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Abstract  
The aim of the investigations was to analyse the share of myosin heavy chains (MHC) 
isoforms (type I, IIa, IIb, and IIx) in the longissimus thoracis et lumborum muscle derived 
from pigs of different RYR1 genotypes (TT – homozygous negative, CT – heterozygous,  
CC – homozygous positive). The composition of the MHC isoforms in the muscle tissue of 
the examined animals was referred to selected meat quality traits. It was revealed that 
the animals with the CT and TT genotypes were characterized by a significantly (P≤0.05) 
lower share of the type I and higher share of the type IIb MHC isoform in comparison to 
homozygotes CC. Inferior tenderness and water holding capacity of meat obtained from 
pigs susceptible to stress (TT) at 144 h after slaughter could have been associated, among 
others things, with the increased share of MHC isoform type IIb. The composition of MHC 
isoforms might be a useful indicator in breeding work in the selection of animals carrying 
the gene of susceptibility to stress. 
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Zusammenfassung 
Zusammenhang zwischen dem Myosin Polymorphismus und  
ausgewählten qualitativen Fleischmerkmalen bei Schweinen 
mit unterschiedlicher Stressempfindlichkeit 

Analysiert wurden verschiedene Isoformen für die schweren Ketten des Myosins (MHC) 
der Typen I, IIa, IIb und IIx im Rücken- und Lendenmuskel (M. longissimus thoracis et 
lumborum) von Schweinen verschiedener Ryanodin-Rezeptoren (TT – homozygot negativ, 
CT – heterozygot, CC – homozygot positiv). Die verschiedenen MHC-Isoformen im Muskel-
fleisch wurden mit ausgewählten Fleischqualitätsmerkmalen verglichen. Tiere der Genotypen 
CT und TT waren im Gegensatz zu den homozygoten CC-Typen durch einen geringeren 
Anteil des Isoform-MHC-Typs I und einen größeren Anteil des Typs IIb charakterisiert. 
Geringere Zartheit und Wasserbindungsvermögen des Fleisches 144 Stunden nach der 
Schlachtung könnte bei den stressempfindlicheren TT-Schweine neben anderen Gründen 



GRZEŚ et al.: Relationships between the MHC polymorphism and meat quality of pigs 

 

66 

mit einem höheren Anteil des Isoform-MHC-Typs IIb im Zusammenhang stehen. Die 
Zusammensetzung der MHC-Isoformen stellt möglicherweise einen nützlichen Indikator 
für die Zuchtarbeit zur Eliminierung von Genen der Stressanfälligkeit dar.  

Schlüsselwörter: Schwein, Ryanodin-Rezeptor, RYR1, Myosin schwere Ketten (MHC), 
    MHC-Isoformen 

Introduction  
Quality of pork depends on many factors, among which a special role is played by genetic 
factors (SELLIER and MONIN 1994, VON LENGERKEN et al. 1994, DE VRIES et al. 2000).  
A major gene determining meat quality and susceptibility of pigs to stress is the 
ryanodine receptor gene (RYR1), previously known as the halothane gene (HAL) (FUJII et al. 
1991, SELLIER and MONIN 1994, LUNDSTRÖM et al. 1995, DOVC et al. 1996, KOĆWIN-
PODSIADŁA et al. 2000, KRZĘCIO et al. 2004, KUSEC et al. 2005, WOJTYSIAK and MIGDAŁ 
2007). A mutated allele of RYRT is responsible for the occurrence of the PSE defect of 
meat, especially in pigs with high meat contents in the carcass. An additional adverse 
effect of these anomalies is the occurrence of malignant hyperthermia (the MH 
syndrome), resulting in the denaturation of contractile protein (myosin) and sarcoplasmic 
protein (myoglobin), and thus in the deterioration of many meat quality attributes 
(BOLES et al. 1991, LUNDSTRÖM et al. 1995, MARTENS 1998). 
  The adverse effect of the RYR1 gene on meat quality, as well as its processability and 
eating quality, was confirmed in numerous studies (BOLES et al. 1991, DE SMET et al. 
1998, ESSÉN-GUSTAVSSON et al. 1992, LUNDSTRÖM et al. 1995, GÖDEKE et al. 1998, 
THALLER et al. 2000, KRZĘCIO et al. 2004). Significant dependencies were found between 
traits of muscle fibres, susceptibility to stress and meat quality (ESSÉN-GUSTAVSSON et al. 
1992, FIEDLER et al. 1993, 2001, PEDERSEN et al. 2001, DEPREUX et al. 2002, EGGERT et al. 
2002, RYU and KIM 2005). The discovery of immunohistochemical methods made it 
possible to distinguish types of muscle fibres based on specific isoforms of myosin heavy 
chains (MHC) (SCHIAFFINO and REGGIANI 1996, GREASER et al. 2001, PONSUKSILI et al. 
2008) and relate them to muscle quality.  
 The aim of the study was to analyze the proportions of isoforms of myosin heavy 
chains (MHC) in m. longissimus thoracis et lumborum collected from pigs with different 
RYR1 genotypes. The composition of MHC isoforms in the muscle tissue of tested animals 
was referred to selected quality attributes of their meat. 

Material and methods  
The experimental material was m. longissimus thoracis et lumborum, which was collected 
from a total of 66 porcine half-carcasses, including 36 crossbred fatteners (Landrace × 
Yorkshire) × Duroc [(L×Y)×Dur] and 30 fatteners of Line 890 (Line 990 × Pietrain) with 
varied susceptibility to stress. The parental generation of (L×Y)×Dur crosses was imported 
from Denmark. Porkers of Line 890 were obtained from the Experimental Farm, 
Pawłowice, and were maintained at the Experimental Animal Nutrition Farm, Gorzyń 
belonged to Poznań University of Life Sciences. Feeding of animals from which muscles 
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were collected, as well as their management conditions, were controlled. Genotypes of 
analyzed animals in terms of locus RYR1 were identified using PCR-RFLP (FUJII et al. 1991). A 
total of 30 animals were diagnosed with genotypes CC, 18 – with genotype CT, and 12 – with 
genotype TT. Only (L×Y)×Dur crosses were free from the gene of susceptibility to stress.  
 Pigs were slaughtered under standard abattoir conditions using electrical stunning. 
Samples (2-5 g) for electrophoretic analyses were collected 45 min after slaughter from 
the longissimus muscle and stored at −80 °C until analyzed. The remaining part of the 
analyzed muscle after cooling was divided into two halves, of which the thoracic section 
(thoracis) was used in analyses after 48 h, while the lumbar section (lumborum) 144 h 
after slaughter. Prepared portions (of 400-600 g) after vacuum packaging were 
transported to the laboratory under cold-storage conditions in order to assess tenderness 
and water holding capacity of meat from analyzed animals. 
 Electrophoretic analyses concerned the determination of isoforms of myosin heavy 
chains (MHC). Their separation in the fraction of washed myofibrils collected from the 
muscle tissue 45 min after slaughter was run in 8 % PAGE-SDS (MOZDZIAK et al. 1998) 
with an SE 260 apparatus by Hoefer Scientific Instruments. Washed myofibrils were 
collected as a result of double washing of the muscle tissue with a phosphate buffer 
solution, the rigor buffer (75 mM KCL, 10 mM KH2PO4, 2 mM MgCl2, 2 mM EGTA with pH 7.0, 
0.1 M PMSF) (FRITZ et al. 1989). Each sample transferred onto gel contained 0.5 μg protein. 
Electrophoresis was run at a constant voltage of 70 V at 4 °C for 24 h. After the separation 
was completed gels were stained in a solution containing 0.05 % Coomasie blue R-250, 
45 % methanol and 9.2 % acetic acid and next destaining in a mixture of 10 % methanol 
and 7.5 % acetic acid. Quantitative analysis of separated bands of MHC isoforms was 
conducted with an Image Master VDS scanning densitometer by Pharmacia, using Image 
Master1D Elite version 4.00 software. Computations were based on the assumption that 
the area of a single protein band accounts for a percentage ratio in relation to the area of 
all separated proteins in a given sample on gel, which constitutes 100 %.  
 Instrumental assessment of meat tenderness was conducted on the basis of shear 
force required to cut 10×10 mm samples in an Instron 1140 universal testing machine 
with a Warner-Bratzler device (WBSF), following thermal processing. Meat slices with a 
thickness of 25-30 mm were heated in a Rational Combi convection oven in hot air at 
160 °C for approx. 15 min (GRZEŚ et al. 2005).  
 Sensory examination of meat tenderness on heated meat samples was conducted using the 
linear scaling method (ADAMIK 1997, BARYŁKO-PIKIELNA 1990). Desirability scores were 
analyzed in a 0-10 point scale (»0« corresponded to very tough meat, »10« to very tender meat). 
 Water holding capacity was determined based on centrifugal and thermal drip from 
the muscle tissue (HONIKEL 1987) as a result of centrifugation (at 25 000× g for 20 min at 
20 °C) or heating, respectively. The volume of drip, expressed in per cent, was calculated 
from the difference of meat weights before and after centrifugation or heating. 
 Results were subjected to a one-way analysis of variance (ANOVA) in an non-
orthogonal system due to the unequal number of animals in the treatments using 
Statistica 8.0 PL software (STANISZ 2000). The significance (P≤0.05) of differences 
between the animal groups segregated according to the RYR1 genotypes for individual 
meat quality traits was determined using the Fisher test. 



GRZEŚ et al.: Relationships between the MHC polymorphism and meat quality of pigs 

 

68 

Results 
Results of the analysis of variance presented in the table showed a statistically significant 
(P≤0.05) effect of the gene of susceptibility to stress (RYR1) on the composition of muscle 
fibres corresponding to specific isoforms of myosin heavy chains (MHC), as well as 
tenderness and water holding capacity of meat in case of analyzed pigs. 
 Out of the analyzed four types of MHC isoforms (I, IIa, IIb, and IIx) the content of only 
two of them, i.e. IIb and I, was significantly (P≤0.05) varied between analyzed RYR1 
genotypes (Table). At the same time it was observed that the proportion of MHC isoform 
type IIb (corresponding to fast glycolytic fibres) was significantly (P≤0.05) higher in the 
groups of CT (68.87 %) and TT fatteners (68.87 %) in comparison to CC animals (62.76 %). 
In turn, shares of MHC isoform type I (corresponding to slow oxidative fibers) was 
significantly (P≤0.05) lower in the group of RYR1T carriers (3.24 % for CT, 3.70 % for TT) in 
comparison to animals which were not carriers of this gene (9.33 %). 
 Analysis of meat tenderness both in case of instrumental and sensory examination 
showed significant (P≤0.05) dependencies only at 144 h after slaughter (Table). At that 
time point a significantly (P≤0.05) lower shear force value, i.e. superior tenderness, was 
recorded for stress resistant animals (CC) (33.79 N/cm2) in comparison to both CT (47.33 
N/cm2) and TT groups (47.61 N/cm2). In turn, in sensory examination of tenderness 
significant (P≤0.05) differences were found between TT (5.63 points) vs. CT (6.98 points) 
and CC genotypes (7.31 points). 
 
Table  
Effect of the RYR1 gene on selected meat quality traits  
Einfluss des RYR1 Gens auf ausgewählte Fleischeigenschaften  

Genotype RYR1 Selected traits 
CC, n=36 CT, n=18 TT, n=12 

Share of MHC isoforms in the longest muscle, % 
   Type IIa/IIx 
   Type IIb 
   Type I 

27.91a ± 8.98 
62.76a ± 8.84 

9.33b ± 2.46 

25.97a ± 6.89 
70.80b ± 7.39 

3.24a ± 1.40 

27.75a ± 5.73 
68.87b ± 6.54 

3.70a ± 1.33 

Shear force, N/cm2 
      48 h 
   144 h 

 
61.21a ± 20.22
33.79a ± 5.48 

 
65.33a ± 14.29
47.33b ± 15.45

 
65.29a ± 6.69 
47.61b ± 16.38 

Tenderness, scores 
      48 h 
   144 h 

 
6.60a ± 1.18 
7.31b ± 1.06 

 
6.59a ± 1.60 
6.98b ± 1.74 

 
6.12a ± 1.21 
5.63a ± 1.56 

Centrifugal drip, % 
      48 h 
   144 h 

 
20.22a ± 3.16 
13.66a ± 4.63 

 
20.83ab ± 1.98 
14.82ab ± 3.79 

 
22.51b ± 3.22 
17.57b ± 4.74 

Thermal drip, % 
      48 h 
   144 h 

 
24.75a ± 7.38 
23.99a ± 8.90 

 
29.76b ± 2.34 
29.56b ± 2.48 

 
31.03b ± 2.34 
30.55b ± 2.71 

a,bMean values from the same row with various letters differ statistically significantly at P≤0.05. 
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Analysis of water holding capacity based on the volume of centrifugal and thermal drip 
showed statistically significant (P≤0.05) dependencies both at 48 h and 144 h after 
slaughter (Table). In that case volumes of centrifugal drip were significantly (P≤0.05) 
varied between TT (after 48 h – 22.51 %, after 144 h – 17.57 %) and CC homozygotes 
(after 48 h – 20.22 %, after 144 h – 13.66 %). In turn, volumes of thermal drip were 
significantly (P≤0.05) varied between CC (after 48 h – 24.75 %, after 144 h – 23.99 %) and 
CT (after 48 h – 29.76 %, after 144 h – 29.56 %) and TT groups (after 48 h – 31.03 %, after 
144 h – 30.55 %). The lowest volumes of centrifugal and thermal drip were recorded for 
meat sampled from stress resistant animals (Table). 

Discussion  
In porcine skeletal muscles four types of muscle fibres (I, IIA, IIB and IIX) are distinguished, 
in which specific isoforms of myosin heavy chains (MHC) are found (SCHIAFFINO and 
REGGIANI 1996, DEPREUX et al. 2002, EGGERT et al. 2002, CHANG et al. 2003, MELODY et 
al. 2004, DA COSTA and CHANG 2005, RYU and KIM 2005, CHOI et al. 2007, WOJTYSIAK 
and MIGDAŁ 2007). Type I fibres are known as slow oxidative fibres, type IIB – as fast-
twitch glycolytic fibres, while types IIA and IIX – as intermediate, oxidative glycolytic 
fibres. Electrophoretic separation of MHC isoforms in the analyzed porcine muscle (m. 
longissimus thoracis et lumborum) showed the presence of four types of MHC isoforms. At 
the same time, we need to stress here the unseparated bands of MHC isoforms types IIa 
and IIx (Figure). The above phenomenon was also observed in a study by MELODY et al. 
(2004). 
 
 
 

 
 
Figure 
Electrophoretic separation of MHC isoforms in the longissimus thoracis et lumborum muscle obtained 
from pigs of different RYR1 genotypes (8 % PAGE-SDS) 
Elekrophoretische Trennung der MHC Isoformen im Schweinemuskel (M. longissimus thoracis et lumborum) mit 
verschiedenen RYR1 Genotypen (8 % PAGE-SDS) 

 
It results from earlier studies that individual types of fibres mature in a specific order (I ↔ 
IIA ↔ IIX ↔ IIB) (PETTE and STARON 1997) and later maturating fibers as well as fibres 
with a larger cross-section area are related, among things, with deteriorating meat 
quality (LEFAUCHEUR and GERRARD 2000). In this study a higher proportion of MHC 
isoforms type IIb was recorded in the group of pigs – RYR1T carriers (TT and CT). At the 
same time meat sampled from that group of animals was characterized by inferior 
tenderness and water holding capacity in comparison to animals which did not carry the 
gene of susceptibility to stress. This probably resulted from an increased amount of fast 

Myosin heavy chains isoforms

       CC                CC                CC                CT                 CT               TT                 TT 

 Type IIb Type IIa/IIx 
Type I 
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glycolytic fibres, as it was previously indicated also by other researchers (ESSÉN-
GUSTAVSSON et al. 1992, DEPREUX et al. 2002, EGGERT et al. 2002, FIEDLER et al. 2001, 
WOJTYSIAK and MIGDAŁ 2007). At the same time they observed that the effect of fibre 
types on meat quality in pigs was more evident in the group of RYR1T carriers than in the 
group of animals which did not carry that gene. Thus it became possible to use the 
composition of MHC isoforms in the selection of animals exhibiting susceptibility to 
stress (MARTENS 1998, DEPREUX et al. 2002, EGGERT et al. 2002, DA COSTA and CHANG 
2005, LEFAUCHEUR 2006, CHOI et al. 2007). 
 Conducted studies showed a statistically significant (P≤0.05) effect of the RYR1 gene 
on the proportion of isoforms of myosin heavy chains (MHC) type IIb (corresponding to 
fast glycolytic fibres) and type I (corresponding to slow oxidative fibres) in the muscle 
tissue of tested fatteners. 
 Carriers of the RYR1T gene (TT and CT) were characterized by a significantly (P≤0.05) 
lower share of MHC isoforms type I and a higher proportion of MHC isoform type IIb in 
comparison to animals resistant to stress (CC). 
 Inferior tenderness (higher values of shear force in instrumental analysis and lower 
scores in sensory examination), as well as water holding capacity (bigger volume of 
centrifugal and thermal drip) of meat collected from pigs susceptible to stress (TT) at 144 h 
after slaughter could have been related, among other things, with increased contents of 
MHC isoforms type IIb.  
 The composition of MHC isoforms might be a useful indicator in breeding work in the 
selection of animals carrying the gene of susceptibility to stress. 

References 
Adamik A (1997) Basic methods in sensory analysis. Meat Industry 11, 34-7 [in Polish] 
Baryłko-Pikielna N (1990) New and amended methods of sensory analysis used in research laboratories 
 on food. Development in food analysis. Vol. II In: Selected issues of sensory and physico-chemical 
 analysis. Tyszkiewicz S (ed), Warsaw, 1-13 [in Polish] 
Boles JA, Parrish FC, Skaggs CL, Christian LL (1991) Effect of porcine somatotropin, stress susceptibility, 
 and final end point of cooking on sensory, physical and chemical properties of pork chops. J Anim 
 Sci 69, 2865-70 
Chang KC, DA Costa N, Blackley R, Southwood O, Evans G, Plastow G, Wood JD, Richardson RI (2003) 
 Relationship of myosin heavy chain fibre types to meat quality traits in traditional and modern pigs. 
 Meat Sci 64, 93-103 
Choi YM, Ryu YC, Kim BC (2007) Influence of myosin heavy- and light chain isoforms on early 
 postmortem glycolytic rate and pork quality. Meat Sci 76, 281-8 
Da Costa N, Chang K-C (2005) Molecular characterisation of the porcine skeletal myosin heavy chain 
 cluster and a major candidate regulatory domain. Arch Tierz 48 Special Issue, 32-9 
Depreux FFS, Grant AL, Gerrard DE (2002) Influence of halothane genotype and body-weight on myosin 
 heavy chain composition in pig muscle as related to meat quality. Livest Prod Sci 73, 265-73  
De Smet S, Bloemen H, VAN DE Voorde G, Spincemaille G, Berckmans D (1998) Meat and carcass quality 
 in two pigs lines of different stress-susceptibility genotype and their crosses. Anim Sci 66, 441-7 
De Vries AG, Faucitano L, Sosnicki A, Plastow GS(2000) The use of gene technology for optimal 
 development of pork meat quality. Food Chem 69, 397-405 
Dovc P, Salehar A, Kovac M, Kastelic M (1996) Frequency of the RYR1 n allele and its influence on 
 fattening traits. Arch Tierz 39, 441-6 
Eggert JM, Depreux FFS, Schinckel AP, Grant AL, Gerrard DE (2002) Myosin heavy chain isoforms account 
 for variation in pork quality. Meat Sci 61, 117-26 



Arch Tierz 53 (2010) 1, 65-72 

 

71 

Essén-Gustavsson B, Karlström K, Lundström K (1992) Muscle fibre characteristics and metabolic 
 response at slaughter in pigs of different halothane genotypes and their relation to meat quality. 
 Meat Sci 31,1-11 
Fiedler I, Ender K, Wicke M, Von Lengerken G (1993) Relationships between microstructure of muscle 
 tissue and stress sensibility in Landrace pigs. Arch Tierz 36, 525-38 [in German] 
Fiedler I, Kuhn G, Hartung M, Küchenmeister U, Nürnberg K, Rehfeld C, Huber K, Klosowska D (2001) 
 Effects of the malignant hyperthermia syndrome (MHS) on meat quality, muscle fibre characteristics 
 and metabolic traits of the m. longissimus in Pietrain pigs. Arch Tierz 44, 203-17 [in German] 
Fritz JD, Swartz DR, Greaser ML (1989) Factors affecting polyacrylamide gel electrophoresis and 
 electroblotting of high-molecular-weight myofibrillar proteins. Anal Biochem 180, 205-10 
Fujii J, Otsu K, Zorzato F, DE Leon S, Khanna VK, Weiler JE, O’Brien PJ, Lennan DH (1991) Identification of a 
 mutation in porcine ryanodine receptor associated with malignant hyperthermia. Science 253, 448-51 
Gödeke K, Glodek P, Meyer JN, Brandt H (1998) Effect of the MHS stress gene upon meat production and 
 meat quality in progeny of Pietrain- and (Pietrain x Hampshire)-crossbred boars. Arch Tierz 41, 433-
 46 [in German] 
Greaser ML, Okochi H, Sosnicki AA (2001) Role of fiber types in meat quality. In: Proc 47th ICoMST 
 Kraków I, 34-7 
Grześ B, Pospiech E, Koćwin-Podsiadła M, Krzęcio E, Łyczyński A, Zybert A, Mikołajczak B, Iwańska E 
 (2005) Analysis of the causes of meat quality variations in pigs with identical genotype. Pol J Food 
 Nutr Sci 14/55 Special Issue 1, 59-63 
Honikel KO (1987) Critical evaluation of methods detecting water-holding capacity in meat. In: 
 Accelerated processing of meat. Edited by Romita A, Valin C, Taylor AA, Elsevier App Sci Publ Ltd, 
 London, 225-39 
Koćwin-Podsiadła M, Zybert A, Krzęcio E (2000) The influence of carcass weight of fatteners with 
 different HAL genotype on carcass leannes and selected traits. In: Proc 46th ICoMST Buenos Aires, 
 92-3 
Krzęcio E, Antosik K, Koćwin-Podsiadła M, Zybert A., Sieczkowska H, Kurył J, Łyczyński A (2004) Quality 
 and technological value of meat from porkers of six genetic groups as related to RYR1T gene. Anim 
 Sci Pap Rep 22, Suppl. 3, 19-30 
Kusec G, Baulain U, Henning M, Köhler P, Kallweit E (2005) Fattening, carcass and meat quality traits of 
 hybrid pigs as influenced by MHS genotype and feeding system. Arch Tierz 48, 40-9 
Lefaucheur L (2006) Myofibre typing and its relationsip to growth performance and meat quality. Arch 
 Tierz 49 Special Issue, 4-17 
Lefaucheur L, Gerrard D (2000) Muscle fiber plasticity in farm mammals. J Anim Sci 77, 1-19 
Lundström K, Karlsson A, Håkansson J, Hansson I, Johansson M, Andersson L, Andersson K (1995) 
 Production, carcass and meat quality traits of F2-crosses between European wild pigs and domestic 
 pigs including halothane gene carriers. Anim Sci 61, 325-31 
Martens H (1998) Physiology of the muscle and the MHS-gene in pigs – a basis of discussion for 
 breeding out the mutated ryanodin-receptor of pigs in Germany. Arch Tierz 41, 179-92 [in German] 
Melody JL, Lonergan SM, Rowe LJ, Huiatt TW, Mayes MS, Huff-Lonergan E (2004) Early postmortem 
 biochemical factors influence tenderness and water-holding capacity of three porcine muscles. J 
 Anim Sci 82, 1195-205 
Mozdziak PE, Greaser ML, Schulz E (1998) Myogenin, MyoD and myosin expression after 
 pharmacologically and surgically induced hypertrophy. J Appl Physiol 84,1359-64 
Pedersen P Herfort, Oksbjerg N, Karlsson AH, Busk H, Bendixen E, Henckel P (2001) A within litter 
 comparison of muscle fibre characteristics and growth of halothane carrier and halothane free 
 crossbreed pigs. Livest Prod Sci 73, 15-24 
Pette D, Staron RS (1997) Mammalian skeletal muscle fiber type transitions. Int Rev Cytol 170,143-223 
Ponsuksili S, Trong Ngu N, Murani E, Schellander K, Wimmers K (2008) Relative abundance of MyHC 
 isoform transcripts and its association with muscularity and meat quality. Arch Tierz 51 Special Issue, 40 
Ryu YC, Kim BC (2005) The relationship between muscle fiber characteristics, postmortem metabolic 
 rate, and meat quality of pig longissimus dorsi muscle. Meat Sci 71, 351-7 
Schiaffino S, Reggiani C (1996) Molecular diversity of myofibrillar proteins: gene regulation and 
 functional significance. Physiol Rev 76, 371-423  
Sellier P, Monin G (1994) Genetic of pigs meat quality: a review. J Muscle Foods 5,187-219 
Stanisz A (2000) Accessible course of statistics using a STATISTICA PL program on the examples from 
 medicine. Vol II StatSoft Poland Inc. Kraków [in Polish]  



GRZEŚ et al.: Relationships between the MHC polymorphism and meat quality of pigs 

 

72 

Thaller G, Dempfle L, Schlecht A, Wiedemann S, Eichinger H, Fries R (2000) Effects of the MHS locus on 
 growth, carcass and meat quality traits in F2 crosses between Mangalitza and Piétrain breeds. Arch 
 Tierz 43, 263-75 
Wojtysiak D, Migdał W (2007) Differences in muscle fibre composition and tenderness of m. longissimus 
 lumborum between heterozygous and homozygous negative Polish Landrace pigs for the RYR1. Arch 
 Tierz 50 Special Issue, 186-93  
Von Lengerken G, Maak S, Wicke M, Fiedler I, Ender K (1994) Suitability of structural and functional traits 
 of skeletal muscle for the genetic improvement of meat quality in pigs. Arch Tierz 37, 133-43  

 
 

Received 7 January 2009, accepted 18 December 2009. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Corresponding author: 

BOŻENA GRZEŚ 
email: bgrzes@up.poznan.pl 
Institute of Meat Technology, Faculty of Food Science and Nutrition, Poznań University of Life Sciences, 
Wojska Polskiego 31, 60-624 Poznań, Poland  



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


