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Background: !

It is now possible to detect heterozygotes using the polymerase chain reaction, followed by restriction endonuclease, and electrOPhoreucndn’f
detection of modified DNA fragments (Fuji et al., 1991, Houde and Pommier, 1993). In pig production, crossing between normal SOWSV ol
boars is expected to give a large yield and lower fat (Zhang et al., 1992). In practice, however, both heterozygotes and normal pigs mﬂ)ﬂw
PSE meat (Jensen and Barton-Gade, 1985, Pommier and Houde, 1993) with poor water holding capacity (WHC), (Cheah et al., 1994) .
advantages of the DNA-based test are that it is highly accurate and able to identify heterozygotes but is not sufficient to elicit all the
susceptibility and to explain all PSE meat quality occurence (Cheah et al., 1994). It looks to be important modulating factors of the ¥
syndrome that must be present for full expression of the syndrome or if it is absent it is not observed (Fletcher et al | 1993). It was Sl?o‘vinthi
capacity of the muscle energetic metabolism (Chance et al., 1986) could be very important factor influencing and modulating Vﬂfm“o,n ol
expression of the MH syndrome and occurence of PSE meat quality. Phosphorus NMR spectroscopy has been applied in studies on ™
muscle energetic metabolism in vivo (Moesgaard et al., 1995, Scholz et al., 1995) also in vitro on bioptates (Miri et al., 1989, Shen et &
Lahucky et al., 1993).

Objectives: W

: . . ! : : oty ] nd
The aim of present study (performed in two experiments) was to determine energetic metabolism on entire pigs (experiment 1) and 0
biopsy (experiment 2) in heterozygotes and normal pigs using 31P NMR spectroscopy measurements.

Material and methods: usedm
DL pigs (18.5 - 55 kg live weight) were used in experiment 1. Twenty pigs (11 Duroc x Pietrain, 7 Duroc, 2 Slovak Meat White) \Yerﬂ ]lm“”
experiment 2. MH genotypes (normal, monomutant) were identified by DNA gene test (a ryanodine receptor - RYR 1 gene test using
chain reaction technique - PCR), (Fujii et al., 1991). df‘ﬂdl
To prevent movement during NMR measurements (experiment 1) pigs were anesthetized by intra muscular administration of Tilest 3" ol
positioning the pigs oxygen was administered. In vivo after obtaining five reference spectra pigs were exposed via face mask to ha"?t y oju,.
concentration of 2% in the semiopen system with oxygen (100 %) flow 3L/min. The maximum time of halothane exposure was limit® af,
minutes. But the halothane administration was stopped earlier before reaching the time limit after observing significant changes in the qorﬂ‘r
in consecutive spectra. For carcasses (slaughter weight for normal pigs average 66.3 kg, heterozygotes 58.4 kg), post mortem changes \ ¢
120 min) of inorganic phosphate (P;), phosphocreatine (PCr), adenosine triphosphate (ATP) were observed during the experiment (Bio Y
1.5/100, Bruker, Karlsruhe) and pH value were calculated (Moon, Richards, 1983). .”ﬂ)fﬂ’"
At about 80 kg live weight (experiment 2), a biopsy sample of approx. 1 g was taken by efficient spring loaded biopsy (BIOTECH, Ni Walif )
the right side of Longissimus dorsi muscle (LD). The biopsy sample was introduced into a 10 mm diameter tube filled with deuteral® Thfp‘
(D20) for NMR measurements for 50-60 min. The 31P NMR spectra were recorded at 121 Mhz on a VXR 300 (Varian) speclromc‘cr'S ¥
temperature was maintained at 39° C.The time of accumulation per spectrum was 7.6 min. The levels of the total content of phosph‘_’r Omll‘l’
compounds were expressed in percentage of the total content of phosphorus compounds. After finishing of NMR measurements (~5>‘at abo“::
from bioptate was also directly determined by combined glass electrode. The pigs were killed by electrostunning and exsanguinatlono o A
105 kg live weight. Samples were taken from LD at 1 hour after death for determination of pH (homogenisation of muscle in 5 mM ! e
pH 1 hour and 48 hour post-mortem were also determined directly on muscle tissue using combined glass electrode. The day after 12
cnductivity, external reflectance (520 and 630 nm) and drip loss determined on LD muscle.

The results are ‘expressed as means + s.e. and compared using t-tests.

Results and discussion: ; . ore‘h‘
Experiment 1: Plots of PCr/P; versus time obtained from the spectra of different MH genotypes have shown significant dlffoCl"lCeS
halothane exposure (Tab 1). The energy states characterised by PCr/P; and PCr/ATP were at heterozygotes higher to normal pigs-
In agreement to others (Decaniere et al., 1993) the higher basal intracellular ratio PCr/Pi or PCr concentrations observed in heterozy ;
(monomutant) might reflect a different fibre composition and/or an ,.endogenous* effect as a consequence of a higher than normal 5¢ and’
connected with an occurence of one allele (monomutant) of mutated of RYR 1 gene. At experimental condition (using 2.0 % vol. He
min administration) it was not able to find differences between heterozygotes and normal pigs during and after administration of ha
follows from post mortem results (Tab 2) using kinetic 31P NMR measurements were found significant differences between helcrozd)lc ¥
normal pigs in rate of PCr breakdown and pH changes. Results confirmed that slaughtering could exagerate breakdown of PCr and E»s 4 Ii§
process in different level in heterozygotes and normal pigs but inspite this normal quality of meat is expected also from heterozygot® N
slaughter weight (below 70 kg 1.w.). !
Experiment 2: To express the rate of the phosphorylated compounds, we used the ratio of either PCr or the sum of PCr and AT 3
inorganic phosphate (Pi) and sugar phosphate (SP). In order to be able to differentiate heterozygous pigs with propensity to produc® " 4

3 N o, g . able
PSE meat, we decided to use mean value for pH (1h post mortem, in homogenate) to devide all pigs in experiment. Results from Ta
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(Pq;d the heterozygote pigs that produced meat with pH 1 h>6.0 were closer to homozygous negative (normal) pigs. Significant differences
’Cﬂec(an P< 0.05) in all ante- and post-mortem traits were obtained between the PSE (pH < 6.0) heterozygous group and normal pigs (except
N mCe and ultimate pH). There were also some significant differences between the PSE heterozygous group and normal heterozygous pigs
Heg Ofem and mainly in post mortem values. In our experiment significant difference (P < 0.05) between the PSE heterozygous group with
F(ﬂUid . heterozygous group with pH > 6.0 were observed in the biopsy data of ratio PCr/(Pi + SP), (10 min). It seems the biopsy values for
EOerx Olume) anqd pH (F) introduced earlier by Cheah et al. (1995) are better for selecting Nn pigs with superior WHC. The heterozygotes in
N“Di Periments could be closer to normal pigs as was also recently shown by Lahucky et al. (1997) and the possibility the incidence of PSE in

s :
; ‘ould be influenced by poor pre- and/or post-slaughter management was discussed by Cheah et al., (1995).
3|§:°L“si0ns-
Bhierip, ,
kEI,W ing could exagerate breakdown of PCr and glycolytic process in different level in heterozygotes and normal pigs also at light (below 70

ReSull.s sfaughter weight (experiment 1).

™ M ante mortem NMR measurements (experiment 2) supported the possibility of a biopsy to predict of post mortem muscle

i : g ) 4 A .
SM rate and to differenciate PSE animals connected with the occurence of mutation on RYR 1 gene of pigs.

Ererences

i) o C., van Hecke, P., Vanstapel, F., Villé, H. and Geers, R (1993) J. Appl. Physiol. 75, 2, 955-962
lﬂche; Su, K., Zorzato, F., De Leeon, S., Khana, V.K., Weiler, J., O’Brien, P.J. and MacLennan, D.H. (1991) Science, 253, 448-451.

Ouge E, Calvo, P.A. and Rosenberg, H. (1993) British Journal of Anaesthesia 71, 410-417.

f

1 Yy, O Pommier, S.A. (1993) Meat Sci., 33, 3, 349-358.

;heah)’ > Leigh, JR ., J.S., Kent, J., McCully, K. (1986) Fedration Proc. 45, 2915-2920.
‘hﬁah 'L, Cheah, K.S., Lahucky, R., Kovac, L., Kramer, H.L. and McPhee, P.C. (1994) Meat Sci. 38, 375-384

¥ tﬂsm: e Cheah, A M. and Krausgrill, D.L. (1995) Meat Sci., 39, 293-300.
by, * 3d Barton-Gade, P.A. (1985) EAAP Pubication, No. 33, 80-87.

k gy Mojto, J., Poltarsky, J., Miri, A., Renou, J.P., Talmant, A. and Monin, G.(1993) Meat Sci. 33, 373-384.

eri,A.’ » Christian, L.L., Kovac, L., Stalder, K.J. and Bauerova, M. (1997) Meat Sci. 47, 3/4, 277-285

}WSga;rdahUCky, R., Talmant, A, Renou, J.P. and Monin, G. (1989) Proceed. 38th ICOMST, Copenhageq, Denmark, 4 p.
gt“bn,R B’ B, Quistorf, B., Grosfield Christensen, V., Jorgensen, I.T. and Jorgensen, P.F. (1995) Meat Sci. 39, 43-57
1 and Richards, J.H. (1973) J. Biol. Chem. 242, 7267-7277

o Lahuycky, R., Kovac. L. and O Brien, J.P. (1992) Pig News and Inform., 13, 3, 105N-109N.

‘ha"g,,w' and Hardge, T. (1994) Arch. Tierz., Dummerstorf 37, 3, 245-256.
B Kuhlers, D.L. and Rempel, W.E. (1992) J. Anim. Sci., 70, 1307-1313
Tah
1R,
@Cr/l)i in rest biceps femoris Tab 2 Kinetic parameters for post mortem PCr and Pi biceps femoris
Jgno
N W PCr/Pi PCr/ATP Genotyp k(min")(x 10%) t,2(PCr)
NN('“I? PCr Pi min
' ’"(n§]6") 7.17+1.64 3.67 +0.61 NN (n=9) 246 +0.37 1.47+0.60 28.1 + 49
b- ) 856+230 390 +0.68 Nn (n=5) 3.17+0.34 0.72+0.43 219 + 2.6
iy
e
\ &S between genotypes are significant at P <0.05
1< Fable3
~‘ia|u .
4 a‘ 4
on of PCr/(Pi + SP) and (PCr + ATP)/(Pi + SP) in biopsies and meat quality of heterozygous and normal pigs
min Nn NN
pH<6.0 pH>6.0
(n=7) (n=6) (n=7)
R Xddidii g X/ idiies MeedbS
*Sp) 10 065 03° 0.99 0.1°° 126 03
( 30 .11 0.1 0:15..0,1° 0.25 0'11:
IR AT 50 0.05 0.0° 0.07 0.0 0.13 0.0
A g T 10 140 02 171 02 200 04"
\ ) 30 039 0.1° 044 0.1° 062 0.1°
GHSE-"“’nem 50 0.18 0.1° .25 0% 033 01°
0 lgd
| Py 2cet.) Ih 573 0.2° 6.13 0.1° 633 0.1°
| Mlogy 1y 24h 1130 2.2° 550 18" 414 09"
j% %) 48h 7.76  0.4° 6.61 3.7° 530 0.9°
U

AR
Vith different superscripts are different at P < 0.05
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