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JfTRODUCTION
js e r ate o f  p o s t  m o r te m  pH  fa ll in  p ig  muscle 
q p rim e  im portance w ith  respect to  pork  
^ a lity (B riskey  and W ismer-Pedersen,1961; 
¿ k e y ,  1964). V ery  fast pH  fa l l o ften occurs 
(p^Ueads to  production o f  pale soft exudative 

meat. So techniques fo r  p red ic tion  o f  
¿ a b o lis m  in tens ity  in  muscle after slaughter 
y Ve been matter o f intensive research fo r many 

ars. T h e techn iques w h ic h  have been 
^ P o s e d  can be c lassified in  three groups: 1/  

erm ination  o f  b lood enzyme activities, such 
Q jCreat ine kinase o r lactate dehydrogenase 
Ig ^ s e l de Heer, 1969; A dd is  and K a llw e it, 
e, Gy); 2 / determ ination o f  metabolites (Schmidt 

1971), enzym e a c tiv it ie s  o r o the ral.
r^pbemieäi tra its  on m uscle b iopsies ( fo r  
Lrtjew s, see H ennebach e t  a l . ,  1983 and 
^n,o uAcky, 1987); 3/halothane test (Eikelenboom 
tyt>' 1nk ema> 1974; Christian, 1974) and blood 
^P ing ( fo r a re v j ew> see Andresen,1985). 
. °d  creatine kinase measurem ent, b lood  

anc  ̂halothane test have been extensively 
pt0 se*ect P igs against stress susceptib ility  

l l j  p SE-proneness.
Co^metab ° l ism o f  phosphorylated energy-rich 
b o m °Unc^s *n a m uscie fragm ent separated 
SnJ11 an anim al body and kept anoxic can be 

PPosed to m im ic  that w i l l  take place in  the 
e r^uscle  a fte r slaughter. 3 I p  nuc lear 

f o f e t i c  resonance (N M R ) a llow s to easily  
Cqĵ 0^  the  m e ta b o lis m  o f  phospho rus 
s^j^P^nnds and the pH  changes in  b io log ica l 
1 ^ 8 n \ S’ P a r t ic u la r ly  m u sc le  (G a d ian , 
prej. i-T h e  p re se n t e x p e r im e n t was a 
p rg ^ in a r y  study about the p o s s ib ility  to  
Pig lct in tensity o f  p o s t  m o r te m  metabolism  in  
tpg ^ t is c le  and u ltim a te  meat q u a lity  fro m  
b i^ r e m e n ts  o f  m e tabo lism  in  a m uscle

M A T E R IA L  A N D  M ETHODS 
Anim als, biopsy sampling and treatment 
Ten p igs (5 Large W hites, 1 Large W h ite  x 
Landrace and 4 P ie tra ins) o f  about 90 kg 
livew e igh t were anaesthetized using ketamine 
(Im a lg e ne ,R h on e  M e r ie u x )  and sod ium  
pentobarbital (Pentobarbital sodique, Sanofi). A  
b iopsy o f  around 10  g was taken fro m  the 
B ic e p s  f e m o r is  (BF) muscle. This muscle was 
chosen because o f  its superfic ia l location and 
easiness o f  sam pling. The b iopsy sample was 
d iv ided  in to  3 parts: one part was im m ediately 
crushed in  liq u id  nitrogen using iron  tongs fo r 
m easurem ent o f  A T P ; ano the r one was 
hom ogen ized  in  1M  p e rc h lo r ic  ac id  fo r  
determ ination o f  R  value (R O’) according to 
H on ike l and F ischer (1977); the th ird  part was 
dipped in to  para ffin  o il, then i t  was introduced 
in  a 10 m m  d ia m e te r tube  fo r  N M R  
measurements. The la tte r was subm itted to 
N M R  measurements t i l l  1 h after b iopsy taking 
then used fo r determ ination o f  R value (R 60’). 
The 31p  N M R  spectra were recorded at 162 
M H z  on a B ru ke r A M 4 0 0  spectrometer The 
probe temperature was maintained at 30°C. The 
tota l ^ Ip  spectrum was recorded w ith  a sweep 
w id th  o f  8400 H z and a 45° pulse o f  7.5p.s. The 
recycle  tim e was 2 s. Each spectrum  was a 
resu lt o f  224 transients. A  m ax im um  f ie ld  
hom ogeneity was obta ined by ad justing  the 
sh im s to  o b ta in  a h a lf  w id th  o f  the 
phosphocrea tine  s igna l o f  = 20 H z. A n  
exponentia l lin e  broadening o f  20 H z  was 
applied before Fourier transformation.
Fo r A T P  dete rm ina tion , m uscle tissue was 
fre eze -d rie d , then hom ogen ized  in  8 M  
g u a n id in e  ; A T P  was d e te rm in e d  by 
bioluminescence (k it 567 736, Boehringer).

Slaughter and meat quality measurements 
Three weeks a fte r the b iopsy, the pigs were 
k ille d  by e lectrostunning and exsanguination. 
Samples were taken fro m  the L o n g is s im u s  
d o r s i  (L D ) 45 m in  a fte r death fo r  im m ediate 
determ ination o f  p H  and R value (respectively 
p H i  and R i ) .  p H  was m easured a fte r 
hom ogenization o f  2 g o f  muscle in  18 m l o f
0.005 M  iodoacetate.
The day after slaughter, carcasses were cut and 
some meat quality traits were determined on LD  
and B F  muscles. p H  (p H 2 ) was determ ined 
d ire c tly  on m uscle tissue. Reflectance was 
assessed using a M a n u fle x  2 re flectom eter. 
W ater ho ld ing  capacity (W H C ) was measured 
according to  the paper im b ib it io n  technique 
(Charpentier e t  a l ., 1971).
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Calculations
A bso lu te  q u a n tific a tio n  o f  phosphory la ted  
compounds fro m  N M R  spectra in  a sample o f  
in tact tissue is generally made fro m  the A T P  
le ve l b io che m ica lly  determ ined on a s im ila r 
sample. Th is was not possible here, because 
N M R  measurements began 4 to 13 m in  after 
b iopsy sam pling  (tim e  necessary to  pu t the 
sample in  the spectrom eter and adjust the 
m agnetic f ie ld ). D u rin g  th is tim e , i t  seemed 
im possib le  to us to q uan tify  the more o r less 
pronounced evo lu tion  o f  A T P  .To express the 
ra te  o f  change o f  the p h o s p h o ry la te d  
compounds,we used the ra tio  o f  e ither A T P  or 
phosphocreatine (PC) - both decreasing w ith  
tim e - to the sum o f  inorgan ic phosphate (P i) 
and sugar-phosphates (SP) - both increasing 
w ith  time. These ratios give an index o f  the rate 
o f  ca tabo lism  o f  energy-rich  com pounds.As 
measurements were not begun at a constant time 
after tak ing  the biopsy, the values o f  the ratios 
at 20 and 30 m in  w ere  o b ta in e d  by  
in te rpo la tion . These values were used in  the 
calculations o f  corre lation coeffic ients between 
N M R  parameters and meat qua lity  traits.

RESULTS A N D  D IS C U S S IO N  
M usc le  A T P  leve ls showed l i t t le  varia tions 
between animals at the tim e o f  b iopsy : mean: 
4 .8  p m o l/g ; s .d .: 0 .5 ; m in im u m : 4 .4 ; 
m a x im um : 5.2 .There was no s ig n if ic a n t 
d iffe rence  between Large W hites(m ean: 4.9) 
and Pietrains ( mean: 4.7).

P C

F ig . l.  Series o f  spectra obtained fro m  a biopsy 
between 15 and 55 m in  after taking the sample. 
E a c h  s p e c tr u m  c o r r e s p o n d s  to  1 0  m in  o f  
o b se rv a tio n .

Fig. 1 shows a series o f  spectra obtained fron1 
biopsy between 15 and 55 m in  after taking.Th6 
rate o f  changes in  p H  and phosphoN 
compounds was very variable from  a biopsy[ 
another as illustra ted in  fig .2  and fig .3 . In  eveo 
case PC and A TP  decreased w ith  time, where.^ 
P i and to a lesser extent SP increased, as 4 
w e ll-kn o w n  in  anoxic m uscle (see Benda > 
1973). In  anim al a o f  f ig .2 , there was stih 
h igh leve l o f  PC at the beginn ing o f  the 
measurements and A T P  leve l was kept high t 
the end; converse ly , in  an im a l b, PC w 
almost exhausted 9 m in  after taking  the biop ' '  
and subsequently  A T P  d isappeared ve 
qu ick ly .

F ig .2 . E vo lu tio n  o f  pH , A T P , PC 
biopsies fro m  a Large W h ite  p ig  (a)
Pietrain p ig  (b). 
p H —  A T P - * -  PC Pi
E a c h  p o i n t  w a s  d e r i v e d  f r o m  a  1” ¡¡¡t 
sp e c tru m . T im e s  in a b s c is s a  c o r r e s p o n d ]  
h a lf-tim es  o f  s p e c tr a ;  tim e  0 : ta k in g  the b10" ^  
A s  p h o s p h o r u s  c o m p o u n d s  w e r e  ^  
q u a n tif ie d , th e y  w e r e  e x p r e s s e d  in  in tegru 
u n its  o f  th e  sp e c tro m e te r .

and P-,’
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w :  Large W hite; L r : crossbred; P : Pietrain

p
R ela tions between N M R  measurements or R

es in  the b iopsy on the one hand, and ratevalUl
th^0,Vi tn o rtem  pH  fa ll o r meat qua lity  traits on 
a e ° th e r hand, are reported  in  table 1. I t  
^ a r s  that the parameters ca lcu lated fro m  
inrir measurements are w e ll correlated w ith  the 

tcators o f p o s t  m o r te m  pH  fa ll rate, i.e. p H }
^ i-S o m e  s ig n if ic a n t co rre la tion s  are 

an̂ erved between p H  as determ ined on biopsy 
re5  meat qua lity  tra its, p a rticu la rly  W H C  and 
^  ectance o f  BF  muscle. B y  contrast, R values 
0r re Poorly re lated w ith  p o s t  m o r te m  pH  fa ll 
hi ah Cat qua lity . O ther researchers found much 
qVi Or correlations between R values and meat 
i l p t t y  tra its  (L a h u c k y ,1 9 8 7 ), b u t they 
d e b a te d  the b iopsy at 37-39°C  before R 
c0vnrrn ina tion ; th is d iffe rence  in  techniques 

exp la in  the d iscrepancy between the ir 
a hs and ours.

^ m iin a tio n ; th is d iffe rence  in  techniques 

A*"''
the P ietrain pigs, 3 pigs showed a very 

thg f  m etabolism  rate in  the biopsy , whereas 
%v ° Urth had a m etabolism  rate s im ila r to that 
be ,eryed in  Large W h ite  pigs ( see fig . 3). I t  can 
p0 vPothetized that the form er were halothane- 
qe lt lv e and tha t the la tte r was halothane- 
b j^b ve . 31p n m r  measurements on a muscle 
teSj sy could  perhaps be a too l fo r  a diagnosis 
pr halothane sensitivity. Renou e t  a l. (1989) 
t ^ m u s ly  showed tha t * H  N M R  study o f 
^ lo th  b iopsies can be used to  id e n tify  

mane-sensitivity.

i n c l u s i o n
^  3  Present study, 3 Ip  N M R  compared w e ll 

at quality predictor w ith  the biochemical 
rese a p p lie d  on b iops ies  by  o th e r 

m'chers ( Schm idt e t  a l ., 1971; P fe iffe r e t

a l . ,  1981; Lahucky , 1987). Th is  technique 
appears p rom is ing  to  id e n tify  PSE-proneness 
and perhaps halothane- sensitivity, although its

pH l
LD

R 1 
LD

pH 2 
LD

pH 2 
BF

pH 20’ 0.85 -0.84 - 0 . 2 3 0 . 1 6

pH 30’ 0.84 -0.83 - 0 . 2 4 0 . 1 6

PC 20’ 0.88 -0.85 - 0 . 2 9 0 . 2 3

PC 30' 0 . 2 6 - 0 . 3 2 0 . 5 2 0 .1 0

ATP 20' 0.79 -0.79 - 0 . 3 1 0 .2 0

ATP 30' 0.78 -0.80 - 0 . 0 5 0 . 4 8

R O' - 0 .2 0 0 . 2 7 -0.60 - 0 . 1 4

R 60' - 0 . 4 3 0 . 3 8 0.74 - 0 . 2 3

Reflec.
LD

Reflec.
BF

WHC
LD

WHC
BF

pH 20' - 0 . 2 5 -0.64 0.62 0.63

pH 30' - 0 . 1 8 -0.66 0.65 0.68

PC 20' - 0 . 2 3 -0.72 0 . 4 8 0 . 5 9

PC 30' - 0 .21 - 0 . 4 0 0 . 5 8 0 .11

ATP 20' - 0 . 4 5 -0.72 0 . 3 0 0 . 4 2

ATP 30' - 0 . 4 2 -0.83 0 . 3 9 0 . 2 9

R O' 0 . 2 3 0 . 3 3 - 0 . 5 2 - 0 . 0 3

R 60’ - 0 .2 0 0 . 3 4 - 0 . 5 3 - 0 . 4 8

T a b le  1. C o rre la t io n s  b e tw een  N M R  
measurements and some meat quality traits. 
Reflec.: reflectance. Standard characters: non 
significant; bold: P< 0.05.

practical interest is presently lim ited  by its high 
cost. A lso , the biopsy technique used here is 
expensive, tim e-consum ing and harm fu l fo r  the 
animals; the possib ility  o f using the shot biopsy 
m e thod  (S ch o b e rle in ,1 9 7 6 ; T a lm a n t e t  
a l., 1989) is currently under investigation.
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