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Abstract

The goal of this experiment was to establish the effect of genotype, sex and intramuscular fat (IMF)
content in the musculus longissimus lumborum et thoracis (MLLT) on the colour of pork. The values
of meat colour parameters were balanced in both gilts and barrows without significant differences
(p <0.05). The average value of the lightness parameter L* was 61.35 + 5.31 in barrows in our research
and 60.14 + 4.94 in gilts. The percentage of yellow spectrum b* ranged within a narrow zone of from
13.67 + 2.14 (gilts) to 13.88 + 2.02 (barrows). The colour saturation value (C*) for meat from barrows
(14.42 + 2,33) differed by just 0.21 from the meat from gilts (14.21 + 2.51). The lightest meat with
the highest L* value, was from pigs to be slaughtered with the highest IMF content (5.00 to 9.50%)
62.53 + 4.26, or the group with a IMF content of 3.00 to 3.99% (62.12 + 4.96). The lightness value was
lowest (58.73 + 5.43) in the group with the lowest IMF content (1.85 to 2.99%). To establish the effect
of genotype on the colour of pork two hybrid combinations were monitored: (CLW x CL) x D and
(CLW x CL) x (D x BL). Different paternal lines in the groups did not affect any of the meat colour

indicators significantly.
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INTRODUCTION

The qualitative characteristics of meat during
the fattening of animals to be slaughtered are
influenced by a number of genetic and non-genetic
factors. The species and breed, sex and age have
the greatest significance, these influence the colour
of the meat and its tenderness in particular. Meat
from animals to be slaughtered exhibits great
diversity in the quality indicators and properties
of the meat, which result from the normal progress
of post-mortem changes. Consumers consider the
colour of the meat a very important indicator when
purchasing meat (Balogh, 2016; Novotni-Danko,
2015) and its culinary use and physical parameters
are directly affected by a number of zootechnical
and technological factors. The colour is the primary

stimulus for selection of butchered, particularly
portioned meat by consumers, who prefer meat
with a pale pink colour over dark coloured meat.
Colour is an important criterion for consumers and
depends on the concentration and oxidation level of
myoglobin and on the structure of the meat (Ruiz De
Huidobro et al., 2003). The colour of the meat chiefly
depends on the content of hemo-pigments (Simek
and Steinhauser, 2001). The most widespread
hemo-pigments are haemoglobin and myoglobin
(the pigments in muscle tissue). Eder (2004) states
that the colour of the meat is an important indicator
of its freshness. The amount of myoglobin in animal
muscles determines the colour of the meat. Pork is
classified as a red meat, because it contains more
myoglobin than chicken or fish.
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When fresh pork is cooked, the juice is lighter,
but it is still red meat. As well as other factors,
myoglobin content is also dependent on the breed,
sex, type of muscle, movement (muscles used more
often contain more myoglobin) and nutrition.
A number of authors focused on the effect of breed
and sex on the colour of pork: Lertpatarakomol et al.
(2019), Kima et al. (2009), Ruusunen (2012), Corino
et al. (2008), Serrano et al (2008), Fortina et al
(2005), Martin et al. (2008) and others. Pork from
purebred Duroc or from Duroc hybrids is usually
darker than pork from Landrace or Yorkshire pigs
Blanchard et al. (1999), Newcom et al. (2004), which
is also related to the higher final pH of pork from
the Duroc breed, as stated by some studies Candek-
Potokar et al. (1998), Newcom et al. (2004).

High importance for taste and crispness of meat
has an intramuscular fat especially its intercellular
portion with deposition in a form of small veins
which create meat marbling. According to Suzuki
et al. (2005) and Woode et al. (2008) intramuscular
fat is on of the main parameters with an influence
on sensor characters and meat quality. On a base
of tasting tests it is recommended a level of 2.5%
of IMF in MLLT as is mentioned in Bejerholm and
Barton Gade (1986). From pure breeds only Duroc
is reaching this level (Beckovd, 1997). Suzuki et al
(2005) mention in their study that Duroc is reaching
the highest values of IMF content in comparison
with other pig breeds. Lo et al (1992), Armero et al.
(1998) mention in their studies higher content
of IMF (2.4-4.5%) in Duroc breed in comparison
with Large White and Landrace too. Also the
hybrids with Duroc have higher content of IMF in
comparison with hybrids of other breeds.

MATERIALS AND METHODS

We monitored selected carcass value and pork
colour indicators to establish their dependence on
sex and IMF content. The pigs were divided into two
groups by sex. The group of barrows numbered 55
and the 2" group consisted of 61 gilts.

To establish the effect of genotype on the colour
of pork two hybrid combinations were monitored:
F1 generation hybrids of Czech Large White x Czech
Landrace (CLW x CL) were used as mothers
and were bred by insemination to boars of the
Duroc (D) breed using insemination batches from
boars of the Duroc breed and Duroc x Belgium
Landrace (D x BL) hybrids. 30 pigs for slaughter
were monitored within the terms of individual
experimental hybrid combinations.

After birth the experimental piglets were
individually tagged with an identification number
and the animal’s sex was recorded in a created
database.

After the animals had been fattened the tested
pigs were slaughtered at the slaughter house in
Kostelec u Jihlavy. After being slaughtered the weight

of the carcass was established and the slaughter
weight of the slaughtered pig was established using
a coefficient (1.285).

The percentage of muscle tissue was also
determined in the individual tested animals using
invasive methods by means of a Fat-o-Meater —
FOM probe, which established and recorded the
values measured in the carcass by optical electronic
methods and which works invasively, i.e the probe
must be inserted into the carcass to determine the
measured values.

When butchering the pig carcasses 300 g samples
from the MLLT were taken from the carcases of
176 tested animals at the point of the last thoracic
vertebra to assess the quality of the meat.

In relation to the qualitative indicators, we
focused on establishing pH values, in the MLLT
and specification of the IMF content, which took
place in a laboratory at Mendel University in Brno
at the Institute of Animal Breeding. IMF content
was determined by direct extraction according to
Soxhlet using ether. pH, was measured 45 minutes
after the slaughtered test pig was killed.

The pigs were divided into four groups depending
on the IMF content. The 1% group consisted of 33 pigs
with an IMF content ranging from 1.85 to 2.99%, the
2nd group consisted of 39 pigs with an IMF content
ranging from 3.00 to 3.99%. The third group, with an
IMF content ranging from 4.00 to 4.99%, had 33 pigs
and the last group with an IMF content ranging from
5.00 to 9.50% consisted of 11 individuals.

Parameters in the CIE L* a * b* colour system were
monitored in order to evaluate the colour of the pork,
whereas lightness (L*), the percentage of the red (a*)
and yellow (b*) spectrum, the saturation value (C*)
and the hue angle (h) as determined by a Konica
Minolta CM - 2600d spectrometer (Konica Minolta,
Japan), were monitored. In order to ensure standard
conditions when taking these measurements the
gauge aperture was set to 8 mm, the source of
daylight was — D65, 10° standard observer angle and
SCI mode were set.

The data we obtained from the analyses was
mathematically processed by means of STATISTICA10
software using variance analysis with fixed effects.
An HSD test was used to determine the significance
of differences between individual groups and the
probability of differences was determined at a level
of p<0.05and p <0.01.

Statistical model:

Yl)kl:H+POi+Tj+Ok+eijkl

whereas:
Y......resulting corrected value;

T average value of the dependent variable

PO, = sex (gilts, barrows);
Tj ....... intramuscular fat content (1.85-2.99%;
3.00-3.99%, 4.00-4.99%, 5.00-9.50%);
paternal line (D, D x BL);
residue.
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RESULTS AND DISCUSSION

Tab. I gives a summary of the monitored carcass
value and meat colour indicators depending on
the sex of the pigs. The average slaughter weight
of the barrows was 123 + 8.90kg, i.e. 4kg higher
than the weight of gilts (119 + 9.33 kg) and statistical
significance on the level of 95% probability was
established. Sladek et al. (2008) published a lower
weight for two hybrid combinations of barrows
and gilts at the end of fattening. The carcasses of
barrows weighed 96 + 6.93kg and gilts weighed
93 + 7.26kg, conclusive differences between the
sexes were proven here (p < 0.05). Muscle mass
(the proportion of lean meat) was higher in gilts
(58.90 + 1.82%) than in barrows (56.91 + 2.72%)
and very significant differences were recorded
(p < 0.01). When comparing the lean meat
percentage in the carcass of barrows compared to
gilts, authors Lertpatarakomol et al. (2019), Daumas
et al. (1998), Correa et al. (2006), Vaclavkova and
Beckova (2009) and Vali§ et al. (2008) came to
the same proportions as those established in our
experiment. They found that the carcass of gilts
contains more muscle than the carcass of barrows,
but at various levels of statistical significance.

With regard to the fact that meat colour is also
more significantly influenced by pH,, we also
included this quality indicator. Meat with a lower
pH value, has a greater light variance and gives
the impression of being paler (Jedlicka, 1988). The
effect of sex on pH, was not proven and pH values,
in barrows (6.18 + 0.30) and gilts (6.11 + 0.31)
exhibited a very low inter-group variability.
Bucko et al (2009) came to similar conclusions.
Mlynek et al. (2009) found a pH, of 6.23 and 6.30
in a nutritional experiment in gilts (LW x L) x PIC.
Simek et al. (2004) monitored pH, in four groups of
hybrids and their pH value was lower: 5.9.

In our experiment we established a very uniform
intramuscular fat (IMF) content with no statistical
significance (p < 0.05); in gilts (3.62 + 1.21%) and
in barrows (3.83 + 1.16). Mlynek et al. (2009) give
a lower average IMF content in gilts (1.00%). As in
our case, Correa et al. (2006) established statistical
significance (p < 0.05) in their study between
barrows and gilts of the hybrid combination
D x (L x Yorkshire). Significance at a level of 95%
between sexes in IMF was also proven by Vali$
et al. (2008). Matousek et al. (2006) state that in their
experiment they found that barrows had a 0.25%
higher percentage of IMF than gilts (1.35% or
1.09%). Alvarez-Rodriguez and Teixeirab (2019) also
state in their publication that they recorded a higher
IMF content between sexes (1.44%) compared to
gilts (1.20) in the Bisaro breed they monitored.

Tab. I gives the results of individual pork colour
indicators. The values of meat colour parameters
were balanced in both gilts and barrows, without
significant differences (p < 0.05). This fact was also
proven in the experiment by Correa et al (2006),

who did not find conclusive differences between
the sexes. The following average values were
measured in both sexes L* 50.60; a* 7.02 and b* 4,30.
The average value of the lightness parameter L*
was 61.35 + 5.31 in barrows in our research and
60.14 + 4.94 in gilts. Lertpatarakomol et al (2019)
gives L* values for gilts as 50.67 and for barrows as
53.16, and b* values for gilts as 11.67 and 12.08 for
barrows, in his work. Vitek et al. (2009) recorded
a value of 61.88 in the L* parameter in a sample
of pigs consisting of barrows and gilts. The meat
of barrows exhibited a 1.21 lighter colour than the
meat of gilts. The red spectrum percentage a* was
3.43 + 2.24 in gilts and 3.56 + 2.01 in barrows. In
his study Karamucki (2013) states that the sex of the
animals influences the formation of the colour of
the pork. On the basis of our observations we came
to the conclusion that the meat of gilts is darker
than the colour of the meat of barrows.

In their publication Langlois and Minivielle
(1989) mention the darker colour of meat from
gilts compared to meat from barrows of the breeds
Duroc, Hampshire, Landrace and Large White, on
the contrary to studies by the authors Eikelenboom
and Hoving-Bolink (1993), Hammel, Laforest and
Dufor (1994), who did not find any differences in
pork colour between gilts and barrows of various
hybrids in their experiments.

The vyellow spectrum percentage b* in our
slaughtered pigs fell within a narrow range from
13.88 + 2.02 (barrows) to 13.67 + 2.14 (gilts). The
colour saturation value (C*) in meat from barrows
(14.42 + 2,33) differed by just 0.21 from the meat
from gilts (14.21 + 2.51). The hue angle (h) had
a value of 76.46 + 6.88 in meat from barrows and
76.92 + 7.52 in meat from gilts.

Latorre et al (2003) slaughtered barrows
and gilts of the hybrid combination (Danish
Landrace x Pietrain) x Large White of an average
weight of 117kg in their experiment. They proved
significant differences between the sexes (p < 0.001)
in the evaluation of IMF (3.4 and 2.7%) and in some
of the meat colour parameters. Lightness values L*
were determined in groups on the level of 47.1 and
47.1; values for a* at the level of 4.11 and 4.49, with
a statistical significance for inter-group differences
(p <0.01); b* values at 8.32 and 8.09 and C* values
at9.29 and 9.27.

Kima et al (2009) fattened pigs of the Korean
Black breed. The authors established the following
meat colour parameters at a meat pH, value of
5.7: L*: 53.57, a*: 6.81 and b*: 2.93. Serrano et al.
(2008) evaluated meat colour parameters in
hybrids between the Iberian x Duroc breeds. In
groups arranged according to the sex of the pigs the
authors of the work determined quite significant
differences (p < 0.05) between barrows and gilts
for the values: L* (44.3 and 44.8), a* (7.4 and 7.1),
b* (12.9 and 13.9) and C* (13.6 and 15.5). Inter-
group differences in h values (60.9 and 61.6) were
statistically insignificant.
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The results of pork colour parameters depending
on IMF content are given in Tab. II. The lightest
meat, with the highest L* value was found in the
last group with the highest IMF content (5.00 to
9.50%) 62.53 + 4.26, or more precisely in the group
with a IMF content ranging from 3.00 to 3.99%
(62.12 + 4.96). The lightness value was lowest
(58.73 + 5.43) in the group with the lowest IMF
content (1.85 to 2.99%). For the lightness parameter
a statistical conclusiveness (p < 0.05) was proven
between group 1 (the least fat) and group 4 (the
most fat), or group 2 (up to 4% fat). Sprysl et al.
(2011) slaughtered pigs at a lower average CC
weight of 89.8 kg, with a lower IMF content of 2.1%
and with a lower colour lightness of L* 57.27.

The red spectrum percentage (a*) in the pigs
we tested fluctuated significantly with no linear
dependence. In the first group this value was
2.56 £ 2.28, in the second group it was 4.01 + 1.78, in
the third group it was 3.76 + 2.13 and in the fourth
group it was 3.62 + 2.10. Significance at a level
of 95% was established between group 1 (1.85
to 2.99% fat) and group 2 (3.00 to 3.99% fat). The
parameters of the percentage of yellow spectrum
(b*) exhibited a statistical difference (p < 0.05)
between the group with the lowest amount of IMF
12.87 + 2.24 and the group with the highest amount
of IMF in muscle tissue 14.47 + 2.01, or the second
group 14.25 + 1.90. Similar statistical significance
(p < 0.05) between group 1 and group 4, or group 2,
was established for meat colour saturation (C*),
where the level ranged from 13.26 + 2.56 (1% group)
to 15.00 + 2.35 (4™ group). The hue angle (h) showed
a difference on just the level of 95% between
group 1 (79.97 + 8.43) and group 2 (74.84 + 5.62).
The lowest values of meat lightness in the test
group were established by Adamec et al (2011)
— L* 54.84, other meat colour spectrum values
at a pH, of 5.69, corresponded more to the first
group of pigs (a* 2.39; b* 12.65) in our experiment.
A similar L* value (57.87) to the value established
in our experiment was established by Lehotayova
et al. (2012) at pH, values of 6.20, but the values
were higher for pork spectral parameters (a* 6.86;
b* 3.76). In their work the authors determined the
effect of the temperature of the environment (30 °C)
on pork colour indicators (L* 55.86; a* 4.20; b* 7.71;
pH, 6.29).

Different paternal lines in the groups did not
affect any of the meat colour indicators as is
clear from Tab. III. No statistical significance was
established (p < 0.05), the values of the measured
parameters compared among groups were very
similar. The lightness parameter L* exhibited the
value of 58.32 + 3.28 in pigs to be slaughtered
of the hybrid combination (CLW x CL) x D and

the value 59.92 + 4.81 in the hybrid combination
(CLW x CL) x (D x BL). Jankowiak et al. (2009)
established the meat lightness of hybrids (PLW x PL)
at just the level of 52.54%.

In our experiment the red spectrum percentage
a*was 1.11 + 1.73 for the 1st group with boars from
the Duroc breed and 1.32 + 1.52 in the 2™ group
with hybrid boars D x BL. We determined the
yellow spectrum percentage b* at the level of
12.30 + 1.35 in the 1% group and 12.86 + 1.77 in the
2rd hybrid group. Within the scope of the groups the
saturation value C* fell within the narrow range of
12.45 + 1.49 (1 group) and 12.99 + 1.88 (2" group).
Nor did the hue angle values change much between
groups; the difference between the groups was 0.74
degrees (85.48 = 7.36 the D group and 84.74 + 6.13
for the D x BL group).

Thomas et al (2019) determined the
lightness value L* as falling within the range
of (38.91-53.75), value a* (6.83-11.96) and
value b* (11.38-18.49) in hybrid combinations
(Ghungroo x Hampshire x Duroc) of pigs to be
slaughtered at 10 months of age.

Bocian et al. (2018) evaluated the quality of meat
from 52 fattened hybrids of the F1 generation (Polish
Large White x Polish Landrace) and established
the following values: IMF 2.35%, L* 53.95 + 2.4,
a* 1495 + 0.99, b*2.79 + 0.73, C* 15.23 + 1.01,
h 10.57 + 2.63.

Renaudeau et al. (2007) evaluated the quality of
meat in the Creole and Large White (LW) breeds. In
relation to meat colour indicators the differences in
parameters were insignificant and fairly uniform
(L*-66.2 and 67.1; a* - 9.36 and 9.70; b* - 7.70 and
8.10). Differences in the monitored meat colour
indicators were also insignificant when evaluating
differences between sexes (L* 66.6 and 66.8; a* 9.21
and 9.86; b* 7.76 and 8.02.).

Olivas (2017) et al established the physical-
chemical properties of pork at various commercial
centres in Ciudad Obregon (Mexico). They collected
50 samples of meat from 10 various shopping
centres. The measured the following values in
colour indicators: L * 48.97 + 4.20, a * 3.95 + 1.15
and b * 11.22 + 0.49.

Ruusunen et al (2012) fattened 4 hybrids of
sows (Landrase x Yorkshire (Y)) and 4 boars:
Finnish Landrace (FL), Norwegian Landrace (NL),
Norwegian Duroc x Norwegian Landrace (DNL),
Swedish Hampshire (SH). More significant (p < 0.05)
inter-group differences (FL group and NL, DNL and
SH groups) were determined between the groups
by hybrid when evaluating parameter L* (50.6;
48.1; 47.6 and 46.3) and in parameter a* (7.4; 7.0;
7.1 and 8.4) between the SH group and the FL, NL
and DNL groups.
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. Key characteristic of slaughter value and meat colour indicators according to the sex of the pigs

) Barrows (n = 55) Gilts (n = 61)
Traits
X+ SE X +SE
Slaughter weight (kg) 1232+ 8.90 119" 2 9,33
Carcass weight (kg) 962+ 6.93 93>+ 7.26
Proportion of lean meat (%) 5691 & 2,72 58.90° + 1.82
pH, 6.18+0.30 6.11+0.31
Intramuscular fat (%) 3.83+1.16 3.62£1.21
L* 61.35+5.31 60.14 + 4.91
a* 3.56 +2.01 343+2.24
b* 13.88 £ 2.02 13.67 £ 2.14
Cc* 1442 + 2.33 14.21 £ 2.51
h 76.46 + 6.88 76.92 +7.52

Statistical significance between the evaluated groups of pigs: A, B=p < 0.01, a, b = p < 0.05, X — Average, SE — Standard
deviation, n — Number, L* — Lightness parameter, a* — value of red spectrum in the meat, b* - Yellow spectrum percentage,
C* — Saturation value, h — Hue angle.

II: Key characteristic of meat colour indicators by intramuscular fat (IMF) content

IMF content (%)

Traits 1.85-2.99 3.00-3.99 4.00-4.99 5.00-9.50
n=33) (n=139) (n=33) n=11)
X +SE X +SE X + SE X +SE
ILi* 58.732+5.43 62.12> + 4.96 60.44 + 4.70 62,53 %+ 4.26
a* 2.562+2.28 4.01°>+1.78 3.76+2.13 3.62+2.10
b* 12.8723+2.24 14.25% + 1.90 13.85 +1.91 14,47> + 2.01
C* 13262+ 2.56 14.87>+2.19 14.45 + 2.30 15.00%+2.35
h 79.97 3+ 843 74.84° + 5.62 75.63 + 6.86 76,73 £ 6.71

Statistical significance between the evaluated groups of pigs: a, b = p < 0.05, x — Average, SE — Standard deviation,
n — Number, L* — Lightness parameter, a* — value of red spectrum in the meat, b* — Yellow spectrum percentage,
C* — Saturation value, h: Hue angle.

[I: Characteristics of pork colour indicators by paternal line

Traits D (n = 30) D x BL (n = 30)
X+ SE X +SE
L 58.32 + 3.28 59.92 +4.81
a* 1.11+1.73 1.32+1.52
b* 12.30 £ 1.35 12.86 + 1.77
c* 12.45 +1.49 12.99 + 1.88
h 85.48 + 7.36 84.74 + 6.13

D - breed Duroc, BL — breed Belgian Landrace, X — Average, SE — Standard deviation, n — Number, L* — Lightness
parameter, a* —value of red spectrum in the meat, b* — Yellow spectrum percentage, C* — Saturation value, h - Hue angle.

CONCLUSION

The CIE L* a * b* method was used to measure the colour of pork during the executed experiments
in fattening pigs. No significant differences in any of the parameters of the aforementioned method
were determined between barrows and gilts in fattening pigs. The value of meat lightness L*
in barrows and gilts was nearly identical and therefore without significant differences between
the groups. Higher, but statistically insignificant, values of the percentage of red spectrum a* were
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assessed in gilts, which indicates a slightly darker shade of red colour to the meat, in relation
to a lower IMF content in the experimental group. In relation to an overall evaluation of changes
in pork colour parameters, only minimal differences in values were recorded and we can state that
practically no differences in meat colour between barrows and gilts, fattened to an average weight
of 110 + 3 kg, were determined in the executed experiment.

We also monitored the possibility of the effect of various IMF content on meat colour parameters.
During detailed analysis of thelink between meat colour and IMF content we recorded the significantly
lightest meat, with the highest L* value, in the group with the highest fat content (5.00 to 9.50%),
or in the group with a IMF content of from 3.00 to 3.99%. The lightness of the meat was lowest
(58.73) in the group with the lowest IMF content (1.85 to 2.99%). Statistical significance (p < 0.05)
was proven for the lightness parameter between group 1 (lowest IMF content) and group 4 (highest
IMF content), or group 2 (up to 4% fat). The parameters of the percentage of yellow spectrum (b*)
exhibited a statistical difference (p < 0.05) between the group with the lowest amount of IMF and
the group with the highest amount of fat in muscle tissue. Similar statistical significance (p < 0.05)
between group 1 and group 4, or group 2, was established for meat colour saturation (C*).

Another part of the experiment in fattening pigs was determination of the possibility of the effect
of transfer of genetic information from the sires to the offspring on meat colour, i.e the influence
of the paternal line in hybrid pigs. The evaluated paternal lines of pigs (Duroc sire breed and
Duroc x Belgian Landrace hybrid sire) did not affect any of the meat colour indicators.
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