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ANDROSTENONE CONTENT.

H .F. DE BRABANDER1 , R. VERBEKE*, P . DIRINCK2 and M. CASTEELS3 
V ete r in a ry  F a c u lty 1 and F a c u lty  o f A g r ic u ltu r a l  S c ie n c e s2 , Univ. o f Ghent, BeM i a ‘ 

N atio n a l I n s t i t u t e  fo r Animal N u tr it io n 3 , M e lle , Belgium .

INTRODUCTION

The im p ac t o f  b o a r  t a i n t  on th e  p ro d u c tio n  economy o f p ig s  i s  w e l l  known, 
a n n u a l lo s s e s  c au sed  by th e  n e c e s s i t y  o f  c a s t r a t in g  m ale a n im a ls ,  r a i s e d  fo r  mea 
p ro d u c t io n , a r e  c o n s id e r a b le  (1) ( 2 ) .  'S in c e  P a t te r s o n  (3) l a i d  th e  f i r s t  l in k
betw een a c h e m ic a l s u b s ta n c e  ; an d ro sten o n e  (AEON) and b o a r t a i n t ,  c o n s id e ra b le  
e f f o r t s  h ave been made fo r  w o rk in g  o u t a n a l y t i c a l  p ro c e d u re s , c a p a b le  o f on l in ? e 
l e c t io n  o f  t a in t e d  c a r c a s s e s  in  th e  s la u g h te rh o u s e . A s u c c e s f u l  s e le c t io n  may D j -  
r e a l i s e d  i f  : 1 ) th e  number o f  t a i n t e r s  i s  s m a l l ,  2 ) th e  r e l a t io n  betw een  the on  ̂
c a l  s u b s t a n c e (s )  and b o a r t a i n t  i s  u n e q u iv o c a l, ( 3 ) th e  a n a l y t i c a l  p ro ced u re  has 
h ig h  c a p a c i t y  a t  a  low c o s t .

Most a u th o rs  r e p o r t  o f f - f l a v o u r  f r e q u e n c ie s  o f  5 -  20% ( 4 ) .  The re la tio n  t- ( 
b etw een  b o a r t a i n t  and an d ro sten o n e  h as been in t e n s iv e l y  s tu d ie d  : th e  b e s t  Pr ° flf 
moment c o r r e la t io n  c o e f f i c i e n t  o b ta in e d  so  f a r ,  r  = 0 .7 6  ( 5 ) ,  a c co u n ts  fo r  58% 00^ef 
th e  v a r i a t io n  in  b o ar t a i n t  e x p la in e d  by i t s  an d ro sten o n e  c o n te n t . However, -̂n 
s tu d ie s  lo w er c o r r e la t io n  c o e f f i c i e n t s  (m agn itude 0 . 4  -  0 . 6 ) w ere found . o t h e r 1.0 
lo d o ro us compounds a s  s k a t o le  ( 1 ) ( 6 ) and v o l a t i l e  a ld e h y d e s  (7 ) a r e  suspected t  |
c o n tr ib u te  to  b o ar t a i n t .  ¿ts

A h ig h  c a p a c i t y  method fo r  th e  o n - l in e  e v a lu a t io n  o f  b o ar t a i n t  on b a s is  ctoflei 
an d ro sten o n e  c o n c e n tra t io n ^  Jls n o t y e t  r e a l i z e d .  The.ELISA method fo r_ an d rg sten

ndto1a lth o u g h  announced in  1981 ( 2 ) ,  i s  n o t y e t  co m m e rc ia lly  a v a i l a b l e .  M ortenson 3 
Sorenson  (1) p re s e n te d  an autom ated  sp e c tro p h o to m e tr ic  method fo r  a n a ly s i s  o f sK 
and p o s s ib ly  r e l a t e d  compounds, o f  w hich th e  r e s u l t s  look v e ry  p ro m is in g . . e£j 

In  t h i s  p ap er th e  b o a r t a i n t  o f  B e lg ia n  L an drace  p ig s ,  d e te c te d  by a t r a in  
p a n e l by r a n k in g  a c c o rd in g  to  t a i n t  i n t e n s i t y ,  was compared w ith  th e  androsteno  
c o n c e n t r a t io n  o f th e  f a t ,  d e te rm in ed  by a new fu sed  s i l i c a  open tu b u la r  c a p H la  1 

_ ch rom atograph ic  method w ith  e le c t r o n  c a p tu re  d e t e c t io n .

MATERIALS A.ND METHODS

S en so ry  a n a l y s i s

From 35 b o a r s , 30 sows and 28 c a s t r a t e s  b a c k f a t  and c u t l e t s  w ere sam pled
P an e l a sse sm en t wasS la u g h te r in g  a t  com m ercia l a g e s  (95 -  100 kg l i v e  w e ig h t ) .

formed w ith  a  t r a in e d  p a n e l ( 1 0  -  1 2  members) by r a n k in g  a c c o rd in g  to  b o ar t a i n 
in t e n s i t y  o f  ¿ a

1 . B a c k fa t  sam p les  (h e a te d  w ith  a  t i p  o f  a h a n d s e a le r ( from a b o a r , a sow 3,1 
c a s t r a t e  -  35 s e s s io n s  u s in g  th e  d i f f e r e n t  b o a r s ) . jf"

2. R oasted  c u t l e t s ,  w h ich  w ere k e p t  warm on a  h o t p l a t e  and e v a lu a te d  by
andf in g .  In  each  o f  th e  23 s e s s io n s  4 sam p les  w ere  used  : 2 sow s, 1 c a s t r a t e  

The e v a lu a t io n s  in te n d  to  s im u la t e  th e  co o k in g  p r o c e s s . e
S t a t i s t i c a l  a n a l y s i s  was perfo rm ed  by a d d it io n  o f  th e  ran k s  and com paring L-afl3 

rankssum s (12 r e p l i c a t io n s ,  3 o r  4 sam p les) w ith  th e  t o t a l s  r e q u ir e d  fo r  sign**; ¿n3'  
a t  th e  5% le v e l  ( 8 ) .  For c o r r e la t io n s  w ith  th e  in s t r u m e n ta l an d ro sten o n e  d e te r ' 
t io n s  a mean b o a r t a i n t  r a n k in g  s c o re  was c a l c u l a t e d ,  r a n g in g  from 1 to  3 fo r  ^¿i0' 
s e a le r - b a c k f a t  p ro ced u re  and from 1 to  4 fo r  th e  c u t l e t s - s n i f f i n g  p ro c e d u re . N  
s ten o n e  was d e te rm in ed  on 20 b o a r s , 15 c a s t r a t e s  and 16 sow s.

Gas ch ro m ato g rap h ic  method

A f a t  sam ple (0 .4  g) was p la c e d  in to  a 15 ml e x t r a c t io n  tu be  w ith  screw  ||j
. ..... . __________  stan3 ed

s o lu t io n  (AAON, an d ro stan o n e  (5 - a - a n d r o s t a n - 3 -o n e ) , S igm a (S t -L o u is ,  U S A ) )  was 3 j 
The m ix tu re  was shaken  and h e a te d  a t  80°C d u r in g  1 h o u r. A f te r  c o o l in a ,  2 . 5

and 1 .4  ml to lu e n e , 2 ml KOH s o lu t io n  (10% in  m ethano l) and 20 y l  in t e r n a l
S t -L o u is , USA)) v 
A f te r  c o o l in g ,



Shakpn°i' 2t ml ^lstill®d water and 5 ml light petroleum was added. The mixture was 
'for 10 minin9Th° s®conds- phases were separated by centrifugation at 2000 rpm(500 g) 
tube ££2* T ° r uPPer Phase waa transferred into a 8 ml silanized extraction 
the tuhphf i ™as reduced to ca 1 ml under a jet of nitrogen. The content of 
ted I T l Z l l  tranaferred to a conical 5 ml extraction tube. The solvent was evapora-
dr° x y l a ^ iC  H r r  ? V  ! ° f  ni  i ° g e n ' 5 p l FL0R0X r e a g e n t  ( (o -p e n ta f  lu o ro b e n z y l)  hy- 
*dded ^  2 , 5  m? /mi  dn E*C‘ f r a d e  p y r id in e  , P ie r c e  (R ockfo rd , IL . USA)) was
« 6  th * * ab\ was h e a te d  a t  1 0 0  c  ^ r  1 .5  h . A f te r  c o o lin g  40 p i cyc lo h exan e
Was WaS deated again for 5 mln- at 100°c- 1 Hi of the content-‘-njected into the gas chromatograph.
fcion gaS ohromatograph used was a Varian 3700, equipped with a c a p illa ry  in ie c -

and a ?  ECD‘ The column was a fu sed  s i l i c a  c a p i l l a r y  (50 m x 0 .2 3  mm I D i 
la n d s f  WlHha CP S i l  5 (0V“ 1 ' SE-3°  an a lo g u e ) from Chrompack (M id d e lb u rg , The N eth er- 
t a t io  „ a „HTdo?9en US6d aS 3  c a r r i e r  g a s  a t  a r a t e  o f  1 m l/min. The s p l i t t i n g  
column a ? . 2 5 ' N itro g en  was used  a s  make-up g a s  f o r  th e  ECD a t  30 m l/min. The 
The rp t  i a 3 e c to r  and d e te c to r  te m p e ra tu re s  w ere 270°C , 310°C and 330°C r e s p e c t iv e l y  
Sterm^p t i0 n  tim es  o f  th e  syn  and th e  a n t i  forms o f th e  PFBHA d e r iv a t iv e s  o f  th eC r O l d S  W P r p  • ¡ \ P D M  ft A  a r u ^  Q  Q ~>-i „  . 7. -A r» *■» _ _  J. ^w ere : AEON, 8 .4  and 8 . 8  m in . ; AAON, 9 .2  and 9 .6  m in.

RESULTS AND DISCUSSION

Gas ch ro m ato g rap h ic  d e te rm in a t io n  o f  and ro sten o ne

atenonp i 9 7 6  Kaufman e t  a l - <9 > d e s c r ib e d  a  p ro ced u re  fo r  th e  e x t r a c t io n  o f and ro - 
A ight n v 0?  a d lP°s e  t i s s u e ,  u s in g  a  q u a te rn a r y  m ix tu re  o f  w a te r-m e th an o l-b en zen e - 
•t°Xic Pe t ro leun l (o r h e x a n e ) . In  t h i s  p ro ced u re  benzene was exchanged  fo r  th e  l e s s  
FlD th o lu e n e - As rh e  d e te c t io n  w ith  e le c t r o n  c a p tu re  i s  more s e n s i t i v e  th an  w ith  
total a ainoant ° f  sam ple and s o lv e n t  can  be s c a le d  down (7 .5  t im e s ) a l lo w in g  th e  

p ro ced u re  ( s a Poni f i c a t io n  -  e x t r a c t io n )  to  be c a r r ie d  o u t in  one t e s t  tu b e , 
in  th p d ro s te n one ( r e s p . an d ro stan o n e) was e x t r a c t e d  fo r  93 + 2,5% (r e s p . 98 + 35%)  
h ° l ( l i i ? 5 6 ?  ° f  a  s in g l e  e q u i l ib r a t io n  o f 1 .4  ml to lu e n e  (11% ), 4 ,5  ml m etha-
Vat i Sp4-i ' 2 ml d i s t i l l e d  w a te r  (15%) and 5 ml l i g h t  p e tro leu m  (39%). A f te r  d e r i -  
t lv e s  , lo n  ° r  th e  e x t r a c t  w ith  FLOROX r e a g e n t ,  th e  p e n ta f lu o ro b e n z y l oxime d e r iv a -  
ft'a to a ,~?£n and a n t i )  a r e  b a s e l in e  s e p a r a te d  from each  o th e r  by c a p i l l a r y  g a s  ch ro - 
fche The and ro sten o n e  -  PFB oxime d e r iv a t iv e s  a r e  a ls o  w e l l  s e p a r a te d  from

~ *ui££nsl s ta n d a rd  d e r iv a t iv e s  and d e r iv a t iv e s ,  o r i n o t i n g  from tbp m a tr ix .

EIG.I
a)
c)

Gas chrom atogram s o f  a d ip o se  t i s s u e  from
h n ! f n Pc 3  (° '°®  PFm AE0N) ? b > b o ar (0 .6 6  ppm AEON) b o ar (2 .6  ppm AEON)
I . S .  : in t e r n a l  s ta n d a rd  e q u iv a le n t  w ith  2 ppm



in fig. 1
src <)ivcR • TFhws© flguiw illustrate that the clean-up

a3 described above

p ro v id ed  by th e  mot,- „¿r o-
Caufman p ro ced u re  ( 9 ) ,  m e e ts 'th e  re q u ire m e n ts  o f  th e  cgc-EC d e te rm in a t io n  of a 
stenone in  th e  ran g e  o f  0 .0 8  -  2 . 6  ppm.

d i f i ed

-  R e s u lt s  o f  a n a l y s i s

In  t a b l e  1 th e  r e s u l t s  o f  th e  s e n so ry  a n a l y s i s  and th e  an d ro sten o n e  d e te rm ih ^ e 
t io n  a r e  g iv e n . B oars show h ig h e r  mean r a n k in g  s c o r e s  and h ig h e r  mean andros 
c o n c e n t r a t io n s  th an  sows o r  c a s t r a t e s  (p i  0 . 0 0 1 ) .

TABLE 1 : R e s u lt s  o f s e n so ry  a n a l y s i s  and an d ro sten o n e  d e te rm in a t io n s

S.D.
sam p les ra n k in g  s c o re (mean + S .D .) an d ro sten o n e concentra-

h a n d s e a le r s n i f f in g m in. max. mean + !

sows (n=16) 1 .6  + 0 .3 2 2 .0  + 0 .3 9 0 .0 4 0 .7 7 0 .3  + 0

c a s t r a t e s  (n=15) 1 . 6  + 0 . 2 1 2 .1  + 0 .2 5 0 . 0 2 0 .5 3 0 .3  ± 0

b o a rs  (n=2 0 ) 2 .5  + 0 .3 8 3 .6  + 0 .2 6 0 .0 7 1 .2 7 0 . 6  t 0

tests
the  f re q u e n c y  o f  s i g n i f i c a n t  h ig h e r  t a i n t  i n t e n s i t y  (p « 0 .0 5 )  in  th e  ran k in g  
'fo r  b o a r s , sows and c a s t r a t e s  a r e  g iv e n  in  t a b l e  2. In  th e  b a c k f a t - h a n d s e a ie ^ e 
c ed u re  o n ly  63% o f  b o a rs  w ere  ju d g ed  more t a in t e d  th an  sows o r  c a s t r a t e s .  
_ u t l e t s - s n i f f i n g  p rp ced u re  83% o f  th e  b o a rs  w ere  d is c r im in a t e d  by th e  p an e l 
th e  sows o r  c a s t r a t e s .  The in c id e n c e  o f a  s i g n i f i c a n t  h ig h e r  t a i n t  in t e n s i t y  
sows o r c a s t r a t e s  was n e g l i g i b l e .  From th e  r e s u l t s  i t  ap p e a rs  t h a t  c u t le t s - s n  
i s  a  more s e n s i t i v e  p ro ced u re  th an  b a c k f a t - h a n d s e a le r  in  d e t e c t in g  low t a in te d  
c a s s e s  (95 -  100 kg l i v e  w e ig h t ) .

TABLE 22 : F requ ency  o f 
1

s i g n i f i c a n t  h ig h e r b o ar t a i n t  in th e  ra n k in g

S en so ry  p ro ced u re b o ars sows c a s t r a t e s

B a c k fa t -p ro c e d u re 63% 0 % 3%
C u t le t s - s n i f f i n g 83% 0 % 4%

test
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FIG. 2 : R e la t io n  betw een  se n so ry
a n a l y s i s  (b a c k f a t - h a n d s e a le r )  
and an d ro sten o n e  c o n c e n t r a t io n  

( ♦ : b o a rs  ; O : c a s t r a t e s  ; 6  : sows)

FIG. 3 : R e la t io n  betw een  s e n s o r y ^

and an d ro sten o n e  co n cen tt^ ^ g )
( ♦:

a n a l y s i s  
an

b o a rs  ; O : c a s t r a t e s

(cutlets-sniff1^ ^ 0!1
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/

~ R e la t io n  betw een  s e n so ry  a n a l y s i s  and an d ro sten o ne c o n c e n t r a t io n

< The r e l a t io n  betw een  th e  s e n so ry  a n a l y s i s  and th e  an d ro sten o n e  c o n c e n t r a t io n  
shown in  f i g .  2 and f i g .  3 . In  bo th  f ig u r e s  th e  b o a rs  form a  c l u s t e r ,  c l e a r l y  

I P ara ted  from th e  c l u s t e r ,  formed by th e  sows and th e  c a s t r a t e s .  However, th e  d i s -  
Unm ination  o f  boar£! from s o w s - c a s t r a t e s  i s  m a in ly  c au sed  by d i f f e r e n c e s  in  th e  r a n -  
sJn3 s c o r e . A lthough  m ost b o a r  f a t s  h ave a  h ig h e r  an d ro sten o ne c o n c e n t r a t io n  than  
, kS or c a s t r a t e s  no s t a t i s t i c a l l y  s i g n i f i c a n t  c o r r e la t io n  co u ld  be dem o n stra ted

t a i n t  and an d ro sten o n e  c o n ten t o f  b o ar f a t s .  T h is  la c k  o f  c o r r e l a -
be due to  th e  low s la u g h t e r  w e ig h t ran ge  o f th e  p ig s  (95 -  100 kg l i v e  
and to  p a n e l a sse sm en t w hich was v e ry  s e n s i t i v e  in  d e t e c t in g  b o ar t a i n t  b u t 

r a n k in g  th e  d i f f e r e n t  b o a r  sam p les a c c o rd in g  to  th e  in t e n s i t y  o f t a i n t .

may 
■“el9ht)y 
,P°or in

CONCLUSIONS

a ls o  be u s e -

ac The d e s c r ib e d  fu se d  s i l i c a  open tu b u la r - e le c t r o n  c a p tu re  m ethod, a l lo w s  th e  
t r P^a t e d e te rm in a t io n  o f an d ro sten o n e  in  p ig  a d ip o se  t i s s u e  o ve r  th e  w hole concen­
t s , 1011 r a n g e , needed f o r  b o ar t a i n t  e v a lu a t io n  (0 .1  -  6 ppm AEON). The method i s  
oe t  ^ned fo r  l a r g e - s c a l e  la b o r a to r y  r e s e a r c h  on th e  s t i l l  d ub ious r e la t io n s h ip  
S  ? en b o ar t a i n t  and th e  an d ro sten o n e  c o n te n t o f  f a t .  The method may 

ln  th e  e v a lu a t io n  o f  new and f a s t  ( im m u n o lo g ica l) m ethods. 
t6s ^e l a t i v e  s e n so ry  p ro c e d u re s  co m parin g , in  one s e s s io n ,  b o a r s , sows and c a s t r a -  
pr ' ir > dicate too h ig h  a  p e rc e n ta g e  o f  co o k in g  odours in  B e lg ia n  L an d race  b o a rs .

‘ fhe b o a r sam p les 63% (b a c k f a t - h a n d s e a le r ) , r e s p e c t iv e l y  83% ( c u t l e t s - s n i f f i n g ) , 
The 9 s i g n i f i c a n t  (p $ 0 .0 5 )  h ig h e r  t a i n t  i n t e n s i t y  th an  th e  sows and c a s t r a t e s .  
sCal^e i a t i v e  p ro ced u re  used  may be more d is c r im in a t iv e  th an  th o se  u s in g  a b s o lu te  
. Ai ng t e s t s .
f i c Betw een ■th e  b o a r  t a i n t  r a n k in g  s c o r e s  and an d ro sten o n e  co n te n t o f  f a t  no s i g n i -  

n t r e la t io n s h ip  was found fo r  th e  p o p u la t io n s  (b o a r s , c a s t r a t e s ,  sows) s tu d ie d .  
!-aetw T aking in to  acco u n t th e  h ig h  p e rc e n ta g e  o f t a i n t e r s  and th e  la c k  o f c o r r e la t io n  
1 sUo een boar t a i n t  and an d ro s ten o n e , i t  may be co n c lu d ed  t h a t  th e  c o n d it io n s  fo r  a 

l e . ®s £ul s e l e c t io n  o f  t a in t e d  c a r c a s s e s  on b a s i s  o f  i t s  an d ro sten o n e  c o n te n t , a t  
t  o f B e lg ia n  L an d race  p ig s  ( l i v e  w e ig h t 90 -1 0 0  kg ) ,  a r e  NOT f u l f i l l e d .
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