ISSN 1392-2130. VETERINARIJA IR ZOOTECHNIKA (Vet Med Zoof). T. 56 (78). 2011

MEAT QUALITY VALUES IN DIFFERENT MUSCLES BY GENOTYPE AND
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Summary. The aim of the study was to examine the effect of genotype (terminal breed), muscle and gender on the
meat quality of hybrids from Lithuanian indigenous wattle pig and wild boar backcross to lean pig breeds. The animals
used were females and castrated males from domestic Lithuanian indigenous wattle and wild boar hybrid backcross to
domestic lean breeds (Norwegian Landrace and Yorkshire). The terminal breed influenced the growth rate and carcass
fatness. The age at slaughter of hybrids from terminal Norwegian Landrace breed was 69.5 days lower, their backfat
thickness at the 10 rib was 5.56 mm lower compared with the hybrids from terminal Yorkshire breed. However,
Norwegian Landrace as a terminal breed showed a tendency towards lower meat quality traits, such as pH value in the
longissimus and semimembranosus muscles and an increased thawing loss in the semimembranosus muscle. Gilts
tended to have relatively 4.7% higher amount of dry matter and 0.7% lower pH value in longissimus muscle and
relatively 3.6% lower content of dry matter and 4.0% higher content of protein than barrows in the semimembranosus
muscle. However, the barrows had relatively 98.2% higher level of intramuscular fat in M. semimembranosus compared
with gilts. The main differences between the muscle type were related to the differences in water holding capacity,
cooking loss, colour and pH. Colour intensity and water holding capacity relatively 4.3% were higher, and pH value had
a tendency to be higher in the semimembranosus muscle. Cooking loss had a tendency to be relatively 4.7% higher in
the longissimus muscle. This study also identified several phenotypic correlations between the age, body weight and
carcass fatness of hybrid pigs and meat quality traits, such as pH and water holding capacity.
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Santrauka. Tyrimy tikslas buvo jvertinti genotipo, kurj apsprendzia paskutiné kryzminimui naudojama veislé, ir
lyties jtaka hibridy, gauty taikant griztamaji kryzminima, skirtingy raumeny kokybei. Atlikti Lietuvos vietiniy kiauliy su
Sernais griztamojo kryzminimo su raumeningomis JorkSyro ir Norvegijos landrasy veislémis gauty hibridy ilgiausiojo
nugaros raumens ir pusplévinio raumeny cheminés sudéties bei technologiniy savybiy tyrimai. Buvo tiriamos kiaulai¢iy
ir kastraty raumeny savybés. Hibridy genotipas pagal paskuting kryzminimui naudota veislg turéjo itakos hibridy
augimo spartai ir skerdeny riebumui. Hibridai, gauti Lietuvos vietiniy ir Serny hibridus toliau kryzminant su Norvegijos
landrasais, uzaugo 69,5 dienomis grei¢iau, o ju skerdenos buvo liesesnés (lasiniai ties 10 Sonkauliu buvo 5,56 mm
plonesni) negu baigiamajam kryZminimui naudojant jorkSyrus. Taciau hibridy, gauty panaudojus landrasus, kai kurie
mésos kokybés rodikliai, tokie kaip pH abejuose tirtuose raumenyse ir defrostavimo nuostoliai puspléviniame
raumenyje, buvo prastesni. Kiaulaiciy ilgiausiajame nugaros raumenyje buvo santykinai 4,7 proc. daugiau sausyju
medziagy ir 0,7 proc. mazesné pH reikSmé, bet puspléviniame raumenyje buvo santykinai 3,6 proc. maziau sausuyjy
medziagy ir 4,0 proc. daugiau baltymy negu atitinkamuose kastraty raumenyse. Taciau kastraty puspléviniame
raumenyje buvo santykinai net 98,2 proc. daugiau riebaly negu kiaulai¢iy raumenyje. Pusplévinio raumens buvo
santykinai 4,3 proc. didesnis vandens riSlumas, intensyvesné spalva ir didesnis pH. Ilgiausiojo nugaros raumens virimo
nuostoliai buvo santykinai 4,7 proc. didesni. Nustatyta fenotipiné koreliacija tarp hibridy amzZiaus, svorio ir skerdeny
riebumo su tokiais mésos kokybés rodikliais kaip pH ir vandens ri§lumas.

RaktaZodziai: mésos kokybé, genotipas, lytis, kiaulés, Sernai, hibridai.

Introduction. The food quality is presented as a  satisfy the needs and expectations of the consumer (Peri,
system of product requirements both material and 2006). There is a whole range of pig production systems
immaterial, related to the product in itself, the production  having a claim on higher quality of meat, from much
context, the product-packaging system, and the product- differentiated ones relying on local breeds and extensive
market system. The dynamics of the quality system also  rearing conditions to systems using conventional breeds
include a relationship between product characteristics, in intensive conditions (Krystallis et al., 2009; Bonneau
product performance and consumer requirements. Thus and Lebret, 2010). Slow growing and fat, local breeds are
quality can be described as the requirements necessary to  used in one third of the differentiated European systems.
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Most often their meat is found to be of higher eating
quality compared to conventional European genotypes
(Bonneau and Lebret, 2010; Stimbirys and Jukna, 2010).
Current pig production system has provided pork at a
reasonable price and quality for consumer, and pork
produced in Lithuania is found to be of higher quality
compared to imported meats (Garmiené et al., 2010).
However, public concerns on animal welfare,
environmental pollution and safety of meat products have
grown up (Dransfield et al., 2005; Krystallis et al., 2009).
In recent years, organic animal and wild animal products
have received a significant attention in most developed
countries, as the products are considered to be healthier
and safer than those produced by intensive production
systems (Gongora et al., 2003; Dransfield et al., 2005; Li
et al., 2005; Randi, 2005). Wild mammals represent only
2% of the herbivore biomass (Gorman and Raffaelli,
2008), therefore an alternative to increase the amount of
relatively “wild” meat could be captive rearing of wild
species or their crossbreeding with domestic animals.
Although currently in Lithuania domestic pig and wild
boar crossbreeding is warrantable only for research, in
this respect, the public interest for wild boar introgression
into domestic pigs has been increased. Previous research
studies showed that some increase of loin area in hybrid
genotypes with increasing wild boar portion could be
noticed. Crossing of wild boar with Lithuanian
indigenous pigs decreased the growth rate, carcass length
and increased backfat thickness in 1/2 wild boar hybrids
(Razmaité et al. 2009). Furthermore, the increase of wild
boar portion in hybrids increased the difference of backfat
thickness between the genders and castrates were found to
be very fat (Razmaité and Kerziené, 2009). Therefore, it
was expedient to evaluate backcross to lean domestic
pigs. The aim of the present study was to examine the
effect of genotype (terminal breed), muscle and gender on
the meat quality of hybrids from Lithuanian indigenous
wattle pig and wild boar backcross to lean pig breeds.
Materials and Methods. Thirteen animals used were
females and castrated males from domestic Lithuanian
indigenous wattle and wild boar hybrid backcross to
domestic lean breeds (Norwegian Landrace and
Yorkshire). The hybrids were reared indoors in mixed-
gender groups from birth to slaughter consuming twice a
day the same standard concentrate feed, containing 12.28
MJ metabolisable energy and 14.49% crude protein
balanced with lysine (0.80%/kg feed). The animals were
slaughtered when they reached approximately 90 kg
weight. The slaughtering was conducted in the abattoir for
control slaughtering of the state pig breeding station
immediately with minimum handling stress after 5 km
transportation. The pigs were stunned with electricity and
were bled within 15 s of stunning. Afterwards, the
carcasses were scalded in a Hubert Hyag scalder for 5
min. at 64°C and dehaired. The head was removed and the
carcass was split longitudinally on the midline.
Eviscerated carcasses were weighed to determine warm
carcass weight and chilled for 24 h at +2-4°C. Carcass
weight was measured without head and feet. Dressing
percentage was calculated as percentage of carcass weight
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0.5 h after slaughtering on live weight before slaughter.
After twenty-four hours post-mortem, carcasses were
weighed again to determine cold carcass weight. Cooling
loss was calculated as difference between warm and
chilled carcass weight in percentage. Measurements of
backfat thickness were taken with a ruler on the left side
of carcasses at the dorsal line of mid back at the 10 rib.
The photo was taken to measure the area of M.
longissimus dorsi at 1/2 lumbar vertebra by digital camera
EX-Z110 (Casio). Afterwards, loin area was
planimetrically measured by means of the “SCAN-STAR
K” planimetrical system (Germany) (Razmaité¢ et al.,
2009). Samples of M. longissimus dorsi (LD) and M.
semimembranosus (SM) were collected, respectively,
from the loin and from the ham of the left side of
carcasses.

Technological meat quality was determined
approximately 24 h post mortem. Meat pH was measured
by using Knick pH-766 meter (CALIMATIC, Berlin,
Germany). Colour intensity was determined by the
method of  Khornsi’s  modification  with a
spectrophotometer C®-46 (LOMO, Russia), as described
in the methodological guidelines (Misik, 1978). Cooking
loss was found according to meat weight differences
before and after cooking. Water holding capacity of LD
and SM was determined by the method of Grau and
Hamm (1953) and as the thawing loss of these muscles.
Samples for determination of thawing loss were frozen for
5 days at -20°C. After thawing at ambient temperature,
the thawing loss of LD and SM was determined as weight
difference of frozen and defrosted muscles (Heyer et al.,
2004).

Chemical composition analysis was performed on
defrosted LD and SM muscles after determination of
thawing loss. Dry matter content was determined by
drying sample in an oven at 105°C until a constant weight
was obtained (method No 950.46B; AOAC, 1990). Crude
protein content was determined by the Kjeldahl method
using the Kjeltec system 1002 apparatus (Foss-Tecator
AB), and a conversion factor of 6.25 was used to convert
total nitrogen to crude protein (method No 981.10;
AOAC, 1990). Intramuscular fat was determined by the
Soxhlet extraction method (method No 960.39; AOAC,
1990). Ash was determined by incineration in a muffle
furnace at 550°C for 24 h (method No 920.153; AOAC,
1990). The content of protein, intramuscular fat and ash
was expressed as the weight percentage of dry matter
from muscle tissues. The samples were analysed at least
in duplicate for all analytes.

Statistical analysis was performed with the general
linear model (GLM) procedure in Minitab. The age and
carcass data and meat quality parameters within muscles
were analysed using a model that included the fixed
effects of gender (females or barrows) and genotype
(terminal breed). The meat quality parameters were also
analysed using a model that included the fixed effect of
the muscle. Tukey's HSD significance test was used to
ascertain the existence of significant differences between
the traits and where they occurred. Significance was
determined at P<0.05, but differences of 0.05<P<0.10
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would be considered as trends.
(Pearson's correlation coefficients) was calculated.

Pairwise correlation

Results. The live weight at slaughter in the subgroups
was similar, with the largest difference of 2.8 kg (P>0.10)
between the genotypes (Table 1), but the age at slaughter

Table 1 Least square means and standard errors

of differences for age and carcass data by gender and

of the genotype from the terminal Norwegian Landrace
breed [(LIW x WB) x NL] or 1/2 NL was by 69.5 days
(P<0.001) lower compared with the genotype from the

terminal Yorkshire breed [(LIW x WB) x Y] or 1/2Y.

genotype of hybrid pigs

. Gender Genotype
Variables Gilts |Barrows| SED | (LIWxWB)xY | (LIWxWB)x NL SED
Age, days 2243 | 222.8 | 14.71 258.3 188.8 15.07%**
Live weight, kg 92.5 93.5 2.61 94.4 91.6 2.68
Hot carcass weight, kg 59.9 61.5 1.87 61.9 59.5 1.91
Dressing percentage, % 64.75 | 65.78 0.70 65.61 64.91 0.72
Cold carcass weight, kg 58.5 60.1 1.85 60.5 58.1 1.89
Cooling loss, % 2.34 2.24 0.22 2.29 2.28 0.22
Backfat thickness of mid back |5 35 | 5595 | 348 2426 18.70 3.56
at the 10 rib, mm
Loin area, cm’ 33.02 32.87 1.10 33.34 32.55 1.12

Significance level: ***P<0.001

Table 2 Least square means and standard errors of differences for chemical composition and technological

quality of different muscles from hybrid pigs

Variables M .longissimus dorsi M. semimembranosus SED
Dry matter, % 27.02 26.39 0.40
Protein,% 89.55 88.88 1.26
IMF, % 6.35 6.78 1.29
Ash,% 3.76 3.86 0.15
pH 5.46 5.52 0.03"
Colour 70.51 81.66 241%**
Cooking loss,% 41.11 39.27 0.97'
WHC,% 53.48 55.76 1.03*
Thawing loss,% 9.99 10.73 0.81

Significance levels: '0.05<P<0.10; *P<0.05; *** P<0.001

Table 3 Least square means and standard errors of differences for chemical composition and technological

meat quality of longissimus muscle from hybrid pigs by gender and genotype

Variables Gender Genotype

Gilts |Barrows| SED LIWxWBxY LIWXxWBxNL SED
Dry matter, % 27.75 | 26.50 | 0.60' 27.90 26.35 0.62%*
Protein, % 88.95 | 91.60 2.36 89.44 91.10 241"
Fat, % 7.06 3.99 2.56 6.083 4.964 2.62
Ash, % 3.58 3.97 0.22 3.65 3.89 0.22
pH 5.42 5.46 0.06' 5.50 5.38 0.07"
Colour 7042 | 71.87 3.84 75.44 66.85 3.94'
Cooking loss % 41.31 | 40.86 1.54 41.84 40.33 1.58
WHC, % 50.59 | 54.55 2.87 50.10 55.04 2.94
Thawing loss, % 11.27 | 10.54 2.15 10.47 11.34 2.20

Significance levels: '0.05<P<0.10; *P<0.05
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Table 4 Least square means and standard errors of differences for chemical composition and technological
meat quality of semimembranosus muscle from hybrid pigs by gender and genotype

Variables Gender Genotype

Gilts Barrows SED LIWxWBxY LIWxWBxNL SED
Dry matter, % 26.08 27.03 0.52' 26.71 26.39 0.53
Protein, % 91.43 87.91 1.65' 89.60 89.74 1.69
Fat, % 3.96 7.85 1.70* 5.50 6.31 1.74
Ash, % 4.00 3.74 0.20 3.87 3.87 0.20
pH 5.51 5.50 0.04 5.58 5.43 0.04**
Colour 82.08 84.13 3.83 83.81 82.40 3.93
Cooking loss % 40.18 39.14 1.91 38.69 40.63 1.96
WHC, % 53.82 54.56 2.27 54.64 53.75 2.30
Thawing loss, % 11.76 12.23 1.67 9.86 14.12 1.71%

Significance levels: '0.05<P<0.10; *P<0.05; ** P<0.01

Although 1/2 Y hybrids and castrated males had
higher backfat thickness of the mid back at the 10 rib,
respectively, differences of carcass characteristics
between the genotypes and genders were statistically
insignificant. There were no statistically significant
differences between the chemical composition of the
longissimus and semimembranosus muscles (Table 2).
However, colour intensity (P<0.001) and water holding
capacity relatively 4.3% (P<0.05) were higher, and pH
value had a tendency to be 1.1% higher (0.05<P<0.10) in
the semimembranosus muscle. Cooking loss was
relatively 4.7% higher (0.05<P<0.10 in the longissimus
muscle. Hybrids from 1/2 Y genotype had relatively 5.9%
more dry matter in the longissimus muscle (P<0.05) than
the hybrids from 1/2 NL genotype (Table3). However, the
hybrids from 1/2 NL genotype tended to have relatively
by 1.9% more protein (0.05<P<0.10) compared with the
hybrids from 1/2 Y genotype. The hybrids from 1/2 Y
also tended to have 2.2% higher pH and 12.8% higher
colour intensity (0.05<P<0.10) of M. longissimus dorsi
than the hybrids from 1/2 NL. Gilts tended to have
relatively 4.7% higher amount of dry matter in M.
longissimus dorsi and 0.7% lower pH value of this muscle
(0.05<P<0.10) compared to barrows. In contrast to the
proportion of dry matter between the genders in the
longissimus muscle, gilts tended to have relatively 3.6%
lower content of dry matter and relatively 4.0% higher
content of protein than barrows (0.05<P<0.10) in the

semimembranosus muscle (Table 4). The barrows had
relatively 98.2% higher level (P<0.05) of intramuscular
fat in M. semimembranosus compared with gilts. There
was no effect of the genotype on the chemical
composition of M. semimembranosus. However, the
hybrids from 1/2 NL genotype had lower pH (P<0.01)
and relatively 43.2% (P<0.05) higher thawing loss than
the hybrids from 1/2' Y of M. semimembranosus.

The correlation between meat quality and carcass
traits was performed for the two muscles. In general the
correlation values were low and only a few were higher
than 0.5. Negative correlation (r = -0.58; P<0.05) was
found between the carcass cooling loss and loin area, and
no statistically significant correlation was found between
the cooling loss and other carcass related parameters
(Table 5).

Table 5 Correlation coefficients between cooling
loss and age and carcass data for hybrid pigs

Cooling loss
Age 0.17
Weight -0.25
Backfat thickness of mid 0.15
back at the 10 rib )
Loin area -0.58*

Significance level: *P<0.05

Table 6 Correlation coefficients between age and carcass data and meat quality within two muscles

M. longissimus dorsi M. semimembranosus
Age Weight |Loin area| Backfat Age Weight Loin area Backfat
pH 0.76** -0.25 0.07 -0.02 0.47 0.33 0.36 0.44
Colour 0.27 0.38 0.48' 0.51' 0.03 -0.34 0.33 -0.21
Cooking loss 0.06 0.14 0.07 0.24 -0.27 -0.52' -0.11 -0.32
WHC -0.02 -0.65* -0.30 -0.62* 0.44 -0.64* -0.16 -0.65*
Thawing loss -0.55" 0.17 0.29 0.02 -0.60* -0.12 -0.13 -0.42
IMF 0.27 0.07 -0.15 0.25 0.32 -0.16 -0.28 0.15
Dry matter 0.21 0.57* 0.21 0.61* 0.11 0.16 -0.01 0.04

Significance levels: '0.05<P<0.10; *P<0.05; ** P<0.010
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Pearson's correlation coefficients between the age,
weight, loin area, backfat thickness and the main
parameters of muscles quality are presented in Table 6.
The pH showed positive correlations with the age for both
muscles, however, only the correlation (r = 0.76) between
the age and pH for M. longissimus dorsi was statistically
significant (P<0.05). The colour of LD muscle tended
positively to correlate (r = 0.48) with the loin area and
backfat thickness (0.05<P<0.10). The cooking loss
showed the trend of negative correlation (r = -0.52) with
the body weight for SM muscle. Negative quite equal
correlation (r = -0.64 and -0.65) was found between water
holding capacity and weight and backfat thickness of
hybrids for both studied muscles (P<0.05). Thawing loss
showed negative correlation (r = -0.60) with age for SM
muscle (P<0.05) and tended to correlate (r = -0.55) for
LD muscle (0.05<P<0.10). Dry matter positively
correlated with weight (r = 0.57) and backfat thickness (r
=0.61) only for LD muscle (P<0.05).

Discussion and conclusions. In developing strategies
for pork production diversification, information on the
effects of production factors (genotype) and inherent
factors (gender and muscle type) on meat quality traits is
needed. This study indicated an important effect of the
genotype (terminal breed) on the growth rate. The hybrid
pigs from the terminal Norwegian Landrace breed (LIW x
WB) x NL genotype) grew much faster than the pigs from
the terminal Yorkshire breed (LIW x WB) x Y genotype),
and their carcasses contained less fat. These results were
not unexpected since Landrace pigs of Norsvin selection
in Lithuania are the leanest pigs, characterised by very
fast growth (Lundeheim and Razmaité, 2005). In
accordance with Latorre et al. (2004) the barrows in the
present study produced insignificantly heavier carcasses
than the gilts. However, contrary to the results of Latorre
et al. (2004) the dressing percentage of barrows was
insignificantly higher. Intramuscular fat is important in
assessing meat quality, but the terminal breed and muscle
in the present study had no effects on intramuscular fat
levels. Higher IMF content was observed in the
semimembranosus muscle of barrows and this is in
agreement with Lebret et al. (2001) and Correa et al.
(2006), and in disagreement with Latorre et al. (2004) and
Lo Fiego et al. (2010). The colour of muscles represent
important criteria for the consumer, however, pH
measurements are often used to predict other pork quality
traits (Ramos et al., 2007). In the present study,
Norwegian Landrace as a terminal breed showed a
tendency towards lower colour intensity and pH value in
the longissimus muscle, and lower pH value and thawing
loss in the semimembranosus muscle. The comparison
between the characteristics of the longissimus and
semimembranosus muscles showed significant differences
between the two muscles for two of the variables studied
and this is somewhat in disagreement with the findings of
Gil et al. (2008) who reported significant differences
between the muscles for all of the variables studied and
the importance of the muscle type on the metabolic
properties. The correlation between meat quality traits,
such as water holding capacity, pH value, cooking loss,
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reflectance, etc. is existent as predictable (Huff-Lonergan,
2002; Jennen et al., 2007). In this study correlations
between the cooling loss and age and carcass traits, and
also correlations between the age, weight and carcass
fatness and meat quality traits within two muscles were
presented. Bertram et al., (2007) have noted that the
perceived juiciness of the meat is believed to be linked to
the water in the meat. The amount and distribution of
water within the meat has a considerable influence on its
nutritional value, consumer appeal and technological
properties. Pronounced effects of slaughter age on water
mobility and distribution in the muscles have been
revealed. Bertram et al., (2007) reported about a
significant effect of slaughter age on juiciness, as
juiciness increased with decreasing age. In this study
juiciness was not evaluated, however, it is noteworthy that
the negative correlation between the backfat thickness and
water holding capacity, and negative correlation between
the age and thawing loss in both studied muscles should
possibly be ascribed to the associations between water
mobility and distribution and age of pigs and their carcass
fatness. The negative correlation between the cooling loss
and loin area was unexpected and this was in
disagreement with the results of Miiller et al. (2000) who
reported that the cooling loss positively correlated with
the meat amount in carcass. The reason for that different
correlation might be the difference in the genetic
background and carcass fatness between the reported
examinations. Although the negative correlation between
the cooling loss and backfat thickness was low, backfat
thickness correlated negatively with water holding
capacity. Otto et al. (2004) reported that correlations
observed between the carcass traits, such as lean content
and drip loss were low or not significant but they are
undesirable in particular with regards to loin area what
was in agreement with the results in this study.

In conclusion, hybrids in the same environment and
production regime and low pre-slaughter stress of the
present study permitted the expression of the phenotypic
characteristics of the two genotypes designed from
different terminal breeds. The terminal breed influenced
the growth rate and carcass fatness. The hybrids from the
terminal Norwegian Landrace grew faster and had less
fatty carcasses than the hybrids from terminal Yorkshire.
However, Norwegian Landrace as a terminal breed
showed a tendency towards lower meat quality traits, such
as pH value in the longissimus and semimembranosus
muscles and increasing thawing loss in semimembranosus
muscle. The gender showed higher effects on the
chemical composition of the muscles. The main
differences between the muscle type were related to the
differences in water holding capacity, colour and pH
(higher in the semimembranosus muscle) and cooking
loss (higher in the longissimus muscle). This study also
identified several phenotypic correlations between the
age, body weight and carcass fatness of hybrid pigs and
meat quality traits, such as pH and water holding
capacity.
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