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boar
The a im  o f  th is s tudy  w as to  d e tec t po ss ib le  v o la tile  ind ica to rs  o f  the  5 a -an d ro s t-1 6 -e n -3 -o n e  (an d ro s ten o n e ), a  ste ro id  im p lica ted  ir

tomt. F o r th is pu rp o se , tw o  k inds o f  m easu rem en ts  w ere m ade :

I - the v o la tile  co m p o n en ts  fro m  the backfa t o f  39 en tire  m ale  p ig s w ere  ex trac ted  by the d y n am ic  headspace  m eth o d  and

nt'fied by G as-L iq u id  C h ro m ato g rap h y -M ass S p ectrom etry ,

- fa t an d ro sten o n e  leve ls w ere  m easu red  by a specific  im m u n o lo g ica l m ethod .

The d ifferen t ch em ica l fa m ilie s  id e n tif ie d  w ere  : arom atic  co m p o u n d s , a lip h atic  a lk a n es, a ld eh y d es , a lc o h o ls , k e to n e s  and ch lo r id e

%
Pounds.

StePW;

bo#r taint.

An analysis o f  co rre la tio n s be tw een  an d ro sten o n e  and  som e vo latile  com p o u n d s sh o w ed  h ig h ly  s ig n ifican t re la tio n s o b ta in ed  by 

*Se linear reg ression . T hese  re la tio n s in d ica te  that the vo la tile  co n ten t analysis m ay  be an in te res tin g  w ay  fo r  in d irec t ev a lu a tio n  o f

^ Q B ULTIon

the
R esp ite  w e ll-k n o w n  eco n o m ic  advan tages, pork  p ro d u c tio n  from  young  en tire  m ale s  is still d isc o u rag e d  in m ost co u n tries  b ecau se  o f

k Possibility o f  b o ar taint. A ndro sten o n e  has been p ro v ed  to be the m ost im p o rtan t co m p o u n d  c o n trib u tin g  to  th is p ro b lem  at lea s t in
&ench

conditions (B O N N E A U  et al. 1992). T h u s, several d irec t o r in d irect d osage  m eth o d s have  been  d e v e lo p ed  fo r  th is ste ro id . T h e  d irec t 

°C*S use d iffe ren t tech n iq u es - ch ro m ato g rap h ic  (G L C ) (C L A U S and H O F F M A N  1971 ; G A R C IA -R E G U E 1 R O  an d  D IA Z  1985), 

1Inm uno log ical (C L A U S 1974) an d  E L IS A  (C L A U S e t al. 1988), bu t none  o f  th em  is  su itab le  fo r  a  system atic  co n tro l on  the
^Ughter r

cr “ ne. A m ong  the in d irec t m eth o d s (B O N N E A U  and  R U S S E IL  1985 ; S Q U IR E S  1990 ; S Q U IR E S  e t al. 1991), that p ro p o sed  by 

8° % E a i
 ̂ u  and  R U S S E IL , w hich  in v o lv es m easu ring  the size o f  the C o w p er g lan d s , is  in d eed  sim ple  and  qu ick , but becau se  o f  the

8eneity o f  the g en o ty p es an d  the  sexual p reco c ity  o f  an im als s lau g h te red  in F rance, th is m e th o d  c an n o t be  used .

Th
e ob ject o f  th is s tudy  w as to  d e te rm in e  w h e th er the d osage  o f  the vo la tile  co m p o u n d s ' o f  the  b ack fa t o f  en tire  m ale  p ig s c o u ld  lead

»an i■ndirect-t evalu a tio n  o f  the an d ro sten o n e  co n ten t in these  an im als.

A N D  m e t h o d s

thç I U]
Mature a n d  o r ig in  o f  the  sa m p le s  : 39  b ack fa t sam ples w ere  taken  fro m  en tire  m ale  p ig s s lau g h te red  a t 105 kg. T h e  an im a ls  w ere o f

lrge-VVhite
fe

II

(n —11), F ren ch  L an d race  (n= 15) a n d  P ie tra in  (n= 13) b reed s, and  w ere  se lec ted  fro m  a w id e r p o p u la tio n  in o rd e r to  o b ta in  a

am ent. A ndro sten o n e  d osage  w as ca rried  o u t acco rd in g  to  the  ra d io -im m u n o lo g ica l m e th o drrtlal d istrib u tio n  o f  th e ir  an d ro sten o n e  cc 

rtbed b3

S'oraof
SCribed by CLAUS (1974).

» c o n d it io n s B efo re  ana ly sis , •e w rapped  in an  alui heel, v acuum  sto red  in a p o ly e th y len e  f ilm  and
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A n alysis o f  vo la tile  com ponents : For each sample, volatile compounds were extracted by the dynamic headspace method from thm Th

pieces of adipose tissue freed of rind and meat (6 x 1,5 x 0,5 cm). These three fragments were placed in a glass cylindrical extra ‘j •
IV a)(diameter = 35 mm ; height = 160 mm) through which a helium current with a flow of 120 ml min'l was blown for 45 minutes- 

extracted volatile compounds were adsorbed on the TENAX trap of an automatised dynamic headspace apparatus (DCI DELSI). In jec t10 

of volatile molecules into a Gas-Chromatograph (DELSI DI-700) coupled to a Flame Ionisation Detector was achieved by therr113 

desorption of the trap at 250"C. Separation was performed with a DB5 fused silica capillary column (length = 60 m ; internal diam°tet 

0,32 mm ; film thickness = lpm). Carrier gas was helium (head column pressure : 1 Bar) and the oven was programmed from 40 to 2^ 

(slope : 3’C min'l). identification was made by Gas Chromatography-Mass Spectrometry (GC-MS) according to BERDAGUE e*a 

(1992). Kovats Indices (KI) were calculated (TRANCHANT 1982) and compared with reliable literature data.

Statistical analysis : Relations between androstenone content (expressed in pg per g of adipose tissue) and volatile comp01"1 

(expressed in arbitrary units of area) were studied by stepwise linear regression according to the model described by TOMASSONE

ori.

11 feeThe probability level for the introduction of the variables into the model was p<0,05. Calculations were made from 33 observati°nS
vola'Morder to validate the calculated model, androstenone contents from 6 backfat test samples were predicted by analyzing their 

compounds.

RESULTS ANP DISCUSSION
\0Nature and origin of identified compounds : Among the 55 molecules studied by GC-MS, 52 were identified and 24 q°an

jg
(Table 1). These compounds belong to different chemical families, i.e. aldehydes (9), ketones (10), alkanes and alkenes (10), alcohol

aromatic compounds (8), chloride compounds (4), 1 terpene, 1 lactone, 1 furane and 1 pyrazine.

Chemical names Kovats 
Indices (DBS)

Reliability of 
identification

Relative
Area

Chemical names Kovats 
Indices (DBS)

Reliability of 11 
identification__

unknown 1 - - 1.56 2-hexenal 852 b
ethanol - a 5.69 3-methyl-2-hexanone 854 d
2-propanone - a 5.14 m-xylene 866 b
pentane 500 a n.q. p-xylene 874 c
dichloro-methane 528 b n.q. 2-heptanone 889 b
2,3-butane dione 585 b 15.84 ethenyl-benzene 896 c
2-butanone 595 c n.q. o-xylene 898 b
hexane 600 a 1.48 heptanal 900 b
2-methyl-3-buten-2-ol 609 b n.q. nonane 900 a
trichloro-methane 617 a n.q. 2-butoxy-ethanol 906 b
1,1,1 -trichloro-ethane 645 d n.q. y-butyro-lactone + 2,6-dimethyl-pyrazine 912 b
3-methyl-butanal 651 b 1.73 unknown 2 (MP=83,55,41) 957 d
2-methyl-butanal 661 b 3.61 propyl-benzene 962 d
1 -penten-3-ol 680 b 1.24 1 -ethyl-2-methyl-benzene 970 b
2-pentanone 685 b 1.29 aromatic compound (MP=105,120) 977 d
2,3-pentanedione 692 c n.q. phenol 977 c
pentanal 696 c 1.53 1 -octen-3-ol 979 a
heptane 700 a 1.72 2-methyl-3-octanone 981 c
3-hydroxy- 2-butanone 709 b n.q. 6-methyl-5-hepten-2-one 986 b
3-methyl-1 -butanol 732 c n.q. 2-pentyl-furan 994 b
1-pentanol 765 b n.q. octanal 1003 b
toluene 770 a 4.54 limonene 1039 c
1-octene 791 b 1.75 undecane 1100 a
hexanal 798 a 14.69 nonanal 1105 b
octane 800 a n.q. dodecane 1200 a
4-octene 806 b n.q. decanal 1208 b
tetrachloro-ethene 815 b n.q. tridecane 1300 a

if»'Table 1 : volatile components identified by GC-MS analysis.
The reliability of the identification is indicated by the following symbols : a = mass spectrum and retention time identical to thoS 
authenthic sample ; b = mass spectrum and Kovats indices in agreement with the corresponding literature data ; c = mass 0  
consistant with spectra found in literature ; d = tentative identification by mass spectrum. MP = Major Peaks.

m 38th ICoMST Clermont-Ferrand France 1992



s '■fc/

e likely biochemical origins of these compounds are :

i P‘d oxidation which accounts for the production of non branched aliphatic components such as alkanes, alkenes, 2-methyl-ketones, 
'kbydes, alcohols and furanes,

tabohsm of carbohydrates produces ethanol, 2,3-butanedione, 3-hydroxy-2-butanone in raw meat and fermented products but the origin 
of these.compounds in backfat has never been studied,

abolism of branched amino-acids such as valine, leucine or isoleucine generate 2 or 3-methyl-butanal (MAC LEOD and MORGAN 
l958) and 3-methyl-butanol.

The origin of chloride compounds can be attributed to pesticide residues which have accumulated in the tissue of the animals, but the
Ongin f

the aromatic compounds still remains unknown. These two compound families are consistently identified in raw pork.

s. M bet

|ati< t

i l l

Relationships between volatile compounds and androstenone content: The androstenone contents of the 39 analyzed samples were
a au>2 and 1,66 pg per g of adipose tissue.

Udy of tlle linear correlations showed up the existence of significant links between these contents and the surfaces of the peaks 

sP°nding to the orr/io-xylene (r = 0,44 ; p<0,05), to unknown 2 (KI = 957) (r = -0,44 ; p<0,05) and to the decanal (r = -0,31 ; p<0,l 1).
I’ignre j

shows that it is also possible, through stepwise regression, to obtain a close relationship (r = 0,84 ; p<0,001) between androstenone

3,1(1 a linear combination of the peak surfaces of ortho-xylene, meta-xylene, unknown 2 (KI = 957) and 2-propanone. This 
Nation K‘
I lp seems to be relatively independent of the breed concerned for French Landrace and Pietrain animals, but the same cannot be 
Said °f t

ge-White animals, where androstenone content was low and of small variation.
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Confusion matrix

Original class 
ADO ▲ ■ •

12 2

5 14

0.00 0.20 0.40 0.60 0.80 1.00 1.40 1.60 1.80

Predicted values of androstenone content (pg/g)

: Relation between observed and predicted values of androstenone content obtained by stepwise 
p regression with 33 samples.
Thed 'b |ed ValUCS = 6 1 0  4 ° ' xylene '  L 7 .1 0 4 "i-xylene - 3 .5 .1 0 4 unknown 2 + 0 .5 .10 '4 2-propanone + 0,5.
4 = p eed ° f  the pigs and lhe class o f androstenone content (a.c.) are indicated as follow : a  ^  Pietrain with a.c.<0,5 pg/g ;

With a 'e<n "  Whh a C > 0’5 Pg/g ’ D = Large-W hile with a.c.<0,5 pg/g ; ■ = Large-white with a.c.>0,5 pg/g ; o  = French Landrace 
The Hg/g ; •  = French Landrace with a.c.>0,5 \iglg.

conten'!nfUSIOn matrix ind>cates the number of samples well or wrongly classified by the model according to their androstenone 
The an- A ’ D ’ °  = a cS 0.5 Pg/g and a , ■ , •  = a.c.>0,5 pg/g.

°w s show the 6 samples used to test the model.
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nnal
If the threshold for the perception of sexual odours is fixed at 0,5 p.g of androstenone per g of adipose tissue (BONNEAU 1992, person: 

communication) to define two groups of animals according to their androstenone content (figure 1), it would appear that 78% (>•*■ /I 

( 12+14)x 100/33) of the samples are correctly classified into their original class after analysis of volatile compounds.

Moreover, an indirect estimate of the androstenone content of the 6 test samples of adipose tissue from the linear combination of the 

volatile compounds shows that it is possible to distinguish contents lower or higher than 0,5 (ig/g of adipose tissue, which apparetl ' $

confirms the ability of the calculated relation to make predictions. Î

f
CONCLUSION

Analyses carried out show that there is a wide variety of volatile compounds in the backfat of entire male pigs. A study °f p
yei

correlations between these components and androstenone content showed there were highly significant relations. These relations
onten>

unexplained from a biochemical point of view - indicate that some volatile compounds make an indirect evaluation of androstenone

possible. However, the analytical techniques used are lengthy and delicate and cannot yet be applied for quality control operations on 1 j 

slaughter line.
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