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The study aimed at determining whether the quality traits of pork are related to the genotype at
loci CAST/Mspl and MYOG and whether an interaction exists between them, affecting the pork
quality traits. The analyses were conducted on 397 porKkers free of gene RYRI" of the five following
purebred and crossbred groups: Landrace, Landrace x Yorkshire, Landrace x Duroc, (Landrace
x Yorkshire) x Duroc, and (Landrace x Yorkshire) x (Duroc x Pietrain) — 91, 65, 129, 83 and 29
animals, respectively. Among the quality and basic chemical composition traits of pork, the pH
value, measured from 24 to 144 h post-mortem, depended significantly on the CAST/Mspl genotype,
while the electric conductivity in meat, measured from 35 min to 24 h post-mortem, depended on the
genotype MYOG. No significant effect of CAST/Mspl x MYOG interaction was found on meat quality
traits and its basic chemical composition.
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Genes RYRI and RN are called the major genes of carcass and meat quality traits
in pigs [Sellier and Monin 1994]. Their effect on carcass and pork quality indicators
was confirmed by numerous studies conducted on different purebred and crossbred
pigs [Przybylski et al. 1996]. Despite this, however, among animals of the same breed
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and genotype at locus RYRI one may observe significant differences as regards certain
indicators of both carcass and meat quality. It is, therefore, necessary to identify other
genes determining the phenotypic differentiation of animals in relation to these traits
[Koéwin-Podsiadta et al. 2006]. The understanding of metabolic routes related to the
development and physiology of the muscle and fat tissues, as well as of the metabolic
processes taking place in the muscle post-mortem, may indicate that one should
examine genes in relation to their effect on those traits. Among the genes engaged in
the development and metabolism of the muscle tissue are those of calpastatins (CAST)
and myogenins (MYOG).

Calpain-calpastatin system plays an important role in the post-mortem protein
proteolysis, thus deciding about many meat quality traits, among others its tenderness,
water binding capacity and drip loss [Melody et al. 2004].

The studies presented here aimed at evaluating the effect of the genotype at
loci MYOG and CAST on meat quality properties, as well as estimating the effect of
interaction between them on the traits examined in porkers free of gene RYRI".

Material and methods
Animals

The investigations covered 397 porkers, including purebred Landrace and the
following crossbred pigs: Landrace x Yorkshire, Landrace x Duroc, (Landrace x
Yorkshire) x Duroc, and (Landrace x Yorkshire) x (Duroc x Pietrain) — 91, 65, 129,
83 and 29 animals, respectively, all free of gene RYRI".

Relations examined

Quality of fresh and cooled meat was evaluated post-slaughter of the longissimus

dorsi (LD) muscle on the basis of the following parametres:

— pH measured directly in the LD muscle 35 min, 2 h, 3 h, 24 h, 48 h, 96 h
and 144 h post-mortem with a MASTER pH-meter (DRAMINSKI) and 45 min
post-mortem in a water homogenate of the LD tissue, according to the Polish
Standard PH-77/A-82058, using a CP-311 pH-meter (ELMETRON) with a
combined glass electrode type OSH-10-OO0;

—electric conductivity (EC) measured with a LF-Star conductometer (MATTHAUS)
35 min, 2 h, 3 h and 24 h post-mortem;

— colour brightness (L*) of the LD muscle tissue, measured with MINOLTA
CR310 apparatus, 24 h post-mortem;

— rate of ATP breakdown, expressed by indicator R1 = IMP/ATP, determined 45
min post-mortem according to Honikel and Fischer [1977];

— water holding capacity (WHC), determined 24 h post-mortem with the filter paper
method according to Grau and Hamm [1952] as modified by Pohja and Ninivaara
[1957];
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— drip loss, determined according to Prange et al. [1977], 48 h, 96 h and 144 h
post- mortent;

—meat yield in the process of curing and cooking (72°C), expressed by indicator
TY, according to Naveau et al. [1985], as modified by Ko¢win-Podsiadta et al.
[2004].

The samples cut from the longissimus lumborum (LL) muscle 45 min post- mortem
were analysed for the glycolytic potential and content of glycogen and lactic acid.
The contents of glycogen, glucose and glucose-6-phosphate were determined with the
enzymatic method according to Dalrymple and Hamm [1973], while the level of lactic
acid according to Bergmeyer [1974].

The glycolytic potential of the muscle, measured in micromoles of lactic acid per 1
g of tissue, was calculated according to the formula recommended by Monin and Sellier
[1985].

Moreover, samples obtained from the LD muscle were analysed for the basic
components, i.e. water and dry matter contents according to Polish Standard PN-73/
A82110, total protein (after Kjeldahl) according to PN-75/A04018 and intramuscular
fat (after Soxhlet) according to Polish Standard PN-73/A82111.

The genomic DNA was isolated from blood leukocytes according to Kawasaki
[1990]. Genotypes CAST/Mspl and MYOG were identified with the PCR/RFLP
method according to Ernst ez al. [1998] and Soumillion et al. [1997], respectively.

The AA genotype at MYOG locus was not found in analysed pigs. The remaining
genotypes at that locus (AB, BB) and all three genotypes at CAST/Mspl locus (A4, AB,
BB) were present in all the genetic groups analysed.

Statistical

The effect of genotypes CAST and MYOG on the basic composition and quality
properties of meat was determined using a two-factor analysis of variance in an non-
orthogonal arrangement. The statistical model comprised: CAST and MYOG genes
polymorphism and their interactions:

Y, =uta+ bj—l— abij te,
where:
Y,,— the meat quality trait;
1 — the overall mean;
a,— the effect of CAST genotype, i =1, 2, 3;
b— the effect of MYOG genotype, j =1, 2;
ab[jf the effect of the interaction between CAST and MYOG genotypes;
€ the random error.

Significance of differences between means was identified with the NIR test
[STATISTICA 1997, PL 5.1].

19



E. Krzecio et al.

su su 66'TF 86'CF su 88°CF 9T'¢F 68°TF
970 ¥9'C 80°tS €9'vS 80 6€'1S €S LOYS A'130 (+7T) ssouwysLiq Jeoy
su i [4NES LTTF su LTTF YU TF €T+
6v°0 S6'¥v1 vE£9°€ 0Tt Ly'1 88°¢ 89°¢ 68'¢ (wo/sw) Yoy
su e 08°0F 90 TF su ¥8'0F 98°0F SOTF
¥S'l €€l JF0°€ g6€°€ Wl L0'€ 0z'¢ LTE (wo/sw) €7
su su €8'0F 88°0F su 68°0F 9L°0F ¥6'0F
16°0 69°0 9I°¢ LOE Sa! 8I°¢ 90°¢ 81°¢ (wo/sw) 2Oy
su i SSOF 10T+ su 68°0F 89°0F €8°0F
(454 SISI V8E€ g6L°€ SLT S9'Y €5°¢ She (wo/sw) €O
su su v0'0F S0'0F su €0°0F SO0F SO'0F
YL L8] 68°0 060 19°C 68°0 680 06°0 R
su su 4K €I oF wx 1T0F €I OF €I oF
6CC ¥$'T 8'S 0SS L6V WL¥'S avbb'S 4€8°S a1 tHd
su su 1T0¥F A3 wx 80°0F [A¥3 AN
020 0L°0 ws €S 106 V6€'S A 29F'S a7 %Hd
su * [4K0:3 01°0F x AN 1T0¥F [A¥:3
09°0 89°'S £7°S IS vy LPS s JL¥'S a7 svHd
su su 0¥ [10F xx 110 €I0F 01'0F
81°0 170 09°S 096 179 +8S°S V6S°S 4£9°'S a1 Hd
su su €TOF 61°0F su TOF TTOF €TOF
11! v1'C 179 ST9 650 179 ST9 029 a7 tHd
su su LTOF 0T 0F su €TOF LTOF €TOF
€20 Se'1 LE9 0r'9 00 8¢9 6€9 8¢9 a1Hd
su su 6T 0F LTOF su 0€'0F 8T 0F STOF
80°0 ¥T0 S€9 ¥€'9 (44! €9 LE9 9¢'9 aTvHd
su su 91'0F 81°0F su 8I'0F 91°0F 81°0F
zro L0 09°9 099 7o 09'9 099 659 a1eHd
g dws (9sz=)  (I¥1=w) dws Fer=w)  (g91=0)  (00I=w)
- g9 qv 99 qv 44 Mery,
i DOIN 19S/1SVO

siren; A31jenb jeaw U0 UOIOBIIUL JIOY) Pue Soudd HOAN PUB [dS/LSFD JO 199139 oY ‘I d[qeL

=
(o]



Meat quality in porkers as affected by genotypes at two loci

T0°0Sdxx S005d:

"10°05d — s[ended (60"0Sd — S1ONJ] [[ews (18 AuedyIusis 1of1p spduosiadns JuaIdgyIp SuLIBaq SMOL UIYIIM SUBSAL....,

su su 0L'0F 09°0F su S9'0F 0L 0F 9°0F
€'l S1°0 0Ll L1 710 L1 0L'1 Ll (%) JURIUO JeJ Je[NOSnUWEU]
su su 8S°0F €9°0F M 19°0F 8G°0F 9°0F
80°0 73 v 16°2¢ 97°€ L£5°TC @9€'TT 60T (%) 3uRyu0d utsjoid [ejo],
su wx 16'0F LO'TF su v6'0F 10 1F 90'IF
wo SHIL +09'€C 4€0¥C €r'0 9L°¢€T 0L'€T S8'€T (%) 12300 JoNEW A1
su su €LOF TL0F su 0L 0F 6L°0F $9°0F
L0°0 90°0 LSYL S8YL Wl 08'¥L Y8 YL 0°SL (%) 120D 191 M
su su 19°01F 9°6F su S80IF 06'6F LOOIF
91°0 L¥°0 L8YE 60°€€ 81°0 96°¢¢ LY ¥€ 61°6¢ (8/10w) oyeroe]
su su [ARZE: LYEIF su WTYIF YSTIF Y9 SIF
4N 6€°0 80°9% L9% ST 8¢ LY 59 LSSV (8/10wm) usg0041D
su su SI'9TF SIvTT su LY'8TF SLITF 0€97F
171 18°0 €9°971 ¥$'971 '] €C'8TI 78971 STt (/10w enuajod onA[00A1D
su su 0S'vF 09'vF su 98 bF 9vF €8°CF
01l 8€°0 7S°€01 11°€01 0T SLT01 TL€01 €9°€01 (%) AL
su su 8SIF 9¢'IF su vSIF 8 IF SCIF
6v'C 791 17°S LY'S 10 8T'S Se's LTS (;u2) DHM
su su 9T’ ¢F YT EF su TEF 60 €T YSEF
81°1 61°1 €eTl 69°C1 651 86°C1 €Tl 81'C1 (%) up1 e ssof duq
su su eF LTF su 0°¢F 60 €T PSEF
(44! 991 801 €86 781 1L°01 L8°6 9L°6 (%) 496 18 ssof duq
su su 0L'TF vTF su 1STF €STF 8°TF
(44! 6€°0 969 w9 ¥8°0 vL'9 6t'9 v7'9 (%) yg 1e sso] duq
o g _ o (9sz=)  (I¥1=u) o (re1=w)  (g91=w)  (001=W)
- g9 qv 99 qv 44 eIy,
‘ DOIN 1S/ LSV

"panunuo) ' dqeL,

21



E. Krzecio et al.

Results and discussion

Among the 26 traits of meat quality and meat chemical composition, the pH
measured directly in the LD muscle during its maturation and storage (from 24 to
144 h post-mortem) as well as crude protein content, were found significantly related
to genotype CAST/Mspl (Tab. 1). The lowest, statistically confirmed pH values and
simultaneously the highest crude protein content of the LD muscle were recorded for
animals with genotype BB.

It is known, that the activity of calpastatin as a calpain inhibitor decreases with
decreasing pH, determining not only the rate, but also the range of proteolysis [ Geesing
and Koohmaraie 1999]. The results of the present study indicate that the selection
of animals for a specific CAST/Mspl genotype could significantly affect the post-
mortem pH of meat, i.e. alter one of its most important qualitative and technological
parametres.

The MYOG genotype had a significant effect on the LD pH measured 48 h post-
mortem (P<0.05), its electric conductivity 35 min, 3 h and 24 h post-mortem and
dry matter content (P<0.01). No significant interaction MYOG x CAST/Mspl in meat
quality traits measured was identified

It has not been earlier indicated in literature that the porkers’” MYOG genotype
affected significantly the parametres of meat quality. The highly significant relation
between electric conductivity and the MYOG genotype observed in this study, shows
how important the MYOG genotype may be for this trait. However, it is hard to
conclude about the mechanism of this relation as the current knowledge about the role
of myogenin is limited exclusively to the processes of myogenesis.

Summarizing, it can be stated that among the traits of quality and chemical
composition of pork, the pH measured over the period lasting from 24 to 144 h
post-mortem proved significantly related to genotype CAST/Mspl, while electric
conductivity measured from 35 min to 24 h post mortem, was found to be related to
the MYOG genotype.

No significant effect of interaction between genotypes CAST/Mspl and MYOG in
relation to meat quality traits and its chemical composition was identified.
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Cechy produkcyjne tucznikéw wolnych od genu RYRIT oceniane
zaleznie od genotypu wzgledem loci CAST/Mspl (kalpastatyny)
1 MYOG (miogeniny). II. Cechy jakosci i podstawowego sktadu migsa

Streszczenie

Celem badan byto okreslenie, czy cechy jakosci migsa §win sa istotnie zalezne od genotypu wzglgdem
loci CAST/Mspl i MYOG oraz czy istnieje wspotdziatanie migdzy tymi loci w zakresie ksztaltowania
si¢ badanych cech. Badania przeprowadzono na 397 tucznikach wolnych od genu RYR17, nastepujacych
ras i ich mieszancow: landrace, landrace x yorkshire, landrace x duroc, (landrace x yorkshire) x duroc
i (landrace x yorkshire) x (duroc x pietrain) — odpowiednio 91, 65, 129, 83 i 29 zwierzat. Sposrod
analizowanych cech jakosci i sktadu podstawowego migsa, wartosci pH mierzone migdzy 24 a 144
godzing post-mortem byly istotnie zalezne od genotypu CAST/Mspl. Przewodnos¢ elektryczna migsa
mierzona w kilku terminach migdzy 35 minuta a 24 godzina po uboju byta uzalezniona od genotypu
MYOG. Nie stwierdzono istotnego wptywu interakcji migdzy genotypami CAST/Mspl a MYOG na cechy
jakosci migsa i jego sktad podstawowy.
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