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NRODU Ty

i"\'esti Post mortem Changes affecting energetic metabolism in pig muscles have been c).(tenswel‘y
8ated, It ig well-known that pH evolution faithfully reflects both extent Emd intensity of pos}:

extensri?, Metabolism. A fast rate of pH fall leads to pale soft exudative (PSE) muscle throug
0 day g,PrOtem denaturation (Bendall & Wismer-Pedersen, 1962). Limited pH change gives rise
(Brigke, o dry (DFD) meat. Metabolic changes were studied using biochemical techniques
.recently §‘1 Wlsmer-Pedersen, 1961; Kastenschmidt et al., 1968; Charpentier, }968)_ ancg moret:

"“ercvty P NMR (Vogel et al., 1985; Renou et al., 1986). The latter technique 1s of grelzli
Part 0}? becallse it allows to make successive measurements on a single sample, thus avoiding the
the lemprecxsion inherent to serial sampling. It is possible to get from a _smgle NMR spectrum
me‘aboland the concentrations of the main phosphorylated metabolites mvolvec_i in energetic
(Cpy nlsm, Namely inorganic phosphate (Pi), adenosine-triphosphate (ATP), creatine-phosphate
Meta, K. Phosphomonoesters (PME). Swedish researchers extensively studied post mortem
Sing gllsm 1 muscle from cattle, pigs and sheep undergoing various technological traetments,
inveg; © NMR (Vogel et al., 1985; Lundberg et al., 1987) The present study was designed to
ore details the changes occuring after slaughter in muscle of pigs giving PSE or

DF?)Sumgate in m
e g =
4, due 1o genetic disposition or pre-slaughter treatment.

My
TERIAL AN METHODS

A"imals

,rfflﬁee“ Pigs, i.e. 7 Large White pigs and 8 Pietrain pigs, were used. Five pigs of each
m e €Ired to as control pigs, were slaughtered taking care to minimize preslaughter Stress .
hvewei ;plgS (3 Large Whites and 2 Pietrains) were injected i.m. with 0.1 mg adrenaline per kg
electrong . be_fore Slaﬁghter, in order to increase meat ultimate pH. All the animals were killed by
OS1s and exsanguination.

Plin
€ and determinations

Mo eacl?,s 500N as possible after slaughter, a sample of Longissimus dorsi muscle was _takeg
Par, i/ one mal at the level of the first lumbar vertebra. This muscle sample was divided m:\c/)[R
i’;leasuremne Part was dipped in paraffin oil then put into a 10 mm diameter NMR tube for N .
TO-OOS -OIS; i/ another part was crushed in liquid nitrogen ; iii/ the third part was homogenize

he Oacetate for pH determination by combined glass electrode. 3 fri
enmega Pt in liquid nitrogen was extracted by homogenization in 0.6 M perchloric acz(i
Tor ATp 00 and neutralization of the supernatant using 3 M K»CQOj3. The extract was then use

y Artermmation by bioluminescence. o g e S L e
Uscleu .ound 24 b after slaughter, ultimate pH was measured directly in Longissimus

Ny € @ combined glass electrode.

measurt"~mems

f 3 -
requenc}:l ® NMR spectra were recorded at 162 MHz on a Bruker AM400 spectrometer. I;legd
and Proton decoupling were not required. The field homogeneity was obtained Dy
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optimization of the water proton spectrum of the muscle. Each spectrum was an average cwet?

scans accumulated in a total time of 10 min with a recycle time of 2 s. 45° pulse angles,

enfs
width of = 3000 Hz and an exponential line broadening of 20 Hz were used. NMR measure?”
began between 17 and 32 min after slaughter and lasted 2 h.
Calculations
ol AT

ATP, PC, SP and Pi were estimated from NMR spectra and bioc.thﬁmiC :
determination; pH was deducted from NMR spectra using chemical shift of inorganic phosP

RESULTS AND DISCUSSION

ATP pmol/g
Three of the adrenalin-treated pigs 4
(1 Large White and 2 Pietrains) gave meat ;
with ultimate pH above 6. The pigs with +
normal ultimate pH, i.e. 6 Large Whites >
and 6 Pietrains, had very variable rates of +
post mortem muscle metabolism. At 30 min 1
post mortem, according to the NMR data, 34 B
pH varied from 6.04 to 6.66 and ATP
varied from 1.1 to 6.8 pumol/g. From the 3 = v
distribution of pH and ATP at this time 1
(figure 1), animals were divided into 2 1 b AERT I8 TS T30 6.8 70
groups: pigs with a pH above 6.2 and ATP 6,0 6,2 6,4 6,6 . ot
level above 4 pumol/g were considered as 1"
havir;g normal muscl.e, the other ones were Fig. 1. Relationship between pH andA
considered as having muscle with an ‘ mortem
abnormally fast rate of post mortem level at 30 min post
metabolism (PSE-prone muscle). W
Figure 2a shows a typlca.lanoS‘
; spectrum obtained around 30 mln wh
[' gl mortem from a normal mUSCle'ngﬂl"’,m
R possible to distinguish 7 peaks, amo mal?
i =g 6 peaks corresponding to the in ¥
pemf| [ are %ATP o phosphorylated metabolitcfs invgl‘t’";origz-
hflcec [ | /, energetic metabolism, i.e. from et
P V\J "J N N the I;gME (mainly sugar-phosphaws)’ " of’
the PC and the y, o and B phosphat® ;’3’ pl
/ / of ATP. The signal between the Pld 10
i || o8+ 6.23 resonances  was asslg“gbshows
] : glycerophosphorylcholine. Figur® % ;m $
,! \}5 oaTp a NMR spectrum obtained efe vﬁfg
Y i BATP PSE-prone muscle: ATP and PC ‘lzligh B“f
_// J_// \ 2 low, whereas PME level was o 0
g showed little change during the P pccmlf"
Sty measurement. Figure 2c shows 8 5P yigh
Bt Paitt from a DFD muscle. Pi level was v
! s whereas PME content was low- (a)
EM I yare oat o
e | X/:“P d‘/'P Aat Fig. 2. Examples of spectra f;’%ﬂ”’
Ay LA J\ T normal muscle; (b) PSE-pron
(c)DFD muscle.
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The post mortem changes in the levels of
the phosphorylated metabolites according
to muscle condition (normal, PSE-prone
or DFD) are described in figure 3. In
normal muscle, ATP and PC decreased
slowly, while Pi increased steadily (figure
3a). In PSE-prone muscle, ATP and PC
were quickly exhausted; Pi level increased
as long as ATP and PC declined (figure
3b). In DFD muscle, changes in ATP, PC
and Pi were similar to those observed in
PSE-prone muscle, although Pi was
initially markedly higher (figure 3c). PME
levels were similar in normal and
PSE-prone muscles, and in both cases
much higher than in DFD muscle; they
underwent very small change with time
whatever the muscle condition. In normal
muscle, pH decreased from 6.5 at 30 min
post mortem to approximately 6,1 at 120
min, i.e. a rate of around 0.27 pH unit per
hour (figure 4). The PSE-prone muscle
had a low pH at 30 min post mortem i.e.
6.1, it decreased to approximately 5.9 at
120 min post mortem. At the same time, in
DFD muscle, pH was high i.e. 6.6 at 30
min post mortem and showed little change
with time.

The total level of phosphorylated
metabolites detected by NMR stayed
almost constant during post mortem
metabolism at values of 38 to 39 umol/g.
This value was the same as that found by
Vogel et al. in beef Longissimus dorsi
muscle, which was 38 pmol/g, but was
lower than the value of 54 pmol/g given
by Bendall (1973) for the same muscle.
Vogel et al. (1985) explained the lower
value obtained by 31P NMR by the fact
that a part of Pi contained in muscle at the
end of post mortem metabolism is likely to
be sequestred in cell organelles and so
remain undetected by NMR.

Figure 5 illustrates the
comparison between the pH values
obtained by either NMR or electrochemical
measurements. There was a good
agreement above 6.2, but below 6.2 the
NMR values were systematically higher
than the electrochemical values. This
phenomenon was previously described by
Vogel et al. (1985). It can be at least partly
attributed to: i/ local heterogeneity in pH
values within the muscle tissue, Pi
resonance allowing to estimate only
intracellular pH, ii/ to the known change in




i '~ ing PO
ionic strength of muscle durifis E,

: cu
pH mortem metabolism, the_standaf g it
used to assess pH from Pi chemiC&,

. 0
6,67 \M being established for a glven[hle pi
1 strength. The line width of pC

the!
6.4 resonance was broader than that Ofc with
’ resonance and generally increas oneilf
time. This indicates some heterog,

in
jon !
6,2 and perhaps some compartmcntat 085:

1 intracellular pH ( Vogel et al"radicm
6.0 Renou et al., 1986). 'l:he pH &
: reached 0.3 to 0.4 pH units. i

il

The relationships b‘i[w.e?nr%l:t i

58 B e ATP changes were very dlfedDFD
20540 60 80100 0120 muscle with normal ultimate pH a0

min post mortem

—+ Normal
~* PSE-prone | g. 4. Post mortem changes in pH
St 3 2 0
pH (NMR)
7,07

muscle (figure 6). In the former, ATP
disappeared at pH values between 5.9 and
6.2 whatever the rate of pH fall. In the 6,51
latter, ATP almost completely disappeared
(level < 0.5 pmol/g) at a pH value around
6.5, corresponding to the ultimate pH. This

is due to the fact that glycogenolysis is of]
ended and so there is no more ATP ;
resynthesis, when ultimate pH is reached. _/,/7'0
5,5 v T v 4 ]
5,5 6,0 6,5 i)
pH (clectrochet‘zﬂ,zf
ATP pmol/ Fig. 5. Relationship between pH values :re,,,en”
3 by NMR or electrochemical meas
6-
| ;
CONCLUSION
4 cours,c
Our results show that [hefvcn b
" of the post mortem changes in 8 & wel by
21 g muscle can be predicted rather NMRr
examination of a single in aflﬁl
spectrum obtained around 3O'mh nofrﬂﬂd
0 : B : death. At this time, muscle wsll[)’ howgd
' ' s rate of metabolism simultaneou>J ) 3%
L Al Rt g 68 medium to high pH, high ATPfleS";raw‘;i
pH rather low Pi level; muscle Wl(hleahad 10d
+  Normal . N metabolism (PSE-prone musci¢/ "oy gf
s PSE.prone Fig. 6. Reiattgn%s between ATP pH, low to medium ATP lfy‘/i[h hl.gt;l
=  DFD AT generally high SP level; muscle ¥ }if

ultimate pH (DFD-prone muscle) L.
pH, low SP level and high Pi lev®
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