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INTRODUCTION

In Sweden a l l  male p igs used f o r  meat p roduc t ion  are c a s t ra te d  in  o rd e r  to  preven t boar t a i n t .  On the other 
hand, because o f  the b e t t e r  p ro du c t ion  c h a r a c t e r i s t i c s  o f  uncas tra ted  p igs  i t  would be f a r  b e t te r  no t to 
c a s t ra te  (e .g .  Hansson e t  a l . ,  1975).

In o rd e r  to  avo id  the m arke t ing  o f  carcasses w i th  pronounced boar t a i n t ,  procedures f o r  i d e n t i f y i n g  such 
carcasses must be developed. The i d e n t i f i c a t i o n  o f  ta in te d  carcasses on the  s la u g h te r  l i n e  can be done w it.ted
the  use o f  the  s u b je c t iv e  s o ld e r in g  i r o n  method (Jarmoluk e t  a l . ,  1970), and carcasses c lassed as non-ta in  
can probab ly  be so ld  w i th o u t  r e s t r i c t i o n .  However, o b je c t i v e  and simple in s tru m en ta l  methods are preferab

One compound considered to  be the  main c o n t r i b u to r  to  boar t a i n t  i s  5a-andros t-16 -ene-3 -one  (androstenone )•
varyC o r re la t io n s  between androstenone and boar t a i n t  determined by sensory e v a lu a t io n  have been repo r ted  to  * 2S 

from 0 .4  to  0.7 ( f o r  rev iew ,  see Malmfors e t  a l . ,  1978). Th is  magnitude in d ic a te s  the  p o s s ib le  presence o
y e t  u n id e n t i f i e d  compounds t h a t  m ight c o n t r ib u te  to  the  t a i n t .  In 1970, Void is o la te d  a s t ro n g -s m e l l in g  c , s0 
from boar f a t  which he proposed to  be s k a to le  (3 -m e th y l - in d o le ) .  The presence o f  s k a to le  in  boar f a t  has 
been demonstrated in  o th e r  s tu d ie s  (W als tra  & Maarse, 1970; Maarse e t  a l . ,  1972). Both in d o le  and skato le  
products  o f  p u t r e f a c t io n ,  and both are s t ro n g -s m e l l in g  substances. Each o f  them may thus c o n t r ib u te  to  t  
t a i n t .

fat. ^In the  p resen t s tudy a chemical method has been ap p l ie d  f o r  the a n a ly s is  o f  s k a to le  and in d o le  in  boar TaJ aliy 
co n c e n tra t io n s  in  f a t  o f  these two compounds as w e l l  as o f  androstenone have been c o r re la te d  to  the senso 
determined boar t a i n t .

MATERIAL AND METHODS
ies

Boar t a i n t  i n t e n s i t y  and the  con c e n tra t io n s  o f  5a-androstenone, in d o le  and s k a to le  were in v e s t ig a te d  in  
from back f a t  taken from 84 boars a t  s la u g h te r .  In a d d i t i o n ,  sensory e v a lu a t io n  and analyses o f  ska to le  ^  
in d o le  were performed on f a t  samples from 16 c a s t ra te s  and i1 g i l t s .  Sensory e v a lu a t io n  o n ly  was m a d e  on 
samples from a f u r t h e r  38 boars ,  7 c a s t ra te s  and 113 g i l t s .  Crosses between Swedish Landrace and Swedish ^  
Y orksh ire  and between Hampshire and the  o th e r  two breeds were used in  the  i n v e s t ig a t io n .  During rearing» ^gCt. 
sexes were kept in  the  same b u i ld in g  bu t g i l t s  and boars were in  separa te pens., w i th  o r  w i th o u t  snout co

Chemical. analij&lt,

5a-andAoit-16-ene-3-one (androstenone) in  f a t  was determined acco rd ing  to  the e x t r a c t io n  and radioimmunol0  ̂
procedure descr ibed by Andresen (1975).

fof\6
Skatole. and -Indole were is o la te d  from f a t  by steam d i s t i l l a t i o n  and e x t ra c te d  s im u ltan eou s ly  w i th  n'P eJ!er 
an apparatus as descr ibed by L ikens (1964) and a lso  used by Maarse e t  a l .  (1972).  The e x t r a c t  was f ur pal 
concen tra ted  be fore  s u b m it t in g  i t  to  gas l i q u i d  chromatography (GLC). 2 -m e th y l - in d o le  was used as t<]terei  a! 
s tandard .  A more d e ta i le d  d e s c r ip t io n  o f  the e x t r a c t io n  procedure w i l l  be pub l ished  elsewhere (Hansson 
1980).

To make p o s s ib le  c a l c u la t io n  o f  the c o r r e la t i o n  between independent e x t r a c t io n s ,  f a t  was d i s t i l l e d  and 
in  d u p l ic a te  in  a l im i t e d  number o f  samples (n = 36 ) .  A l l  samples were analysed in  d u p l ic a te  by GLC. M 
were used in  the  s t a t i s t i c a l  a n a ly s is ,  except when p re c is io n  o f  the  methods was c a lc u la te d .

C3‘

in

c K

(Jarmoi u k
Sen&oay evaluation

The o l f a c t o r y  t e s t s  were done by hea t ing  the f a t  samples to  150°C w i th  the  t i p  o f  a s o ld e r in g  i r o n  i — 
e t  a l . ,  1970). The i n t e n s i t y  o f  back f a t  boar t a i n t  was eva luated by a t r a in e d  panel o f  10-12 members- ^ s 
samples were judged acco rd ing  to  a 3 -p o in t  s c a le ,  where 0 = no boar t a i n t ,  1 = obvious boar t a i n t ,  an 
s t rong  boar t a i n t .

S ta tt& tie a l analyilA
twef

A l l  c a lc u la t io n s  were done w i th  the S t a t i s t i c a l  A na lys is  System (B a r r  e t  a l . ,  1976). T h e 'd i f fe re n c e  be ^  
th re e  sexes was te s te d  w i th  sex o n ly  in  the  s t a t i s t i c a l  model. Among boars , the  e f f e c t s  o f  breed cros
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Ianner
i,0ft~ s i a n i f i ! ^ i  C0!It ^ t  w?re eva luated s im u ltan eou s ly .  A lthough the i n te r a c t io n  between these e f f e c t s  was 

e e f f Pr4- anc  ̂ t h e re fo re  ignored in  the  model, separate analyses was a lso  made w i t h in  each breed c ross ,  
ec t o f  pen nested w i t h in  manner o f  con ta c t  was tes ted  f o r  the Hampshire breed c ross .

îfie
‘¿£_n o 6 method*

c°nceh+°^ry  s k a to le  was 44-47%. No c o r re c t io n s  f o r  procedura l losses were made and the  sk a to le  and indo le  
a t io n s  are th e re fo re  no t to  be regarded as abso lu te  va lues .

\

t h e ^ a n ^ i^ ^ 11 bebween d u p l ic a te  e x t r a c t io n s  o r  d u p l ic a te  GLC analyses were used as a measure o f  the p re c is io n  
a ly s is  (Table 1 ) .  The r e s u l t s  in d ic a te  h igh p re c is io n  except f o r  the  e x t r a c t io n  o f  in d o le .

la h i.Ahle i .
■didoip ' AcCiPuxci/ o i th e  meaiuae andaoitenone, ik a to ie  and 

> Z-X-paeaed ai oveaati cow ielatlcm i

^ s ta n c e

Jk*tcie
H)l„

Between d u p l ic a te  
e x t ra c t io n s

r°stenone

Between d u p l ic a te  
GLC analyses

%

E ^ e c t  of, i e x ,  bleed and manneA of, contact

Among the 269 f a t  samples analysed 
s e n s o r i a l l y ,  weak t a i n t  was detected in  a l l  
th ree  sexes, w h i le  s trong  t a i n t  was found 
in  boars o n ly .  The d i s t r i b u t i o n  o f  the boar 
t a i n t  i n t e n s i t y  f o r  the d i f f e r e n t  sexes is  
shown in  F igure  1.

Means and standard d e v ia t io n s  f o r  the 
substances s tud ied  as w e l l  as the d i f fe re n c e sj '•ween suDStances s tud ied  as wen as m e  u m « ™

r ' h t  i ni exe^ f o r  boar t a i n t ,  s k a to le  and in d o le  are presented in  Table 2. As expected, boars had a h igher  boar 
ast r a te ensi t y  than c a s t ra te s  and g i l t s  (P £0 .001 ) ,  but f o r  s k a to le ,  no d i f f e re n c e  was found (P > 0 .05 ).  

samples had a la r g e r  in d o le  con ten t  than those o f  boars and g i l t s  (P <0.01 ).

f t b“» no d i f f e re n c e  in  t a i n t  i n t e n s i t y  o r  the co n c e n tra t io n  o f  androstenone, sk a to le  o r  in do le  could be 
crosses .  Boars w i th o u t  snout con tac t  w i th  g i l t s  had a h ighe r  concen tra t ion  o f

•«ng [j . —  > "u uiTrerence in tai
Cn ®le (,peen different breed trusses. Ducirs w i lfiuul snout contact Wltn gilts nao a niyiier cunv.ciiv.iuo. 
b h en t r a t ■ 0 5 )  compared to  those w i th  snout c o n ta c t ,  but showed no d i f f e re n c e  in  androstenone o r  indo le  

crci ° n ^  ^ - 0 5 ) .  The e f f e c t  o f  manner o f  c o n ta c t  was analysed f u r t h e r  w i th  separate analyses f o r  eaui 
m,ai"ed w-jcL- ^ n ly  the Hampshire breed crosses had a h igh e r  s k a to le  c o n cen tra t ion  (P £0.01) when boars were 
(is 6r o f  snouA con tac t  w i th  g i l t s .  When a separa te a n a ly s is  was made o f  the e f f e c t  o f  pen, nested w i th in  
l^he r  0f  c° n t a c t ,  i t  was found t h a t  the  s k a to le  c o n c e n tra t io n  d i f f e r e d  between pens (P £0.05) but not between 

tfi the cor|t a c t .  High c o n c e n tra t ion s  o f  s ka to le  were found in  one pen s i tu a te d  in  a corner o f  the b u i ld in g .  
ean s k a to le  va lue was 0.12 yg /g  f a t  compared w i th  the  o v e ra l l  mean va lue f o r  boars o f  0.07 pg/g.

N a t i v elû| f r e q u e n c y  (%)

<8n«te

SENSORY SCORE

d i s t r i b u t i o n  o f  boar t a i n t  i n t e n s i t y  f o r  boars ,  g i l t s  and c a s t ra te s .

%

ang 
ted 
he

V ? i c i e® f ess ion a n a ly s is  was used to  s tudy how much o f  the v a r i a t io n  in  boar t a i n t  cou ld be accounted f o r  
f f i r ■ d e te rm in a t io n )  by the var ious  substances, e i t h e r  alone o r  in  d i f f e r e n t  combinations (Table 4 ) .  

, 1ents o f  de te rm in a t io n  between boar t a i n t  and androstenone, s k a to le ,  and in d o le  were 36%, 33% and 7% 
>*s J °n  o f f t  Combining androstenone and s k a to le  increased the c o e f f i c i e n t  o f  d e te rm in a t ion  to  43.0%, but the

°nnd

between boon, t a in t ,  andAoitenone, ik a to le  and Indole

V  dtld s between boar t a i n t ,  androstenone, s k a to le  and in d o le  are presented in  Table 3. Among boars ,  both 
M il i ta ted  Hdadra t ic  r e la t io n s h ip s  between t a i n t  i n t e n s i t y  and androstenone, s k a to le ,  and in d o le  were

6 the .* Jhe relationshiD between taint and androstenone as well as taint and indole was found to be linear,
10

IPle

r e la t io n s h ip  between t a i n t  and androstenone as 
e |a t io n s h ip  between boar t a i n t  and s k a to le  was qu a d ra t ic  (F igu re  2 ) .

in d o le  d id  no t increase the  c o e f f i c i e n t  any f u r t h e r .  The h ighes t  c o e f f i c i e n t  o f  d e te rm in a t io n ,  49.7%, 
eh a combinat ion o f  the  in d iv id u a l  components and the p roduct o f  androstenone and s k a to le  was used.
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Table 2. Meant (x) and itandcuid deviations, (S .P . ) (¡ok boat t a in t ,  andKottenonea , ika tolei, and indole, and l e o ^  
o( s ig n ific a n c e  ( ok th e  e f f e c t  of sex

Sex

Boars K  n=83) Castra tes  (« ,  n=16) G i l t s  (? ,  n=11) o f  s i g n i .  s i g n i f i c a n t

Substance X S.D. X S.D. X S.D. f ic a n c e d i f fe re n c e s

Boar t a i n t ,  p o in ts 0.79 0.39 0.41 0.25 0.36 0.30 **★ <f-X\ cr-?

Androstenone, yg /g  f a t 0.63 0.68 — — — — — —

S ka to le ,  yg /g  f a t 0.07 0.12 0.02 0.04 0.01 0.03 n .s . —

In d o le ,  yg /g  f a t 0.04 0.01 0.06 0.04 0.04 0.01 * < -r f ;  Vf-S

^Androstenone was determined in  boars o n ly .
Levels o f  s ig n i f i c a n c e :  n .s .  = no t s i g n i f i c a n t  (P > 0 .0 5 ) ;  *  = P SO.05; * * *  = P SO.001.

SENSORY SCORE SENSORY SCORE SENSORY SCORE

FiguKe 2. R e la t io n s h ip  between boar t a i n t  i n t e n s i t y  and (a) androstenone, (b) s k a to le ,  (c )  in d o le .

Table 3. OveKatl coKKelations between boaK t a in t ,  
andKostenone0-, sk a to le  and in d o le

Sex

Boars Castra tes G i l t s

Boar t a i n t  
-  androstenone 0.60 * * * __ —

-  sk a to le 0.53 * * * 0.10 n .s . 0.29 n .s .

-  in d o le 0.26 * 0.17 n .s . -0 .05 n .s .

Androstenone 
-  s k a to le 0.54 * * * — —

-  in d o le 0.24 * — —

Skato le  
-  in do le 0.31 * * 0.76 * * * 0.39 n .s .

^Androstenone was determined in  boars on ly .

Levels o f  s ig n i f i c a n c e :  n .s .  = no t s i g n i f i c a n t  
(P > 0 .0 5 ) ;  *  = P SO.05; * *  = P SO.01; * * *  = P SO.001.

Table 4. C o e ffic ie n ts  of detenmination 6°*»^ Ü1 
t a in t  obtained by combining vaKiouS vaKiab 
a m u ltip le  KegKession analysis  (boons only)

CoeffJjJTo f  deter ,
mi n a t io nDependent

v a r ia b le Independent v a r iab les *1

Boar t a i n t  And

Ska + Ska2 

Ind

And + Ska

And + Ska + Ind

And + Ska + And x Ska

aAnd = androstenone; Ska = s k a to le ;

DISCUSSION
d 9ilt5'This s tudy  has demonstrated the presence o f  s k a to le  and in d o le  in  f a t  t i s s u e  from boars , c a s t ra te s  an 

Ska to le  has p re v io u s ly  been i d e n t i f i e d  in  f a t  from boars by Void (1970) and W als tra  & Maarse (1970) 3 5
q u a n t i f i e d  by Maarse e t  a l . (1972).  Walstra  (1974) r e p o r t s ,  however, t h a t  i t  was no t  p o s s ib le  to  dete fr0fi 
in  f a t  samples from g i l t s .  The importance o f  s k a to le  and in d o le  f o r  the  presence o f  " o f f - o d o u r "  in  . ^ l e  ^  
c a s t ra te s  and g i l t s  i s  s t i l l  not con f i rm ed ,  as the c o r r e la t io n s  between t a i n t  and both s k a to le  and i n 
low (P >0.05) f o r  these two sexes. -a

Among boars, s k a to le  (b u t  no t in d o le )  increased the degree o f  ex p la n a t io n  f o r  the  t a i n t .  The f in d in g  seFi0 
s i g n i f i c a n t  i n t e r a c t i o n  between androstenone and s k a to le  i s  o f  i n t e r e s t .  Skato le  p robab ly  enhances t  t r a t i ? > ^  
im pression o f  boar t a i n t  to  a h igh e r  degree than cou ld  be exp la ined  by the  ac tu a l  androstenone conce-iso p 
Thus the androstenone c on ten t  alone can probab ly  no t be used as an i n d i c a t o r  o f  boar t a i n t ,  as was a



Out b

and, - n t h 3 t  o f .Walstra  <1974)» s k a to le  increased the score given f o r  
¡ ¡ S  f a t  s !  w  ! ;  ?r \° bb(: s t l "  very  t ime-consuming method o f  a n a ly s is  f o r  s k a to le  and the need f o r  
c ^ P le .  „ . , 9)> t h i s  substance cannot be used in  s e le c t io n  exoeriments anainQt hoAr t a i n t  -fnv*
S e f a t S m r . 1 ,,,- r  <n~ \~ ITT iiieunuu ot a n a ly s is  t o r  s k a to le  and the need f o r
i s « .  Jonssin &^AndiL^tigygl'hSve3^ 0^ ? ^  bn US?d in selection experiments against boar taint, for 
llj ictlng animaic Thiresenk- 7t  • e used both andr°stenone concentration and the intensity of taint when
C M t « « • « *  -?«■ . * o St ( : n 7 l 2 e ,hen
^aii 

As sk
• V ^ s t a S « ^  ° f  ^Y P tophan formed in  the d ig e s t i v e  t r a c t ,  the presence o f
Seiiot■ten°ne as in d i ra te H  hu nuv rJ i  i * e e^ vironment  to  a h ighe r  degree than endogenous products such as 

blc v a r i a t io n  y s u i t s .  Even so, the  s to rage  o f  s k a to le  and in d o le  in  the body may have a

^ ° sSes
»f. b o . r  t a i n t  and the , . ™

C e‘ t  and c“ w i t e ? l ^ f S ) " S T , £ ? ; sed the  h e r i t a b i l i t y  s l i g h t l y  » „ p a r e d  w i th  andnostenone a lone, 
n!? »f t e r  3 genera t ions  o ? L w i n n  r ^  d6 a l ° ne J? i he\ r  s e le c t io n  experiment ag a in s t  boar t a i n t ,  and 

2*d h e r i t a b i l i t y ¡ a s  about 0?4? h d 3 Very h lgh  re d u c t lo n  in  androstenone c o n c e n tra t io n .  The

s t r a t i  c 1011 L.anuiauc aim oweaisn ro rK s m re  had the
iVpiinc t  brnnH ° f  androstenone, s k a to le  and in d o le  as crosses t ______  _________ _ _ _  ___________
c S 96 c o n c e n t J a i i o n f n f . n d n n  ! ° Und bL Bon2e?u : e t  a l . (1979) who repo rted  t h a t  P ie t r a in  boars had h igher 
lridirSses was hinh in  P ia tn  • osJ;el?one than Be lg ian  Landrace boars. Even a t  90 kg the frequency o f  ta in te d  
C  ate th a t  t h p b j l Pr ' 1 ? ’ S  nob s o .1n B e l9ian  Landrace. Results  ob ta ined  by Malmfors e t  a l . (1978)

between these two breeds and Hampshire.

7 ate th a t  ' I  ’ v- ;  b0J in  De 9ian  Lan9race. Results  ob ta ined  by Malmfors e t  a l . (1978
Weidsh Yorksh ire  boarsC e n t r a t l ° n androstenone 9ave a h igh e r  i n t e n s i t y  o f  t a i n t  in  Swedish Landrace

¡i^eari 3rS'
‘ f feh“ 'c e !  whin hhen bi aI S are to  be used f o r  meat Product io n  is  s t i l l  not e s ta b l is h e d .  We found no0 wnen hnarc: haH cnnnt /'nn+-a/~4- . . -n ___ _ _ . . . . .  . . . .

than

. ^ h c e s  whin kI I "  i aI S a re i t0  be used f o r  meat p roduc t ion  is  s t i l l  not e s ta b l is h e d .  We found no
S i - ° ns o f  jnHm r t ! rS bad j n° UI  con ta c t  w i th  g i l t s ,  e i t h e r  as regards boar t a i n t  i n t e n s i t y  o r  in  the concen­
t r a t e s  WhPn tenone and in d o le .  Walker (1979) found a h ighe r  inc idence  o f  ta in te d  boars in  5 ou t  o f  11
to ^ te n o n e  eY .were reared w i th  g i l t s  in  the same pen. As sexual exc i tem ent can be supposed to  increase

n!d|JCe t  hi I  n Ul i 10n j 4ndresen, 1976; Claus & A ls in g ,  1976) separate b u i ld in g s  f o r  boars may be a m atter 
dis > a b l v nf  Problem- To use the same b u i ld in g  but exclude mixed-sex pens o r  mere ly  to  prevent snout con tac t  

d a n c e s  am« . i i  v a ; ue * . ' he d i f f e re n c e  in  s k a to le  con c e n tra t io n  due to  pen may be exp la ined by d ig e s t iv e  
P1 9s in  a s p e c i f i c  pen r e s u l t i n g  in  h ighe r  sk a to le  c o n c e n tra t io n s .

e*cS l m f o I l T ° f  bo a r , i ;? i l!!t i n t e n s i t y  fouud, w i th  o n ly  a few boars showing s t rong  t a i n t ,  is  in  agreement 
dded f r _ Hansson (1974) and W als tra  (1974).  Whether o r  not o n ly  the s t ro n g ly  ta in te d  boars must be 

If i ue f re s h  meat market has no t  been adequate ly  in v e s t ig a te d ,  however.
Obi °4|“s
Skat Ci 1 Ve a n p iSed ^ ° r  meab p ro d u c t io n ,  but the market re q u i re s  th a t  no ta in te d  products be s o ld ,  a r e l i a b le  
' 37a° 6 both r S] S - f o r  boar t a i n t  would be o f  g re a t  he lp .  As f a r  as i s  known a t  p resen t,  androstenone and 
Of ?  ^ n n e a i j ?  i blute t o b o a r  t a i n t .  F a t ty  ac id  composit ion  too has a c e r t a in  in f lu e n c e  (e .g .  Malmfors e t  a l . ,  
iteth 1POt' tanr  f  a • ’ 1.979' -  F u r th e r  in v e s t ig a t io n s  are needed to  e s ta b l i s h  whether the re  are o th e r  substances 

0<1 o f  anal ' t be ™ te n s ^t y  the t a i n t .  I t  m ight then be po s s ib le  to  develop a rap id  and ins trum en ta l
.V

^ beless ndro abe t h at  s k a to le  c o n t r ib u te s  to  boar t a i n t  to  a somewhat le s s e r  ex te n t  than androstenone. 
W a' l  perSp Wbl^e in  our op in io n  almost everyone i s  s e n s i t i v e  to  the smell o f  s k a to le ,  i t  is  a f a c t  th a t  

a s t i l l  nS are s e n s i t i v e  to  the  smell o f  androstenone. Consequently i t  i s  p o ss ib le  th a t  s ka to le  may
g re a te r  in f lu e n c e  on the f la v o u r  a t  the t ime o f  consumption o f  boar meat then these r e s u l t s  show.

Us ,inv,

IfF
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