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ABSTRACT: Pork quality and carcass characteristics
are now being integrated into swine breeding objec-
tives because of their economic value. Understanding
the genetic basis for these traits is necessary for this
to be accomplished. The objective of this study was to
estimate phenotypic and genetic parameters for carcass
and meat quality traits in 2 Canadian swine populations.
Data from a genomic selection study aimed at improv-
ing meat quality with a mating system involving hybrid
Landrace x Large White and Duroc pigs were used to
estimate heritabilities and phenotypic and genetic cor-
relations among them. Data on 2,100 commercial
crossbred pigs for meat quality and carcass traits were
recorded with pedigrees compromising 9,439 animals
over 15 generations. Significant fixed effects (company,
sex, and slaughter batch), covariates (cold carcass weight
and slaughter age), and random additive and common
litter effects were fitted in the models. A series of pair-
wise bivariate analyses were implemented in ASReml to
estimate phenotypic and genetic parameters. Heritability
estimates (£SE) for carcass traits were moderate to high
and ranged from 0.22 + 0.08 for longissimus dorsi muscle

area to 0.63 = 0.04 for trimmed ham weight, except for
firmness, which was low. Heritability estimates (£SE) for
meat quality traits varied from 0.10 = 0.04 to 0.39 + 0.06
for the Minolta b* of ham quadriceps femoris muscle and
shear force, respectively. Generally, most of the genetic
correlations were significant (P < 0.05) and ranged from
low (0.18 £ 0.07) to high (—0.97 £ 0.35). There were high
negative genetic correlations between drip loss with pH
and shear force and a positive correlation with cooking
loss. Genetic correlations between carcass weight (both
hot and cold) with carcass marbling were highly posi-
tive. It was concluded that selection for increasing primal
and subprimal cut weights with better pork quality may
be possible. Furthermore, the use of pH is confirmed as
an indicator for pork water-holding capacity and cooking
loss. The heritabilities of carcass and pork quality traits
indicated that they can be improved using traditional
breeding methods and genomic selection, respectively.
The estimated genetic parameters for carcass and meat
quality traits can be incorporated into the breeding pro-
grams that emphasize product quality in these Canadian
swine populations.
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INTRODUCTION

Meat quality and carcass yield are growing in im-
portance for meat processors, packers, and consumers
because of their high economic value. Processors are
normally paid for the weight of the carcass and not for
the weight of each primal cut. More recently, the pork in-
dustry is moving towards using a grading system meet-
ing the demands of processors, packers, and consumers
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based on different primal cut weights (van Wijk et al.,
2005). Specific goals of breeding strategies are changed
because of alterations in the price of each component of
the carcass. However, assessing meat quality on a routine
basis is difficult and expensive for processors.

Anecdotally, many pork producers have been par-
ticularly attentive to lean meat content as well as to
marbling and quality grade to better meet consumer de-
mands. Consequently, carcass and meat quality traits
are of increasing relevance for the pig industry. This
has led to the development of breeding objectives that
include pork quality traits where increasing muscle tis-
sue and decreasing fat are 2 major objectives of swine
breeding programs. Meat quality traits are low to mod-
erately heritable while carcass composition traits are
highly heritable (Ciobanu et al., 2011).

Genetic improvement of meat and carcass quality in
swine breeding program requires estimating the genetic
and phenotypic parameters of these traits. Estimates of
heritabilities for meat quality and carcass characteristics
and genetic correlations between these economically
important traits are limited but have received attention
recently (Newcom et al., 2002; van Wijk et al., 2005).
Study of genetic parameters for pork quality and carcass
characteristics is required for Canadian swine popula-
tions to implement selection programs that emphasize
product quality. The objectives of this study were 1) to
estimate heritabilities for various carcass and pork qual-
ity traits and 2) to estimate phenotypic and genetic cor-
relations between them in commercial crossbred pigs.

MATERIALS AND METHODS

The hogs used in this study were cared for according
to the Canadian Council on Animal Care (Olfert et al.,
1993) guidelines.

Animals and Management

The commercial crossbred pigs used in this study were
a combination of full and half sib progeny groups repre-
senting a multigeneration family structure drawn from
breeding populations (Hypor Inc., Regina, SK, Canada,
and Genesus Genetics, Oakville, MB, Canada). These pigs
were progeny from 139 Duroc boars bred to 429 F, hybrid
Landrace x Large White sows. These breeds are represen-
tative of a large proportion of the Canadian pork produc-
tion herd. Duroc is being increasingly used for its increased
marbling and pH and darker color (redness) of the meat
as a result of retailer demand for improved meat quality
(Plastow et al., 2005). Pedigree information of 15 ancestral
generations comprising 9,439 individuals was available.

Slaughter and Carcass Evaluation

Approximately half of the pigs were born and raised
in a farm managed by Hypor in Regina, SK, Canada, and
rest of them in a farm managed by Genesus Genetics
in Oakville, MB, Canada. Piglets were born and raised
under commercial finishing conditions with ad libitum
access to a canola, wheat, barley, and soybean diet and
water. Males were castrated at 3 to 5 d after birth. The
pigs were grown to a final test weight of 115 kg. All
pigs were shipped to a provincial abattoir near Brandon,
MB, Canada, on the Wednesday of each week after they
completed their test period. Average slaughter weight
was 124 kg live weight, and the average age at slaugh-
ter was 160 d. Animals were shipped to the slaughter
plant on a weekly basis with the Hypor slaughter groups
ranging from 20 to 35 pigs and the Genesus slaughter
groups ranging from 20 to 25 pigs. Pigs were housed
overnight at the abattoir with ad libitum access to water.
All animals in a batch were slaughtered the following
morning and the carcass traits were collected within 24 h
postmortem. Slaughter date was recorded for all animals,
and this was used to assign a slaughter batch (n = 88).

Hot carcass weight, which was defined as the weight
of'the carcass including the head, leaf fat, and kidneys on
the carcass, was recorded on the kill floor immediately
after animals were stunned, exsanguinated, scalded, de-
haired, and dressed and the carcass was split. Following
an 18- to 24-h chill, the cold carcass weight (CCW) and
the carcass length (CLEN) were recorded. At this point,
the carcasses were broken into the primal cuts (ham,
shoulder, belly, and loin). The loin was further broken
into the front (anterior portion), a 3-rib sample, a 3-cm
chop, a 4-rib sample, and a back (posterior portion). The
3-rib and 4-rib segments were frozen in preparation for
shipping to the University of Alberta’s Meat Science
Laboratory (Edmonton, AB, Canada). The chop was re-
moved at the level of the third and fourth last rib (which
corresponded to the Canadian grading site) and was
used to determine 1) the area of the longissimus dorsi
muscle (LEA); 2) subcutaneous backfat depth (FD) and
loin depth (LD); 3) texture score (TEXS) measured as a
tactile rating that assessed the degree of firmness and ex-
udation or weeping of the longissimus dorsi muscle on a
subjective 5-point scale (1 = extremely soft and weeping
and 5 = very firm and dry, with a score of 3 being nor-
mal) to determine if the loin was pale, soft, and exuda-
tive; and 4) subjective carcass marbling score (CMAR;
1 to 6, with 0 = devoid, 1 = practically devoid, 2 = trace
amount of marbling, 3 = slight, 4 = small, 5 = moderate,
and 6 = abundant) as determined by the National Swine
Improvement Federation marbling charts (NSIF, 1997).

Primal cuts of ham, loin, shoulder, and belly were
weighed and further dissected into trimmed subprimal
cuts. The weights of the untrimmed ham, subdivisions
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of the loin (front, 3-rib sample, chop, 4-rib sample, and
back), shoulder, and belly were combined to determine
the untrimmed side weight (USW). Hams with foot at-
tached or untrimmed (untrimmed ham weight [UHAM])
and untrimmed shoulders (untrimmed shoulder weight
[USH]) were removed from the side weight. Belly (un-
trimmed belly weight [UBEL]) and loin (untrimmed loin
weight [ULOIN]) were separated from each other and
weighed. Hams were processed to a bone-in ham with-
out fat cover and with the foot and tail bone (trimmed
ham weight [THAMY]). The commercial fat trim of the
loin was obtained by a commercial trim of the front and
back portions and, using that percentage to estimate the
trimmed weight on the chop and the 3-rib and 4-rib sam-
ples, these were then combined with the trimmed weights
of the front and back to obtain the trimmed weight of the
entire loin (trimmed loin weight [TLOIN]). The neck
bones and jowl were removed from the shoulder, and
the picnic (trimmed picnic shoulder weight [PICN]) and
butt (butt shoulder weight [BUTT]) were separated. The
square cut bellies were trimmed (trimmed belly weight
[TBEL]) and the ribs (ribs weight [RIBS]) were removed.

Meat Quality Measurements

Meat quality measurements were taken in both the
slaughterhouse and University of Alberta’s Meat Science
Laboratory and measurements were performed on both
loin and ham. At the slaughterhouse, the front or anterior
portion of the loin (longissimus dorsi muscle) was used
in determining Minolta color and ultimate pH (PHU) or
24-h pH. Loin Minolta L*, a*, and b* (LOINL, LOINA,
and LOINB) were taken on 4 sites on the fresh cut surface
of a loin chop from the boneless center cut loin using a
Minolta CR 310 colorimeter set at C illuminant (Minolta,
Osaka, Japan). An PHU measurement was taken in the
loin muscle at 2 locations at 24 h postmortem. Meat qual-
ity measurements taken on the ham included Minolta L*,
a*, and b* values on the fresh cut surface of the inside
ham muscle on the gluteus medius (ham gluteus medius
Minolta L* [HGML], ham gluteus medius Minolta a*
[HGMA], and ham gluteus medius Minolta b* [HGMB]),
quadriceps femoris (ham quadriceps femoris Minolta L*
/HQFL/, ham quadriceps femoris Minolta a* [HQFA],
and ham quadriceps femoris Minolta b* [HQFB]), and il-
iopsoas muscles (ham iliopsoas Minolta L* [HILL], ham
iliopsoas Minolta a* [HILA], and ham iliopsoas Minolta
L* [HILB]). Drip loss (DL) determination at the abat-
toir involved weighing the 3-cm defatted and deboned
loin chop and placing it on a stainless steel grid within
a container for 48 h at 4°C. At the end of the 48 h, the
meat samples were lightly blotted dry with a soaker pad
and weighed. The difference in weight was expressed as a
percentage of the initial weight to determine DL.
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At 4 d postmortem, frozen 3-rib and 4-rib samples of
the loin of each carcass were packed in coolers and trans-
ported by overnight courier to Meat Science Laboratory
at the University of Alberta for further meat quality anal-
yses. Before analysis, the pork loin was removed from
frozen storage and allowed to thaw at 4°C for 61 h. Each
thawed pork loin was removed from the vacuum pack-
age bag and was weighed and recorded as whole loin
weight (WLW), defined as the weight of 3-rib and 4-rib
samples of the loin received at University of Alberta con-
taining meat, fat, and bone. The thick backfat was taken
from the loin and was weighed and recorded as backfat
weight (BFW). Then, rib eye was removed from the loin
and its weight was recorded as rib eye weight (REAW),
and it was used for the meat quality assays. A 3-cm chop
was removed from the tail end of the loin section and
refrigerated at 4°C for 1 h. Rib eye area Minolta L*, a*,
and b* (REAL, REAA, and REAB) values were taken
on 3 sites of the chop using a commercial color meter
(CR400; Konica-Minolta, Osaka, Japan) on a D 65 light
setting that mimics daylight. To measure cooking loss
(CL), a 200-g roast was cooked in a 71°C water bath and
weighed before and after cooking and CL was recorded
as the percentage of weight change divided by the ini-
tial weight multiplied by 100. Shear force (SHF) was the
mean of six 1-cm? cores cut from the roast that had been
cooked and then refrigerated overnight at 4°C. The re-
mainder of the pork loin section was physically dissected
into muscle and fat, recorded as rib trim weight (RTW),
and bone, recorded as bone weight (BOW).

Statistical and Genetic Analyses

There were 2,100 pigs with meat quality and carcass
data. The significance of the fixed effects and covariates
were determined for each trait using the GLM procedure
of SAS (SAS Inst., Inc., Cary, NC), and different signifi-
cant (P < 0.1) fixed factors for each trait were remained
in the subsequent mixed model analyses. Likelihood
ratio test was used to determine the significance of dif-
ferent random terms in the mixed model analysis using
ASReml 3.0 (Gilmour et al., 2009). By comparing twice
the difference in logarithmic likelihoods between the
full and reduced models with 2 having degrees of free-
dom equal to the number of parameters tested, it was
confirmed that the effects of common litter were not sig-
nificant (P > 0.05) for meat quality and carcass traits,
except for HCW, CCW, LEA, PHU, and DL. Maternal
genetic effects were tested in a similar manner and were
shown to be not significant (P > 0.05).

Genetic and phenotypic (co)variances were esti-
mated for commercial crossbred populations using a
pairwise bivariate animal model using ASReml 3.0 soft-
ware (Gilmour et al., 2009). The animal model included
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random additive polygenic effects in the final model for all
traits and random litter effect for some traits. Birth weight,
WLW received at Meat Science Laboratory, CCW, and
slaughter age were included in the model as linear covari-
ates. Company, sex, and slaughter batch were included in
the model as fixed effects. The model is given by

Y, X, 0 ||b, Z, 0] a Z, 0 |c e
|:y2]:{ 0 Xj{bz:|+|: 0 Zj|:aj+[ 0 Z4]|:c2:|+|:ej
in which y, and y, are the vectors of phenotypic measure-
ments for traits 1 and 2, respectively; X, and X, are the in-
cidence matrices relating the fixed effects to vectors y; and
¥,, Tespectively; b, and b, are the vectors of fixed effects
for traits 1 and 2, respectively; Z, and Z, are the incidence
matrices relating the phenotypic observations to the vector
of polygenic (a) effects for traits 1 and 2, respectively; Z,
and Z, are the incidence matrices relating the phenotypic
observations to the vector of common litter (c¢) effects for
traits 1 and 2, respectively; and e, and e, are the vectors of

random residuals for the traits 1 and 2, respectively.

It was assumed that random effects were indepen-
dent. In particular, the variances were assumed to be
V(a)=Ao’, V(c)=Io’, and V(e)=1Io?, in which A is
the numerator relationship matrix, I is the identity ma-
trix, o2 is a direct additive genetic variance, o> is a com-
mon litter effect variance, and o? is a residual variance.
Heritability was estimated using variance components
obtained from the bivariate analyses, and the average

estimates of corresponding pairwise bivariate analyses
were reported as the heritabilities:

hzzci/(c§+of).

A preliminary univariate animal model for each trait
was performed to obtain initial values of variance param-
eters that were then used in subsequent bivariate analyses.
The initial values of covariance parameters between traits
were obtained by multiplying their standard deviations
by their phenotypic or genetic correlations. Pairwise bi-
variate analyses were performed separately for carcass
and meat quality traits. The 2-trait animal model used
to estimate (co)variance components, phenotypic and ge-
netic correlations as well as the heritabilities was imple-
mented in ASReml 3.0 (Gilmour et al., 2009).

RESULTS AND DISCUSSION

Means and Standard Deviations

Most of the traits were recorded on all individuals
within group. Means, standard deviations, number of
measurements per trait, and minimum and maximum for
each carcass and meat quality trait are given in Table 1.

There are a total of 19 carcass and 24 meat quality traits
analyzed in this study. Most of the carcass traits had
2,084 observations except for TBEL with 1,663 and
HCW and CCW with 2,086 observations. Most of the
meat quality traits had 2,067 to 2,084 observations ex-
cept for DL with 1,418 observations available for the
analysis (Table 1). Furthermore, relevant fixed and ran-
dom effects fitted in the mixed model analysis for car-
cass and meat quality traits are presented in Table 2.

Heritability Estimates

Heritability estimates with their standard errors are
presented in Tables 3 and 4 (diagonal elements). Several
factors influence the heritability estimates, which may
include the end-point adjustment such as age or weight
adjustment, sampling, population size, effect of het-
erosis on crossbred populations, and the completeness
of pedigree (Miar et al., 2014). Although a total of 43
heritabilities for carcass (n = 19) and meat quality (n =
24) traits were presented in Tables 3 and 4 for complete-
ness, we will mainly focus here on those new and rarely
reported traits. Heritabilities for some traits reported
extensively elsewhere will not be discussed unless it is
useful to compare them with the present study.

Heritability estimates (+SE) for carcass traits were
moderate to high except for firmness that was low, and
ranged from 0.22 + 0.08 for LEA to 0.63 + 0.04 and 0.63 +
0.06 for THAM and ULOIN, respectively. Carcass traits
generally have been reported as moderate to high heritable
traits in previous studies. Primal and subprimal cuts weights
were more heritable (0.51 on average) than subjective mar-
bling score (0.23 £ 0.05). Heritability estimates for UBEL
(0.49 £ 0.06) and TBEL (0.53 £ 0.06) were nearly identical.
Heritability estimate for ULOIN was more heritable (0.63 £
0.06) than TLOIN (0.52 £ 0.07). This was different for the
UHAM, which was less heritable (0.46 & 0.06) compared to
THAM (0.63 + 0.04). The heritability estimates obtained for
carcass traits are among the highest heritabilities estimated
in this study. The high values of heritability for the carcass
traits would indicate the significant potential for improving
carcass merit traits in commercial crossbred pigs.

The heritability estimates for HCW and CCW were
0.28 + 0.08, and 0.29 + 0.08, respectively. Zumbach et al.
(2008) reported low to moderate heritability of 0.14 and
0.28 for carcass weight in environments without and with
heat stress, respectively, and this is the only literature avail-
able at the present. The moderate heritabilities for HCW and
CCW indicate that genetic improvement for these traits is
achievable through selection. Heritability estimates for ba-
sic carcass yield component traits were 0.31 £ 0.06, 0.41 £
0.06, and 0.51 = 0.07 for FD, LD, and CLEN, respectively.
Backfat depth is the most studied trait among all carcass
merit traits as it is related to overall carcass yield (Marcoux
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Table 1. The descriptive statistics for carcass and meat quality traits: abbreviations, number of animals per trait (n),
means, SD, minimum (Min.), and maximum (Max.) values

Trait Abbreviation n Mean SD Min. Max.

Carcass trait
Hot carcass weight, kg HCW 2,086 93.12 9.13 64.60 130.00
Cold carcass weight, kg CCW 2,086 80.58 8.02 55.50 115.30
Backfat depth, mm FD 2,084 14.42 4.00 6.00 32.00
Loin depth, mm LD 2,084 68.46 5.50 52.00 88.00
Carcass length, cm CLEN 2,084 83.43 2.78 52.30 92.40
Longissimus dorsi muscle area, cm? LEA 2,084 53.20 591 35.00 74.50
Texture score TEXS 2,084 3.02 0.37 1.00 4.00
Carcass marbling score CMAR 2,084 291 1.03 1.00 6.00
Untrimmed side weight, kg USW 2,084 39.85 3.98 27.25 57.01
Untrimmed ham weight, kg UHAM 2,084 11.04 0.97 8.41 15.09
Untrimmed loin weight, kg ULOIN 2,084 14.56 5.07 7.12 29.37
Untrimmed shoulder weight, kg USH 2,084 9.49 1.82 5.23 15.98
Untrimmed belly weight, kg UBEL 2,084 8.29 1.38 4.39 12.71
Trimmed ham weight, kg THAM 2,084 8.29 1.38 4.39 12.71
Trimmed loin weight, kg TLOIN 2,084 7.53 3.70 1.52 13.51
Trimmed belly weight, kg TBEL 1,663 11.33 2.92 6.24 18.76
Trimmed picnic shoulder weight, kg PICN 2,084 7.02 2.53 1.76 14.40
Butt shoulder weight, kg BUTT 2,084 4.30 0.51 2.77 6.53
Ribs weight, kg RIBS 2,084 3.04 1.10 1.05 5.84

Meat quality trait
Whole loin weight,! kg WLW 2,067 1.53 0.24 0.15 2.61
Rib eye weight,! kg REAW 2,077 0.60 0.10 0.25 0.99
Backfat weight,! kg BFW 2,074 0.35 0.11 0.04 1.41
Rib trim weight,! kg RTW 2,071 0.35 0.07 0.17 0.87
Bone weight,! kg BOW 2,077 0.17 0.03 0.08 0.36
Cooking loss,! % CL 2,073 26.69 3.26 11.65 53.74
Rib eye area Minolta L*! REAL 2,075 44.45 2.84 30.55 56.85
Rib eye area Minolta a*! REAA 2,075 7.81 1.21 3.39 11.94
Rib eye area Minolta b*! REAB 2,075 2.81 1.21 -1.54 7.48
Shear force, N! SHF 2,074 49.02 1.29 21.62 118.00
Loin Minolta L* LOINL 2,084 48.42 2.84 39.83 60.50
Loin Minolta a* LOINA 2,084 6.18 1.60 2.00 12.43
Loin Minolta b* LOINB 2,084 15.07 2.03 9.10 2235
Ultimate pH PHU 2,084 5.73 0.18 5.28 6.36
Ham gluteus medius Minolta L* HGML 2,084 4535 2.40 37.80 54.20
Ham gluteus medius Minolta a* HGMA 2,084 6.75 1.24 2.40 10.90
Ham gluteus medius Minolta b* HGMB 2,084 13.78 1.20 9.60 17.70
Ham quadriceps femoris Minolta L* HQFL 2,084 50.06 3.38 36.30 62.30
Ham quadriceps femoris Minolta a* HQFA 2,084 4.69 1.59 0 17.70
Ham quadriceps femoris Minolta b* HQFB 2,084 13.91 1.60 9.20 19.50
Ham iliopsoas Minolta L* HILL 2,084 42.79 2.80 32.60 54.90
Ham iliopsoas Minolta a* HILA 2,084 19.72 1.80 12.00 25.80
Ham iliopsoas Minolta b* HILB 2,084 16.99 1.70 11.30 22.20
Drip loss, % DL 1,418 1.49 0.19 0.72 2.14

! All information is from the rib eye muscle received at the University of Alberta’s Meat Science Laboratory (Edmonton, AB, Canada).

etal., 2007). For FD, the estimate in this study (0.31£0.06)  heritability in this study (0.51 + 0.07) was in agreement
was lower than the average heritability (0.43) of many pre-  with the average (0.56 and 0.57) of all studies reviewed by
vious studies reported by Ciobanu et al. (2011). Heritability =~ Stewart and Schinckel (1991) and Ducos (1994), respec-
estimate of LD in the present study (0.41 + 0.06) was close  tively. These moderate to high heritabilities would be ex-
to the average (0.47) of many previous studies reported by ~ pected because pig breeders have known that these carcass
Stewart and Schinckel (1991). For CLEN, the estimate of  traits are easy to change by selection.
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Table 2. Significance of the fixed and random effects included in the models for the analysis of carcass and meat quality traits

Fixed effects Random effects

Trait Company Sex Batch Age WLW! CCwW? Dam Litter Animal

Carcass traits
Hot carcass weight *x wx *K *x - - NS3 o v
Cold carcass weight K wx K K - - NS o v
Backfat depth NS wx * NS - - NS NS v
Loin depth *x wx K NS - - NS NS v
Carcass length ok oK ok ok - - NS NS v
Longissimus dorsi muscle area *x wx K K - - NS o v
Texture score ok NS ok - - - NS NS v
Carcass marbling score NS wx K - - - NS NS v
Untrimmed side weight *x wx K K - - NS NS v
Untrimmed ham weight ok NS ok ok - - NS NS v
Untrimmed loin weight ok oK ok ok - - NS NS v
Untrimmed shoulder weight *x wx K K - - NS NS v
Untrimmed belly weight ok oK ok ok - - NS NS v
Trimmed ham weight ok NS ok ok - - NS NS v
Trimmed loin weight ok NS ok ok - - NS NS v
Trimmed belly weight ok oK ok ok - - NS NS v
Trimmed picnic shoulder weight ok oK ok ok - - NS NS v
Butt shoulder weight oK wx K oK - - NS NS v
Ribs weight * * ok ok - - NS NS v

Meat quality traits
Whole loin weight ok oK ok - - K NS NS v
Rib eye weight NS oK ok - ok - NS NS v
Backfat weight ok oK ok - ok - NS NS v
Rib trim weight ok ok ok - ok - NS NS v
Bone weight ok oK ok - ok - NS NS v
Cooking loss ok oK ok - - - NS NS v
Minolta L* rib eye area * oK ok - - - NS NS v
Minolta a* rib eye area ok oK ok - - - NS NS v
Minolta b* rib eye area ok oK ok - - - NS NS v
Shear force NS oK ok - - - NS NS v
Minolta L* loin NS * K - - - NS NS v
Minolta a* loin * wx K - - - NS NS v
Minolta b* loin oK wx K - - - NS NS v
pH ultimate oK NS K - - - NS ok v
Minolta L* ham gluteus medius NS NS K - - - NS NS v
Minolta a* ham gluteus medius NS wx K - - - NS NS v
Minolta b* ham gluteus medius oK wx K - - - NS NS v
Minolta L* ham quadriceps femoris oK NS K - - - NS NS v
Minolta a* ham quadriceps femoris oK NS K - - - NS NS v
Minolta b* ham quadriceps femoris K NS K - - - NS NS v
Minolta L* ham iliopsoas *x wx K - - - NS NS v
Minolta a* ham iliopsoas *x NS K - - - NS NS v
Minolta b* ham iliopsoas *x o K - - - NS NS v
Drip loss *x NS K - - - NS o v

I'WLW = whole loin weight (received at the University of Alberta [Edmonton, AB, Canada]).
2CCW = cold carcass weight.

3NS = nonsignificant.

**P <0.05; *P<0.1.
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Table 3. Estimates of genetic (below diagonal) and phenotypic (above diagonal) correlations, heritabilities (diago-
nal), and their standard error of estimates among carcass traits

Trait! HCW CCW FD LD CLEN LEA TEXS CMAR USW
HCW 0.28 +0.082  0.32 +0.02 0.50 £ 0.04 0.37 £ 0.04 0.63 £ 0.02 0.30 £ 0.02 0.38 £ 0.05 0.44 £ 0.04 0.98 £ 0.00
CCW 0.64 +0.22 0.29 £0.08 0.47 £ 0.04 0.39 £ 0.04 0.59 £ 0.02 0.32 +£0.02 0.37 £ 0.05 0.44 £0.05 0.99 £ 0.00
FD 0.39 £ 0.15 0.35+0.16 0.31+£0.06 —-0.37=+0.02 0.01 £0.03 -0.38+0.02 —0.14 +0.02 0.33 £0.02 0.33 £0.03
LD 0.77 £ 0.24 0.78+0.21 -0.34+0.12 0.41 £ 0.06 0.11 £ 0.03 0.70 £0.01 -0.04+0.03 -0.22+0.03 0.22 £0.03
CLEN 0.89 + 0.06 0.77 £0.15 0.19+0.12 0.14+0.11 0.51 +£0.07 0.35+0.05 -0.01+0.03 -0.00+0.03 0.61 £ 0.02
LEA 0.70 + 0.26 0.63+0.26 —-0.24+0.13 0.78 £ 0.05 0.47 £0.14 0.22 +0.08 0.30 + 0.06 0.13+£0.08 0.43 £ 0.04
TEXS —0.61+0.27 —0.63+0.26 0.15+£023 —0.40+0.20 —0.09+0.19 —0.56+0.28 0.09+0.04 —0.11+£0.02 -0.18+0.03
CMAR 0.63 +0.22 0.59 £0.21 0.33+£0.14 0.01 £0.15 0.03+0.14 0.05+0.20 0.04+£0.24 0.23 £0.05 0.16 £ 0.03
Usw 0.99 + 0.00 0.99 £ 0.00 0.28 £0.11 0.37 £0.10 0.80 £ 0.05 0.72+0.12 —-0.48+0.18 0.35+£0.13 0.55 £ 0.06
UHAM 0.99 + 0.02 0.99 £ 0.01 0.07+0.13 0.49 £ 0.09 0.71 £ 0.06 0.75+0.12 —-0.56 +0.17 0.22+0.14 0.93 £ 0.02
ULOIN 0.70 £ 0.07 0.73 £0.07 0.16 £0.19 0.53 £0.16 0.56 + 0.09 0.66£0.13 —0.32+0.27 0.02+0.14 0.62 £ 0.04
USH 0.99 + 0.01 0.98 £ 0.02 0.28 £0.11 0.29 £0.10 0.69 + 0.06 0.57+0.13 -0.47+0.17 0.42 £0.12 0.90 £ 0.02
UBEL 0.96 + 0.0 0.96 £ 0.03 0.30+£0.11 0.17+0.11 0.69 + 0.06 050£0.17 -0.25+0.19 0.19+0.13 0.78 £ 0.04
THAM 0.92 +0.12 0.91+£0.11 0.10+£0.09 0.24 £ 0.09 0.31 £0.07 042+0.13 -0.38+0.17 0.29 £0.11 0.52 £ 0.06
TLOIN 0.88 + 0.08 0.88 +£0.08 0.00+0.13 0.44 £0.10 0.56 + 0.08 0.79+0.12 -028+0.19 -0.06+0.14 0.57 £0.06
TBEL 0.42 +0.17 0.41£0.17 0.15+0.11  —-0.10+0.11 0.12+0.10 -0.01+0.16 —-0.13+0.19 0.11+0.13 0.22 £0.09
PICN 0.70 £ 0.16 0.70 £ 0.16 0.02+0.12 0.06 +0.11 0.17+0.10 027+0.16 -0.23+0.19 0.18+0.13 0.39 £ 0.09
BUTT 0.78 £ 0.13 0.82+0.13 —0.15+0.14 0.31 £0.12 0.36 £ 0.11 0.69+0.16 —0.61+0.21 0.22+0.15 0.60 £ 0.08
RIBS 0.71 £ 0.13 0.17+£038 -0.23+0.16 0.27+0.15 0.52 +£0.11 0.56+0.19 —0.49+0.23 0.15+£0.17 0.61 £ 0.09
Trait UHAM ULOIN USH UBEL THAM TLOIN TBEL PICN BUTT RIBS
HCW 0.63+£0.02 0.67+0.01 0.63+0.01 0.58+0.01 0.56+0.02 0.60+0.01 0.46=+0.04 0.45=0.04 0.40=0.04 0.35+0.05
CCW 0.67+0.02 0.70+0.01 0.66+0.02 0.61+0.01 0.58+0.02 0.63+0.01 047+0.04 0.46=0.04 0.41=0.04 0.43+0.03
FD 0.12£0.03 0.38+0.05 0.32+0.03 0.31+0.03 0.09+£0.03 0.03+0.03 0.14+0.03 0.03+0.03 -0.01+0.03 0.01=+0.03
LD 0.32+0.03 041+0.05 011£0.03 0.12+0.03 0.22+0.03 035+0.03 0.01+0.03 0.13+0.03 0.19+£0.03 0.17 +0.03
CLEN  0.52+0.02 0.53+0.04 050+0.02 0.51+0.02 036+0.03 052+0.03 0.16+0.03 0.24+0.03 0.29+0.03 0.39 +0.03
LEA 046+0.03 045+0.04 035+0.05 0.39+0.05 0.40+0.04 051+0.03 031+0.06 0.35+0.05 0.35+0.04 0.33+0.05
TEXS -0.13+0.03 —0.17+0.03 -0.14+0.03 -0.15+0.03 -0.07+0.03 -0.15+0.03 —0.07+0.02 —-0.07+0.02 -0.07=+0.02 —0.11 £ 0.03
CMAR 0.04+0.03 0.08+0.04 022+0.03 0.12+0.03 0.07+0.03 0.04+0.03 0.06+0.02 0.02+0.02 0.03+£0.02 0.08 +0.03
UsSw 0.88+0.01 0.75+0.01 0.86+0.01 0.83+0.01 0.62+0.02 0.70+0.02 0.29+0.03 0.42+0.03 0.47=0.02 0.48+0.03
UHAM 0.46+0.06 0.66+0.03 0.70+0.02 0.74+0.01 0.70£0.01 0.63+0.02 0.24+0.03 0.39+0.03 0.43+0.02 0.43+0.03
ULOIN 0.77+£0.12 0.63+0.06 0.44+0.03 0.74+0.01 0.07+0.02 091+0.01 0.13+0.03 0.22+0.03 0.26=0.03 0.42 +0.03
USH 0.83+0.04 0.15+0.11 055+0.06 0.56+0.02 0.60+0.02 036+0.03 0.21+0.03 0.42+0.03 0.49=0.02 0.39+0.03
UBEL  0.71£0.05 0.83+0.03 044+0.08 049+0.06 0.29+0.03 0.72+0.02 0.33+0.03 0.33+0.03 0.36=0.03 0.47+0.03
THAM  0.59+£0.05 -0.26 +0.08 0.57+0.04 0.02+0.08 0.63+0.04 0.21+0.03 0.21+0.03 0.31+0.03 0.34=0.03 0.32+0.04
TLOIN 0.53+0.08 096+0.01 0.15+0.10 0.87+0.03 0.18+0.07 0.52+0.07 0.09+0.03 0.21+0.03 0.28=0.03 0.44 +0.03
TBEL 0.21£0.10 —0.02+0.09 0.18%0.09 0.21£0.09 0.18£0.07 -0.06+0.10  0.53+0.06 0.67+0.02 0.40=0.02 0.50 = 0.03
PICN 0.38£0.09 0.15+0.10 0.36x0.09 0.28+0.10 0.21£0.06 0.09+0.10 0.91+0.07 0.44+0.06 0.49+0.02 0.51=0.03
BUTT  0.66+0.08 0.33+0.10 0.47+0.09 048+0.10 0.28=+0.09 0.42+0.11 0.63+0.08 0.75+0.06 0.29+0.05 0.42+0.02
RIBS 0.61+0.10 043+0.11 049+0.11 0.56+0.10 0.32+0.11 058+0.12 0.82+0.06 0.75+0.07 0.80=0.08 0.32+0.06

1CCW = cold carcass weight; FD = backfat depth; LD = loin depth; CLEN = carcass length; LEA = area of the longissimus dorsi muscle; TEXS = texture
score; CMAR = carcass marbling score; USW = untrimmed side weight; UHAM = untrimmed ham weight; ULOIN = untrimmed loin weight; USH = un-
trimmed shoulder weight; UBEL = untrimmed belly weight; THAM = trimmed ham weight; TLOIN = trimmed loin weight; TBEL = trimmed belly weight;
PICN = trimmed picnic shoulder weight; BUTT = butt shoulder weight; RIBS = ribs weight.

2The significant correlations are highlighted in bold (P < 0.05).

For LEA, the heritability estimate in the present study
(0.22 £ 0.08) was lower than estimates by Suzuki et al.
(2005) for ultrasound measurements of LEA in Duroc
(0.41) and average estimate (0.47) of previous studies by
Stewart and Schinckel (1991). The differences with pre-
vious studies may be due to using carcass measurement
in the current study compared to ultrasound measure-
ments in the previous studies. In addition to differences
in measurement techniques, sample size and statistical

models used for (co)variance estimation were also dif-
ferent from previous studies. Marbling is an estimate
of intramuscular fat, which has been associated with in-
creased sensory acceptance in cooked pork (Brewer et
al., 2001). The moderate heritability of CMAR in this
study (0.23 + 0.05) suggested that genetic improvement
of marbling might be possible. Intramuscular fat content
can also influence sensory quality. Generally, as intra-
muscular fat content increases, the sensory chewiness
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Table 4. Estimates of genetic (below diagonal) and phenotypic (above diagonal) correlations, heritabilities (diago-
nal), and their standard error of estimates among meat quality traits

Trait! WLW REAW BFW RTW BOW CL REAL REAA
WLW 0.28 +0.082  —0.14 +0.03 —0.24 +£0.03 0.12 £0.03 0.17 £0.03 0.10 £ 0.03 —-0.03 +£0.03 0.04 £ 0.02
REAW 0.16 £0.16 0.31 £ 0.06 —0.46 = 0.02 0.09 £ 0.03 -0.02+0.03 0.12 £0.03 —0.10 £ 0.02 0.23 £0.08
BFW -0.19+0.14 —0.88 +£0.07 0.38 £0.06 -0.27 £0.03 —0.22 +£0.03 -0.15+0.03 0.06 £ 0.03 0.29 £ 0.07
RTW 0.17+0.18 0.29+0.17 —0.69 = 0.12 0.22 £ 0.06 0.16 £ 0.03 0.07 £ 0.03 —0.04 £ 0.02 0.26 £ 0.08
BOW 0.23+£0.20 0.17+0.21 —0.48 +0.18 0.97 £0.21 0.12 £0.05 0.03 +0.03 —-0.03 +£0.03 0.27 £0.07
CL —0.02+0.18 0.49 £0.15 —0.43 +0.15 0.41£0.19 0.16 £0.24 0.20 £ 0.05 0.13 £0.03 —-0.00 +0.03
REAL —0.01+0.16 0.09+0.16 0.12+0.14 0.08+0.18 —0.37+0.20 0.10+0.18 0.28 £ 0.06 —0.19 £ 0.03
REAA -0.11+0.14 -0.27+0.16 0.07+0.16 -0.26£0.19 0.24+0.23 -0.14+0.19 -0.36 £ 0.16 0.26 £ 0.09
REAB —0.02+0.16 -0.01+0.15 0.14+0.14 -0.10+0.17 -0.15+0.21 -0.03+0.18 0.60 £ 0.10 0.59 £0.16
SHF 0.11+0.15 0.00 +0.15 0.38 +£0.35 0.09+0.17 0.12+0.20 0.58 £0.13 —0.33 +0.14 -0.15+0.16
LOINL 0.13+0.16 0.15+0.16 —0.13+0.15 0.20+0.18 —0.03 +£0.22 0.27+0.18 0.20+0.16 -0.21£0.17
LOINA —0.08 £0.15 -0.16 £0.15 —0.14+0.14 0.28+0.16 0.14+0.21 0.14 +0.53 -0.30 £ 0.15 0.76 £ 0.16
LOINB 0.25+0.18 0.07+0.18 -0.16+0.17 0.34+0.20 —0.02+0.26 0.38+0.19 -0.10£0.18 0.32+0.19
PHU —0.15+0.22 -0.38+0.23 0.04 +0.21 0.14+0.24 0.50+0.27 —0.62 +0.26 —0.02+£0.21 0.33+0.31
HGML —0.16 £0.18 0.35+0.17 -0.28+£0.16 0.40 £0.19 0.04+0.24 0.32+0.20 0.35+0.17 -0.29+0.18
HGMA -0.24+0.14 0.05+0.14 0.06 £0.13 -0.17£0.17 —0.02 +0.20 0.14+0.17 -0.19+0.14 0.43 £0.16
HGMB -0.21+0.21 0.40 £ 0.20 -0.14+0.20 0.29+0.23 —0.03 +£0.28 0.46 £ 0.22 0.23+0.21 0.13+0.23
HQFL -0.21+0.18 0.28+0.17 —0.03+0.17 0.09+0.20 0.10+£0.24 0.38+£0.19 0.40 £0.17 -0.28+0.20
HQFA —0.08 £0.16 -0.21+£0.16 0.13+£0.15 —0.24+0.18 0.18+0.22 -0.05+0.18 —0.40 £0.15 0.69 £0.18
HQFB -0.14+0.23 0.10+0.23 0.13+0.21 0.01 +£0.26 0.38+£0.29 0.43+0.25 0.04 +£0.23 0.19+0.23
HILL —0.01+0.16 0.02+0.15 0.21+0.14 —0.09+0.18 -0.18 +£0.22 0.11+0.18 0.16+0.16 0.03+0.17
HILA -0.20+0.19 -0.01+0.19 0.08+0.18 -0.17£0.21 0.03+£0.26 —0.09 +£0.22 -0.21+0.19 0.16 £0.20
HILB -0.02+0.17 -0.01+0.16 0.35£0.15 -0.20+0.19 —0.13+0.23 0.08+0.19 0.12+0.17 0.03+0.18
DL -0.31+0.19 0.39+£0.18 —0.44 = 0.16 0.09+0.22 —0.18+0.26 0.52 £0.20 0.57 £0.21 0.04 +0.30
Trait REAB SHF LOINL LOINA LOINB PHU HGML HGMA HGMB
WLW 0.02+0.02 -0.03+0.03 0.01+£0.03 -0.02+0.03 0.02 +0.03 0.09 +0.04 -0.00+0.03 -0.07+0.03 0.01+0.03
REAW —-0.16 £ 0.03 0.08 £0.03 -0.02+0.03  —0.09 £ 0.03 —0.06 £ 0.03 0.12 + 0.06 0.01+0.03 —0.03+0.03 —0.01 £0.03
BFW 0.10 £ 0.03 —0.13+0.03 0.03+0.03 0.04 +0.03 0.06 £ 0.03 0.13 £ 0.06 -0.04+0.03 0.04+0.02 0.00+0.03
RTW  -0.02+0.03 0.04+0.03 -0.01 £0.03  —0.00+0.03 -0.02 £0.03 0.20 £ 0.07 0.04 £0.02 —0.04+0.03 0.00+0.03
BOW  -0.02+0.03 0.08 =0.03 —0.03 +0.03 0.05+0.03 0.01 £0.03 0.20 +0.08 -0.02+0.03 —0.00+0.03 -0.02+0.02
CL 0.09 £ 0.03 0.29 £0.03 0.14 +0.03 0.07 £ 0.03 0.12 £0.03 —0.16 = 0.03 0.08 £0.03 0.07+0.03 0.09 +0.03
REAL  0.65+0.02 —0.18+0.03 0.23 +0.03 0.03+0.03 0.15+0.03 —0.12 £ 0.03 0.22+£0.03 0.02+0.03 0.18 +0.03
REAA  0.43+0.04 —0.09 +£0.03 0.01+0.03 0.37 £ 0.03 0.19 £ 0.04 —0.06 + 0.03 -0.02+£0.03 0.25+0.04 0.10£0.05
REAB  0.31+0.06 —0.19+0.03 0.17 +0.03 0.19 +0.03 0.21 £0.03 —0.13 +£0.03 0.16 £0.03 0.13+0.03 0.18 +0.03
SHF -0.35+0.13 0.39 £ 0.06 —0.06 + 0.03 0.00+0.03 —-0.03 +£0.03 -0.05+0.03 —0.07+0.03 0.05+0.03 -0.05+0.03
LOINL -0.03+0.16 —0.12+0.15 0.31£0.06 0.23 £ 0.03 0.77 £ 0.01 —0.37 £ 0.02 0.34+£0.02 0.04+0.03 0.30 +0.02
LOINA 0.19+0.14 0.22+0.14 —-0.40 + 0.15 0.36 + 0.06 0.72 £ 0.01 —0.30 +0.03 0.02+0.03 0.42+0.02 0.18 +0.03
LOINB  0.11+0.18 —0.01 £0.17 0.51£0.12 0.46 +0.13 0.20 £ 0.06 —0.44 +0.02 0.22+£0.03 0.24+0.03 0.31 +0.02
PHU 0.14+0.19 020+0.21 -0.65+0.21 —0.37+0.16 —0.64 = 0.16 0.15+0.09 —0.23£0.03 —0.14 £0.03 —-0.22 £ 0.02
HGML  0.03+0.17 -0.20+0.16 0.45+0.15 -0.42+0.16 —-0.06 + 0.20 —0.49 +0.23 0.22+£0.05 0.04+0.03 0.80 +0.01
HGMA 0.14+0.14 0.35+0.13 -0.30 + 0.14 0.55+0.11 0.13+0.17 0.01+0.20 —0.42+0.15 038+0.06 0.48+0.02
HGMB 0.32+0.21 0.09+0.20 0.33+0.19 0.03+0.21 0.39+0.21 —0.65+0.33 0.56+0.14 0.34+0.17 0.12 +0.05
HQFL  0.06+0.29 -0.30+0.17 0.66+0.14 —0.18+0.18 0.28 £0.20 —0.60 £ 0.26 0.74+£0.15 -0.20+0.17 0.36+0.22
HQFA  0.09+0.16 0.45+0.14 -0.16 £ 0.16 0.53 +£0.13 0.19+0.18 -0.11+£0.22 -0.18+0.18 0.52+0.12 0.24+0.21
HQFB  0.27+0.21 -0.05+0.21 0.67+0.17 0.19+0.21 0.71 £0.19 —0.98 £ 0.35 0.70+0.22 0.05+0.21 0.87+0.25
HILL 0.03+£0.15 -0.00+0.15 0.39+0.14 -0.15+0.15 0.30+0.17 -0.17+0.21 0.24+0.16 —0.06+0.14 0.36+0.18
HILA  -0.13+0.19 0.07+0.17 0.06 +0.19 0.43 £0.16 0.44£0.19 -0.39+0.27 -0.34+0.20 0.58+0.15 0.11+0.25
HILB -0.01+0.16 0.01+0.16 031+0.15 -0.00+0.16 0.48 £0.17 —0.48 +£0.23 0.13+£0.18 0.04+0.15 0.46=0.18

DL 0.23+0.19 —0.38 £ 0.18 0.55+0.24 0.42 £0.19 0.40+0.24 —0.99 + 0.49 0.30+0.21 0.06+0.18 0.26+0.24
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Table 4. (cont.)

Trait HQFL HQFA HQFB HILL HILA HILB DL
WLW -0.06 + 0.03 0.00+£0.03  —0.02+0.03  —0.03£0.03  —0.03+0.03 —0.04 +0.03 0.16 = 0.08
REAW 0.03 +0.03 ~0.03+£0.03  000+£0.03  —0.05£0.02  0.00+0.03 ~0.04 % 0.03 0.25 = 0.08
BFW ~0.00 + 0.03 0.02+£0.03  0.02+0.03 0.02+£0.03  —0.05+0.02 0.03+0.03 0.20 £ 0.10
RTW ~0.01+0.03 ~0.014£0.03  000+£0.03  —0.01+0.03  0.02+0.03 ~0.00 % 0.03 0.27 +0.08
BOW 0.02+0.03 0.04+£0.03  0.03£0.02 002003  0.01+0.03 ~0.02+0.03 0.28 = 0.08
CL 0.12+0.03 0.05+0.03  0.12£0.02 0.07 £ 0.03 0.03+0.03 0.06 +0.03 0.14 £ 0.03
REAL 0.18  0.03 ~0.00+£0.03  0.14%0.03 0.12+0.03  —0.01+0.03 0.10 0.03 0.27 +0.03
REAA 0.00 +0.03 0.23+0.03  0.11=0.04 0.02+0.03 0.1 £ 0.03 0.06 + 0.04 0.06 £ 0.03
REAB 0.15 % 0.03 0.11£0.03  0.17+0.03 0.08 = 0.03 0.02+0.03 0.08 £ 0.03 0.25 £ 0.03
SHF ~0.05+0.03 0.06+0.03  —0.00£0.03  —0.00£0.03  0.05=0.03 ~0.00 + 0.03 ~0.10 +0.03
LOINL 0.30 = 0.02 —0.014+0.03  0.24=0.02 0.24 £ 0.03 0.06 = 0.03 0.23 +0.03 0.26 = 0.03
LOINA 0.08 = 0.03 0.29+0.03  0.17 £0.03 0.04+0.03 0.19 £ 0.03 0.11 £ 0.03 0.24 +0.03
LOINB 0.24 £ 0.02 0.13+0.03  0.26+0.02 0.20 = 0.03 0.14 £ 0.03 0.24 % 0.03 0.30 = 0.03
PHU ~0.17+0.03 ~0.08+0.03  —0.18£0.02  —0.17£0.03  —0.12+0.03 ~0.19+0.03 ~0.16 +0.03
HGML 0.31 £ 0.02 —0.01£0.03  0.240.02 0.24+0.03  —0.04+0.03 0.18 £ 0.03 0.16 = 0.03
HGMA 0.09 +0.03 0.32+0.03  0.19+0.03 0.12 £ 0.03 0.26 = 0.02 0.21+0.03 0.14 £ 0.03
HGMB 0.25 £ 0.02 0.13+0.03  0.29+0.02 0.26 = 0.02 0.10 = 0.02 0.30 0.02 0.19 = 0.03
HQFL 0.19 £ 0.05 —0.03+0.03  0.74%0.01 0.24 £ 0.03 0.03 +0.03 0.19 % 0.03 0.16 = 0.03
HQFA ~0.46 £ 0.17 0.27+0.06  0.53£0.02  —0.06+0.03  0.23+0.02 0.06 = 0.03 0.10 = 0.03
HQFB 0.67 +0.13 0.20+0.21 0.10 £ 0.04 0.13 +0.03 0.12 = 0.02 0.18 = 0.02 0.16 = 0.03
HILL 0.09+0.18 —0.18+0.16  0.10+0.22 0.32 £ 0.06 0.17 0.03 0.83 = 0.01 0.13 +0.03
HILA 0.01+0.22 038+0.17  021+£026  —029+0.19  0.16+0.05 0.52 % 0.02 0.08 = 0.03
HILB 0.04+0.19 —0.11£0.17  031£0.39 0.92 +0.03 0.00+0.21 0.26  0.06 0.15 £ 0.03
DL 0.36+0.22 008+0.19  0.41=0.26 0.16+0.20 0.09+0.23 0.24+0.21 0.21 = 0.09

I'WLW = whole loin weight; REAW = rib eye weight; BEW = backfat weight; RTW = rib trim weight; BOW = bone weight; CL = cooking loss; REAL = rib
eye area Minolta L*; REAA = rib eye area Minolta a*; REAB = rib eye area Minolta b*; SHF = shear force; LOINL = loin Minolta L*; LOINA = loin Minolta
a*; LOINB = loin Minolta b*; PHU = ultimate pH; HGML = ham gluteus medius Minolta L*; HGMA = ham gluteus medius Minolta a*; HGMB = ham gluteus
medius Minolta b*; HQFL = ham quadriceps femoris Minolta L*; HQFA = ham quadriceps femoris Minolta a*; HQFB = ham quadriceps femoris Minolta b*;
HILL = ham iliopsoas Minolta L*; HILA = ham iliopsoas Minolta a*; HILB = ham iliopsoas Minolta b*; DL = drip loss.

2The significant correlations are highlighted in bold (P < 0.05).

score decreases, especially in pork with normal pH val-
ues (Lonergan et al., 2007). It appears that the estimate
of CMAR in this study is within the range of previous re-
ports. Most studies (Lo et al., 1992; Gibson et al., 1998;
Sonesson et al., 1998; van Wijk et al., 2005) estimated a
low to moderate (0.13—0.31) heritability for CMAR. The
estimated heritability of TEXS in this study was 0.09 +
0.04, indicating the presence of a small additive genetic
effect on TEXS. The difference (0.09 vs. 0.20) between
this study and van Wijk et al. (2005) may be due to the
existence of heterosis in this crossbred population, dif-
ferent subjective measurement of firmness, and different
statistical models used for (co)variance estimation.
Heritability estimates for primal and subprimal cuts
weight were 0.55 £ 0.06, 0.46 + 0.06, 0.63 = 0.06, 0.55 +
0.06, 0.49 £ 0.06, 0.63 + 0.04, 0.52 = 0.07, 0.53 + 0.06,
0.44+0.06,0.29+0.05, and 0.32 + 0.06, for USW, UHAM,
ULOIN, USH, UBEL, THAM, TLOIN, TBEL, PICN,
BUTT, and RIBS, respectively. These heritabilities are
among the highest in this study and were within the range
of previous reports (Newcom et al., 2002; van Wijk et al.,
2005), which presented a range of 0.40 to 0.57 for UHAM,

0.29 to 0.51 for ULOIN, 0.39 to 0.76 for THAM, 0.51 to
0.72 for TLOIN, and 0.51 for UBEL. However, limited
studies on heritability estimation of primal and subprimal
traits, especially for USW, USH, UBEL, TBEL, PICN,
BUTT, and RIBS, make it difficult to compare these results
with literature values. The estimated heritabilities of these
traits were moderate or high indicating great opportunities
to improve these traits in swine breeding programs.

Heritability estimates (+SE) for meat quality traits
varied from 0.10 + 0.04 for HQFB to 0.39 + 0.06 for
SHF. The heritability estimates for the traits related to
water-holding capacity were low to moderate including
DL, PHU, and CL (0.21 + 0.09, 0.15 + 0.09, and 0.20 +
0.05, respectively). Different measurements of REAW
had a moderate heritability and ranged from 0.22 + 0.06
for RTW to 0.38 + 0.06 for BFW, except for the BOW of
rib eye, which was low (0.12 + 0.05).

Ultimate pH is the most studied trait among all meat
quality traits because it is associated with pork color, DL,
and water-holding capacity and so it is a significant eco-
nomic indicator (Bendall and Swatland, 1988). The es-
timated heritability of PHU in this study (0.15 = 0.09)
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was within the range (0.07-0.39) reported previously
(Cameron, 1990; De Vries et al., 1994; Hermesch et al.,
2000a; Andersen and Pedersen, 2000; van Wijk et al.,
2005; Ciobanu et al., 2011). This was close to the aver-
age estimate (0.21) of 33 studies reviewed by Ciobanu
et al. (2011). Ultimate pH in this study and van Wijk et
al. (2005) were corrected for common litter environmen-
tal effects in contrast to the other studies. The heritabil-
ity estimate for DL (0.21 £ 0.09) was within the range
(0.01 to 0.31) of literature reports (De Vries et al., 1994;
Sonesson et al., 1998; Hermesch et al., 2000a; van Wijk et
al., 2005; Ciobanu et al., 2011), and it is close to the aver-
age estimate (0.16) of 10 studies reviewed by Ciobanu et
al. (2011). For CL, the estimate in this study (0.20 & 0.05)
was in agreement with the average (0.16) of all studies
reviewed by Ciobanu et al. (2011). Shear force, which
evaluates the degrees of tenderness, had the highest heri-
tability estimate (0.39 £ 0.06) among meat quality traits.
Although the current estimate was higher than estimates
(0.17 and 0.20) reported by Lo et al. (1992) and De Vries
et al. (1994), respectively, it is close to the average (0.30)
of all studies reviewed by Ciobanu et al. (2011).

Among the technological meat quality traits, color
had the highest heritability and ranged from 0.10 + 0.05
to 0.38 = 0.06 (average = 0.25). Generally, the estimated
heritabilities for the lightness of loin (0.31 + 0.06) and rib
eye area (0.28 + 0.06) were in agreement with the average
estimate (0.28) found in previous studies (Cameron, 1990;
Hermesch et al., 2000a; van Wijk et al., 2005; Ciobanu et
al., 2011). The estimated heritabilities for the redness of
loin (0.36 £0.06) and rib eye area (0.26 £ 0.09) were lower
than the range of published estimates (0.52 and 0.57) by
Sonesson et al. (1998) and Andersen and Pedersen (2000),
respectively. This might be due to different population
structure and statistical models used for variance compo-
nent estimations. For LOINB and REAB, the estimated
heritabilities in this study (0.20 = 0.06 and 0.31 + 0.06, re-
spectively) were higher than the estimate of redness of loin
(0.15) published by van Wijk et al. (2005). It might be due
to their adjustment for CCW, which was not significant in
the current study. Furthermore, the estimate of heritability
for REAB was higher than the estimate of heritability for
LOINB in this study. This can be explained by the differ-
ences in the average measurement of REAB, which was
smaller than the average measurement of LOINB (2.81 vs.
15.07). This might be due to measuring of LOINB before
freezing and early postmortem and measuring of REAB
after freezing and late postmortem. The average estimated
heritabilities for the lightness of ham (0.20) were close but
higher than the estimate (0.11) by van Wijk et al. (2005).
The average estimated heritabilities (0.27) for the redness
of ham were in agreement with the estimate (0.26) pub-
lished by van Wijk et al. (2005). For yellowness of ham,
the average (0.12) estimate in this study was the same as

reported by van Wijk et al. (2005). Heritability estimates
for Minolta color traits measured on different muscles of
ham were 0.22 £ 0.05, 0.38 £ 0.06, 0.12 + 0.05, 0.19 +
0.05, 0.27 + 0.06, 0.10 + 0.04, 0.32 = 0.06, 0.16 + 0.05,
and 0.26 + 0.06 for HGML, HGMA, HGMB, HQFL,
HQFA, HQFB, HILL, HILA, and HILB, respectively.
To our knowledge, no heritability estimates for Minolta
color traits measured on the gluteus medius, quadriceps
femoris, and iliopsoas muscles were previously available
for comparison and would be worth further investigation.
Heritability estimates for different weights of rib eye area
were 0.28 + 0.06, 0.31 £+ 0.06, 0.38 + 0.06, 0.22 + 0.06,
and 0.12 + 0.05 for WLW, REAW, BFW, RTW, and BOW,
respectively. Again, these estimates are new in the present
study, and no estimates were available in literature, and
warrant further investigation. Low to moderate heritabili-
ties of pork quality indicate opportunities to improve these
traits through genomic selection.

Correlations among Traits

The phenotypic and genetic correlations and their stan-
dard errors are reported in Tables 3, 4, 5, and 6. Generally,
almost all of the phenotypic correlations and most of the
genetic correlations were significant (P < 0.05). Although
presented for completeness, phenotypic correlations will
not discussed because they are of little interpretive value.

Correlations Among Carcass Traits. The pheno-
typic and genetic correlations among carcass traits are
presented in Table 3. Almost all of the phenotypic and
most of the genetic correlations among carcass traits
were significant (P < 0.05). Generally, high genetic
correlations were found between HCW and primal and
subprimal weights and other carcass traits except for
FD (0.39 £ 0.15) and TBEL (0.42 £ 0.17), which were
moderate. A strong negative genetic correlation was ob-
served between HCW and TEXS (—0.61 + 0.27). Cold
carcass weight had high average (0.81) genetic corre-
lations with primal, subprimal, and carcass traits. Cold
carcass weight had negative genetic correlation only
with TEXS (—0.63 £ 0.26), which was similar to that of
HCW. Unfortunately, no genetic correlations were avail-
able for comparisons in the literature for HCW and CCW
and suggest a need for further validation.

Backfat depth was moderately correlated with LD
(-0.34 £ 0.12), CMAR (0.33 £ 0.14), USW (0.28 = 0.11),
USH (0.28 + 0.11), and UBEL (0.30 £ 0.11). Loin depth
was highly correlated with LEA (0.78 £0.05) and ULOIN
(0.53 £ 0.16) but moderately correlated with TLOIN
(0.44 £ 0.10). Moderate genetic correlations were found
between LD with TEXS (—0.40 = 0.20), USW (0.37 +
0.10), UHAM (0.49 £ 0.09), and BUTT (0.31 £ 0.12),
but the correlations between LD with USH (0.29 + 0.10)
and THAM (0.24 + 0.09) were in a low range. Carcass
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Table 5. Estimates of phenotypic correlations and their standard error of estimates between meat quality and carcass traits

Traits' HCW CCW FD LD CLEN LEA TEXS CMAR USW UHAM
WLW 0.39+£0.05 035+0.05 0.02+0.03 0.04+0.03 -0.01+0.03 0.32+0.06 -0.04=+0.02 -0.03+0.03 -0.11+0.04 -0.14 +0.03
REAW  0.40+0.05 0.40+0.05 -0.22+0.03 0.21+0.03 0.10£0.03 0.31+0.05 0.03+0.02 -0.08+0.03 0.08+0.03 0.13+0.03
BFW 0.40+£0.05 0.40+0.05 0.42+0.02 -0.17+0.03 -0.07+0.03 030+0.06 -0.04+0.03 0.11£0.03 0.09=0.03 -0.02+0.03
RTW 0.40+0.05 0.41=0.05 -0.20+£0.03 0.10£0.03 0.03+0.03 031£0.06 —0.02+0.03 —0.04+0.03 —0.02+0.03 0.01+0.03
BOW 0.40£0.05 0.41+0.05 -0.11+0.03 0.01+0.03 0.09+0.03 0.32+0.06 -0.07+0.02 -0.03+0.03 0.02+0.03 0.03+0.03
CL 0.28+0.06 0.27+0.06 -0.07+0.03 0.03+0.03 —-0.01+£0.03 0.22£0.05 —0.05+0.02 —0.05+0.03 —0.01+0.02 0.00=+0.03
REAL 0.29+£0.06 0.28+0.06 -0.03+0.03 0.03+0.03 -0.06=0.03 0.21+0.06 -0.13+0.02 -0.01+0.03 -0.02+0.03 -0.01+0.03
REAA  0.00+£0.03 0.00+0.03 0.08+0.03 —0.03+0.03 0.01+0.033 -0.06=0.03 0.08+0.07 0.17£0.04 0.02+0.03 0.04+0.05
REAB 0.02+£0.03 0.01£0.03 0.00+£0.03 0.01£0.03 -0.03+£0.03 -0.01+£0.03 —0.13£0.02 0.07+0.03 0.02+0.03 0.02+0.03
SHF -0.05+0.03 -0.04+0.03 -0.02+0.03 -0.03+0.03 0.01+0.03 -0.01+0.03 0.08+0.03 -0.04+0.03 —-0.04+0.03 -0.05+0.03
LOINL  0.12£0.03 0.11£0.03 0.12£0.03 0.07+0.03 —0.11+0.03 0.07+0.03 -0.39+£0.02 0.09+0.03 0.11+0.03 0.07=0.03
LOINA 0.04+0.03 0.04+0.03 0.19£0.03 -0.07=+0.03 -0.05+0.03 -0.12+0.03 -0.30=+0.02 0.17+0.03 0.04+0.03 -0.03+0.03
LOINB  0.12£0.03 0.11£0.03 0.18+0.03 0.03+0.03 -0.09+0.03 —0.00+0.03 -0.44+0.02 0.15+0.03 0.11+0.03 0.05+0.03
PHU 0.02+0.03 0.02+0.03 0.00£0.03 -0.10+0.03 0.12+0.03 -0.05+0.02 0.19+0.03 0.06+0.03 0.03+0.03 0.04+0.03
HGML  0.03+£0.03 0.04+0.03 -0.10£0.03 0.15+0.03 —0.01+0.03 0.12£0.03 —0.18+0.02 —0.03+0.03 0.03+0.03 0.08 = 0.03
HGMA -0.04+0.03 -0.05+0.03 0.09+0.03 —-0.04+0.03 -0.05+0.03 -0.05+0.03 —-0.12+0.02 0.05+0.03 -0.05+0.03 -0.04+0.03
HGMB  0.03+£0.03 0.03+£0.03 —0.01+£0.03 0.09£0.03 —0.04+0.03 0.07+0.03 —0.22+£0.02 0.03+£0.02 0.02+0.03 0.06 = 0.03
HQFL 0.05+£0.03 0.06+0.03 0.02+0.03 0.03+0.03 -0.01+£0.03 0.02+0.03 -0.20+0.02 0.05+0.03 0.06=0.03 0.12 +0.03
HQFA —0.01+£0.03 —-0.00+0.03 0.02+0.03 0.02+0.03 0.01+£0.03 0.00+0.03 -0.09+0.02 —0.00+0.03 —0.00+0.03 —0.10=0.03
HQFB 0.08+0.03 0.09+0.03 0.01+0.03 0.05+0.02 0.03+£0.03 0.05+0.03 -0.20+0.02 0.04+0.02 0.08=0.03 0.07 +0.03
HILL  —-0.01£0.03 —0.01+£0.03 0.00+£0.03 0.03+£0.03 —0.02+0.03 0.01+£0.03 -0.11£0.02 —0.02+0.03 —0.00+£0.03 0.07 = 0.03
HILA  -0.02+0.03 -0.02+0.03 -0.01£0.03 0.01+0.03 -0.02+0.03 0.00+0.03 -0.07+0.02 -0.03+0.03 -0.0+0.03 —-0.02+0.03
HILB 0.02+0.03 0.02+0.03 003+0.03 0.03+£0.03 —0.02+0.03 —-0.01+0.03 -0.14£0.02 —0.00+0.03 0.02+0.03 0.06 = 0.03
DL 0.01£0.03 0.01£0.03 001£0.03 0.02+£0.03 -0.03+£0.03 0.01+£0.03 -0.23£0.06 0.07+0.03 0.03+0.03 0.06=0.04
Traits ULOIN USH UBEL THAM TLOIN TBEL PICN BUTT RIBS
WLW  -0.03+0.03 -0.03+0.03 -0.01+0.03 0.01£0.03 -0.07£0.03 040+0.02 0.37+0.03 0.33+0.03 0.20 +0.03
REAW  0.03+0.03 0.08+0.03 -0.01+0.03 0.12 £0.03 0.10£0.03 -0.06+0.03 0.11+0.03  0.20+0.03 0.14 +0.03
BFW 0.09 +0.03 0.03 +0.03 0.16+0.03 —0.04+0.03 -0.02+0.03 0.25+0.03 0.04+0.03 —0.12+0.03 —0.11 £ 0.03
RTW 0.00 £ 0.03 0.01+0.02 -0.08=0.03 0.01 £0.03 0.04+0.03 -0.05+0.03 0.02+0.03  0.11 +£0.03 0.06 = 0.03
BOW -0.01+0.03 0.07+0.03 -0.03+0.03 0.03 +£0.03 0.03+£0.03 -0.08+0.03 0.03+0.03 0.09+0.03 0.08 +0.03
CL 0.06 £0.03 -0.04+0.03 0.00+0.03 —0.06 = 0.03 0.07+£0.03 -0.06+0.03 -0.03+0.03 0.03+0.03 0.01 +0.03
REAL 0.02+0.03 -0.02+0.03 -0.01£0.03 —-0.03+0.03 0.02+0.03 0.01+0.03 -0.00+£0.03 -0.02+0.03 -0.03 +0.03
REAA  0.04+0.04 0.05+0.05 0.10 = 0.05 0.04 +0.05 0.05+0.05 0.14=0.05 0.13+0.07 0.15+0.07 0.23 £0.07
REAB  0.05+0.03 0.00 +£0.03 0.04+0.03 —0.02+0.03 0.04+0.03 0.08+0.03 0.04+0.03 0.01+0.03 0.04 +0.03
SHF  -0.02+0.03 -0.03+0.03 -0.04+0.03 -0.03+0.03 -0.01+0.03 -0.12+0.03 -0.09+0.03 —0.04+0.03 -0.03 +£0.03
LOINL  0.19 £0.03 0.07 £ 0.03 0.13+0.03 —0.07+0.03 0.17£0.03 0.01+0.03 0.03+£0.03 0.05+0.03 -0.01 +£0.03
LOINA 0.18%0.03 -0.01+0.03 0.08+0.03 —0.13+0.03 0.12+£0.03 -0.02+0.03 -0.01+0.03 —0.00+0.03 0.07 £ 0.03
LOINB 0.28 £0.03 0.03 +0.03 0.16 £0.03 —0.14=0.03 0.24+£0.03 0.02+0.03 0.04+0.03 0.05+0.03 0.06 = 0.03
PHU  -0.07£0.03 0.08 +0.03 0.03 +£0.03 0.08+0.03 -0.09+0.03 0.08+0.03 0.05+0.03 0.07=+0.03 0.06 +0.04
HGML -0.02+0.03 0.03 +0.03 0.00 +0.03 0.09 £ 0.03 0.05+0.03 -0.00+0.03 0.00£0.03  0.02+0.03 0.03 +0.03
HGMA 0.00+0.03 -0.09+0.03 —0.01+0.03 —-0.05+0.03 -0.04+0.03 -0.06+0.03 -0.07+0.03 -0.10=0.03 0.01 £0.03
HGMB  0.06 +=0.03 —0.02+0.03 0.04 +0.03 0.00 +£0.03 0.08+0.03 -0.02+0.03 -0.01+£0.03 -0.02+0.03 0.04 +0.03
HQFL  0.02+0.03 0.04 +£0.03 0.05+0.03 0.06 £ 0.03 0.02+0.03 0.01+0.03 0.01+£0.03 -0.00+0.03 0.02 +0.03
HQFA  0.06+0.03 —0.01+0.03 0.01+0.03 —0.08 =0.03 0.05+0.03 0.01+0.03 -0.02+0.03 -0.04+0.03 0.00 £ 0.03
HQFB  0.13+0.03 0.05+0.03 0.10+£0.03 —-0.01+0.03 0.12+£0.03 0.03+0.03 0.03+£0.03  0.02+0.03 0.04 +0.03
HILL -0.03+0.03 -0.03+0.03 0.01 +0.03 0.04+0.03 -0.04+0.03 -0.00+0.03 -0.02+0.03 -0.06=0.03 -0.01+0.03
HILA  0.05+0.03 -0.07+0.03 0.03+0.03 -0.05+0.03 0.07+0.03 -0.02+0.03 -0.04+0.03 -0.05+0.03 0.01+0.03
HILB 0.06 £0.03 —0.03+0.03 0.06+0.03 —-0.01+0.03 0.05+0.03 -0.00+0.03 -0.02+0.03 —0.06+0.03 —0.00 +0.03
DL 0.03 +0.03 0.06 +0.04 0.04 £ 0.04 0.07 +0.04 0.04+0.04 -0.05+0.04 0.03+0.05 0.12=+0.06 0.19 £ 0.07

1CCW = cold carcass weight; FD = backfat depth; LD = loin depth; CLEN = carcass length; LEA = area of the longissimus dorsi muscle; TEXS = texture
score; CMAR = carcass marbling score; USW = untrimmed side weight; UHAM = untrimmed ham weight; WLW = whole loin weight; REAW = rib eye weight;
BFW = backfat weight; RTW = rib trim weight; BOW = bone weight; CL = cooking loss; REAL = rib eye area Minolta L*; REAA = rib eye area Minolta a*;
REAB = rib eye area Minolta b*; SHF = shear force; LOINL = loin Minolta L*; LOINA = loin Minolta a*; LOINB = loin Minolta b*; PHU = ultimate pH;
HGML = ham gluteus medius Minolta L*; HGMA = ham gluteus medius Minolta a*; HGMB = ham gluteus medius Minolta b*; HQFL = ham quadriceps femoris
Minolta L*; HQFA = ham quadriceps femoris Minolta a*; HQFB = ham quadriceps femoris Minolta b*; HILL = ham iliopsoas Minolta L*; HILA = ham ilio-
psoas Minolta a*; HILB = ham iliopsoas Minolta b*; DL = drip loss; ULOIN = untrimmed loin weight; USH = untrimmed shoulder weight; UBEL = untrimmed
belly weight; THAM = trimmed ham weight; TLOIN = trimmed loin weight; TBEL = trimmed belly weight; PICN = trimmed picnic shoulder weight; BUTT =
butt shoulder weight; RIBS = ribs weight.

2The significant (P < 0.05) correlations are highlighted in bold.
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Table 6. Estimates of genetic correlations and their standard error of estimates between meat quality and carcass trait

Traits' HCW CCW FD LD CLEN LEA TEXS CMAR USW UHAM
WLW  -0.32+0.21 -0.54+£0.16 -0.00+0.15 0.01+£0.14 0.02+0.13 0.15+£0.19 -0.06+0.23 -0.07+0.16 —0.08+0.13 -0.13+0.13
REAW  040£0.19 0.39%0.19 -031+0.13 0.40+0.12 0.06+0.13 057+0.17 —0.18£0.23 0.12+0.16 0.24+0.12 0.33+0.12
BFW 0.13+£0.18 0.07+0.18 0.60+0.10 —-0.22+0.10 -0.03+0.12 -0.35+0.17 -0.18+0.21 -0.00+0.15 0.07+0.12 -0.05+0.12
RTW 0.11+0.22 0.19+0.21 -041£0.14 026+0.12 0.09+0.13 022+0.19 -0.39+£0.19 —-0.10+0.16 0.09+0.13 0.11+0.13
BOW 0.60+0.27 0.63+0.27 —-024+0.17 —0.04+0.16 030+£0.15 0.16+024 -024+027 022+0.19 031£0.15 0.35+0.16
CL —0.06+0.24 -0.05+0.22 -0.10+0.16 -0.10£0.15 -0.01+0.14 0.07+0.21 -035+0.24 -0.03+£0.18 —0.01+0.14 0.02+0.15
REAL —-0.04+0.21 -0.08+0.20 —0.04+0.14 0.05+0.13 —-0.12+0.12 0.17+£0.19 -020+0.22 -0.12+0.16 —0.02+0.12  0.05+0.12
REAA -0.02+£0.29 -0.02+0.28 —0.04+0.15 0.02+0.14 —-0.06+0.13 0.10£0.26 —0.08+0.22 0.14+0.16 —0.03+0.13 -0.06+0.13
REAB 0.08+0.12 0.07+0.12 -0.12+0.14 0.17+0.13 -0.07+0.12 020+0.13 -026+021 -0.03+0.16 0.09+0.12 0.14+0.12
SHF -0.09+0.12 -0.07+0.11 0.17+0.13 -0.24£0.12 -0.07+0.11 -0.12+0.13 0.08+0.22 0.30+0.14 —-0.07+0.12 -0.16+0.12
LOINL  0.01+0.12 0.03+£0.12 -025+0.12 0.36+0.12 —-0.29+0.11 042+0.12 -0.38+0.19 -0.12+0.16 0.01+0.12 0.09+0.13
LOINA -0.21£0.10 —0.17+0.12 0.02+0.14 0.08+0.13 -0.24+0.12 -0.02+0.13 0.09+0.22 -0.03+£0.15 —0.17+0.12 -0.24+0.12
LOINB -0.10+0.14 -0.08+0.14 -0.27+0.16 0.38+0.14 -0.32+0.13 0.35+0.15 —037+0.21 -0.13+£0.17 —0.08+0.14 -0.05+0.14
PHU -0.35+040 -037+038 021+021 -0.66+0.17 038+0.17 -0.78+0.28 0.05+0.31 0.22+021 022+0.18 0.18+0.18
HGML  0.14+0.14 0.15+£0.13 -0.39+0.14 0.37+0.13 -0.04+0.13 030+0.13 -036+0.22 0.11+0.17 0.10+0.14 0.26 =0.13
HGMA -0.21+0.10 -0.21+£0.10 0.06+0.13 0.06+0.12 -0.26+0.11 0.05+0.13 0.10+0.20 0.11+0.15 -0.22+0.11 -0.22+0.10
HGMB  0.01+0.18 0.01+0.18 -033+0.19 0.41+0.17 -027+0.17 0.37+0.18 -021+028 0.12+0.21 -0.04+0.18 0.09+0.17
HQFL 0.06+0.14 0.07+0.13 -0.16+0.16 0.28+0.14 -0.26+0.12 0.16+0.15 -0.61+0.19 0.01+0.17 0.08+0.14 0.24+0.12
HQFA 0.02+0.13 0.02+0.13 024+0.14 0.06+0.13 -0.10£0.12 0.08+0.13 0.16+0.23 0.15+0.16 0.01+£0.13 —0.12+0.12
HQFB 0.17+£0.17 0.19+0.17 -0.07+0.19 039+0.16 -021+0.17 034+0.17 -0.55+0.23 0.10+0.21 0.18+0.16 0.26+0.16
HILL 0.06+0.12 0.05+0.12 -0.17+0.13 027+0.12 -0.07+0.12 0.19+0.12 -027+021 -0.17+0.15 0.04+0.12 0.12+0.12
HILA  -0.15+0.14 -0.15+£0.14 -0.05+0.15 0.03+0.15 -0.26+0.13 -0.01+0.15 -0.14+0.23 -0.15+0.17 -0.15+0.14 -0.12+0.14
HILB 0.07£0.13  0.06+0.13 -0.07+0.15 0.27+£0.13 —0.13+£0.13 0.17+0.14 -022+023 -0.18+0.16 0.06+0.13 0.12+0.13
DL 027+032 022+031 001+£0.17 0.15+0.16 —-025+0.16 030+£031 -0.72£0.26 —-0.06+0.19 0.02+0.15 0.05+0.15
Traits ULOIN USH UBEL THAM TLOIN TBEL PICN BUTT RIBS
WLW  0.15+0.12  -0.03+0.13 0.12+0.13 -0.04 £0.10 0.01+0.13 0.74 £ 0.07 0.80 = 0.07 0.74 £ 0.08 0.57+0.13
REAW 0.08+0.12 0.26 £0.12 0.04+0.13 0.23 £0.09 0.18+0.13 —-0.16+0.12 0.15+0.13 0.34+0.13 0.34 £0.16
BFW 0.14+0.11 -0.07£0.11 0.26 +0.11 —0.08+0.09  —0.00=+0.12 0.38 +0.09 0.10+0.11 -0.32+£0.13  -0.24+0.15
RTW 0.14£0.12 0.11+0.12 -0.01+0.13 0.03+0.10 0.15+£0.14 -0.10+0.13 0.07+0.13 0.39 +0.14 0.38 £ 0.16
BOW —0.01£0.15 0.44£0.15 0.13+0.16 0.22+0.13 0.16£0.17 —-0.10+0.15 0.32+£0.16 0.57 £0.16 0.74 £0.16
CL 0.13+0.13 -0.05+0.14 0.09+0.14  -0.12+£0.12 0.19+0.15 -0.26+0.13 -0.18+0.14 0.02+0.15 0.28 +0.18
REAL 0.16£0.11 —0.06+0.12  -0.03+0.13 -0.07 £ 0.09 0.10+0.12 0.04+0.12 -0.03+0.13  -0.00£0.13 -0.05+0.16
REAA -0.06+0.12  -0.03+0.12 0.08 £0.13 —0.07+0.10  —0.03£0.13 0.14+0.12 0.04 +0.13 0.01+£0.14 0.35+0.15
REAB  0.20£0.10 0.00 £0.12 0.09+0.12  -0.05+0.10 0.16 £0.12 0.20 £ 0.10 0.15+0.12 0.14+0.14 0.31 +£0.15
SHF  -0.07+0.11 0.01+£0.12  -0.01=0.11 -0.07+0.09 -0.13+0.12 -0.11+0.11 -0.16+0.12  -0.06+0.13 0.05+0.16
LOINL 0.25+0.11 —0.07+0.12 0.09+0.12  -0.20+0.10 0.34+£0.12 -0.15+0.12 -0.05+0.12 0.15+0.14  -0.24+0.15
LOINA 0.22+£0.10 -0.25+0.11 0.07+£0.12  -0.36 +0.09 0.23+£0.11 -0.15+0.12 -0.02+0.12 0.15+0.13 0.16+0.15
LOINB 0.55+0.10 -0.29+0.13 0.28+0.13  -0.52+0.10 0.67+0.11 —0.11+0.14 0.08 £0.14 0.34£0.15 0.05+0.18
PHU -0.42+0.19 0.44+0.16 -0.03+0.19 045015  -0.68+0.23 0.28£0.19 0.12+0.19 0.05+0.20 0.05+0.24
HGML -0.17+0.12 0.22+0.13 -0.12+0.14 0.32 £0.11 -0.00+0.15 -0.09+0.14 -0.01+0.14 0.22+0.15 -0.01 +£0.17
HGMA -0.06 £0.11 —0.29 £ 0.11 -0.11£0.11 -0.13+0.09 -0.15+0.12 -0.11+£0.11 -0.25+0.12 -0.13+0.13 0.08 £0.15
HGMB 0.10+0.17  -0.15+0.17 0.06+£0.18  -0.04+0.15 0.20+0.19 -0.12+0.18 —-0.13+0.17 0.13+0.18 0.08 £0.22
HQFL -0.01+0.13 0.05+0.13 -0.03+0.14 0.21£0.10 0.12+0.15 -0.14+0.14 -0.12+0.14 -0.05+0.15 -0.15+0.17
HQFA 0.05+0.12 0.04+0.12  -0.01+0.13 —0.07+0.10  -0.01+0.13 0.03+0.13 -0.03+0.13 0.02+0.14 0.24+0.16
HQFB  0.33+0.15 0.03+£0.16 021£0.17  -0.02+0.15 042+0.17 -0.08+0.17 -0.09+0.17 0.10+£0.18 0.14+£0.21
HILL -0.00+0.11 -0.03 £0.12 0.01 £0.12 0.10 £ 0.09 0.02+0.13 0.09+0.12 0.09+0.12 -0.10£0.13 -0.04 +£0.15
HILA  0.09+0.12 -0.28+0.13 0.00+0.14  -0.17+0.11 020+0.14 -0.13+0.13 -0.24%=0.12 -0.16+0.15 -0.13+0.18
HILB  0.25+0.12 -0.15+0.13 0.19+0.13 -0.07 +0.11 0.29+£0.13 0.08+0.13 0.00+0.14  -0.16+0.15 -0.10+0.18
DL -0.07+£0.14 0.09+0.14  -0.09+0.15 0.08+0.12 -0.07+0.16 -046+0.14 -036+0.15 -0.09+0.16 0.03+0.19

1CCW = cold carcass weight; FD = backfat depth; LD = loin depth; CLEN = carcass length; LEA = area of the longissimus dorsi muscle; TEXS = texture score;
CMAR = carcass marbling score; USW = untrimmed side weight; UHAM = untrimmed ham weight; WLW = whole loin weight; REAW = rib eye weight; BFW =
backfat weight; RTW =rib trim weight; BOW = bone weight; CL = cooking loss; REAL =rib eye area Minolta L*; REAA =rib eye area Minolta a*; REAB =rib eye
area Minolta b*; SHF = shear force; LOINL = loin Minolta L*; LOINA = loin Minolta a*; LOINB = loin Minolta b*; PHU = ultimate pH; HGML = ham gluteus me-
dius Minolta L*; HGMA = ham gluteus medius Minolta a*; HGMB = ham gluteus medius Minolta b*; HQFL = ham quadriceps femoris Minolta L*; HQFA = ham
quadriceps femoris Minolta a*; HQFB = ham quadriceps femoris Minolta b*; HILL = ham iliopsoas Minolta L*; HILA = ham iliopsoas Minolta a*; HILB = ham il-
iopsoas Minolta b*; DL = drip loss; ULOIN = untrimmed loin weight; USH = untrimmed shoulder weight; UBEL = untrimmed belly weight; THAM = trimmed ham
weight; TLOIN = trimmed loin weight; TBEL = trimmed belly weight; PICN = trimmed picnic shoulder weight; BUTT = butt shoulder weight; RIBS = ribs weight.

2The significant (P < 0.05) correlations are highlighted in bold.
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Genetic parameters for meat and carcass quality in pigs

length was moderately to highly correlated with LEA
(0.47 £ 0.14), USW (0.80 + 0.05), UHAM (0.71 + 0.06),
ULOIN (0.56 + 0.09), USH (0.69 + 0.06), UBEL (0.69 +
0.06), THAM (0.31 + 0.07), TLOIN (0.56 + 0.08), BUTT
(0.36 £ 0.11), and RIBS (0.52 = 0.11). A negative genetic
correlation was found between LEA and TEXS (-0.56 +
0.28) indicating the adverse effect of selection for LEA on
pork quality. Moderate to high genetic correlations were
estimated between LEA with USW (0.72 £ 0.12), UHAM
(0.75 £ 0.12), ULOIN (0.66 + 0.13), USH (0.57 = 0.13),
UBEL (0.50+0.17), THAM (0.42+0.13), TLOIN (0.79 +
0.12), BUTT (0.69 £ 0.16), and RIBS (0.56 £ 0.19).
Texture score is used to assess the degree of firmness
and exudation or weeping of the longissimus dorsi mus-
cle and was negatively correlated with most of the primal
and subprimal cut weights including HCW (-0.61 + 0.27),
CCW (-0.63 £ 0.26), LD (-0.40 + 0.20), LEA (-0.56 +
0.28), USW (-0.48 = 0.18), UHAM (-0.56 + 0.17), USH
(-0.47 £ 0.17), THAM (-0.38 + 0.17), BUTT (-0.61 +
0.21), and RIBS (-0.49 + 0.23). These results showed that
deterioration of pork quality may have occurred over many
generations through the selection for increasing carcass
weight. In addition, unfavorable genetic correlations be-
tween TBEL and PICN subprimal cuts with DL indicated
adverse effect on water-holding capacity. Carcass marbling,
which is associated with eating quality and consumer de-
mand (Brewer et al., 2001), was correlated with HCW
(0.63 £0.22), CCW (0.59 £ 0.21), FD (0.33 £ 0.14), USW
(0.35+0.13), USH (0.42 +0.12), and THAM (0.29 £ 0.11)
but there was no correlation with LD (0.01 = 0.15), CLEN
(0.03 £0.14), LEA (0.05 + 0.20), TEXS (0.04 £+ 0.24), and
the remainder of the subprimal weights (0.14 on average).
The primal and subprimal cut weights were moder-
ately to highly correlated with each other and ranged from
(0.32 £ 0.11) between THAM and RIBS to (0.96 = 0.01)
between TLOIN and ULOIN, with a few correlations be-
ing exceptions with low and nonsignificant (P > 0.05)
correlations. Untrimmed side weight had a moderate to
high correlation with all of the primal and subprimal cuts
except with TBEL, which was low (0.22 £ 0.09). Both
primal cuts for loin and ham were highly correlated with
their subprimal cuts, although the correlation between
ULOIN and TLOIN was higher (0.96 + 0.01) than the cor-
relation between UHAM and THAM (0.59 + 0.05), which
might be due to differences in fat deposition in hams and
loins. These results were in agreement with van Wijk et al.
(2005) who reported the genetic correlations of 0.60 be-
tween ULOIN and TLOIN and 0.61 between UHAM and
THAM. Newcom et al. (2002) showed high genetic cor-
relations between UHAM and THAM (0.89) and between
ULOIN and TLOIN (0.90). In contrast, UBEL had a low
(0.21 £0.09) genetic correlation with TBEL, which might
be due to more fat deposition in belly. Untrimmed ham
weight had moderate to high genetic correlations with all
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of the subprimal cuts (0.64 on average), excepting with
TBEL, which had a low correlation (0.21 + 0.10). A few
reports presented genetic correlations between ham and
loin primal and subprimal cuts but no genetic correlations
were available in the literature for others (Newcom et al.,
2002; van Wijk et al., 2005).

The valuable subprimal cuts of the carcass are the hams
and loins and so their weights are most important to over-
all carcass value. A high genetic correlation was found be-
tween UHAM and ULOIN (0.77 + 0.12), and it was higher
than the correlation observed between THAM and TLOIN
(0.18 £ 0.07). This result showed that selection for high
ham yield (UHAM) would lead to high loin yield (ULOIN).
However, selection for high trimmed ham (THAM) may
not necessarily increase high trimmed loin (TLOIN) due to
their low genetic correlation. In addition, ULOIN was cor-
related with UBEL (0.83 +0.03), BUTT (0.33 £ 0.10), and
RIBS (0.43 £ 0.11). The high genetic correlation between
ULOIN and UBEL confirmed that selection for loin weight
would increase belly yield. There were moderate to high ge-
netic correlations between USH with UBEL (0.44 + 0.08),
THAM (0.57 + 0.04), PICN (0.36 = 0.09), BUTT (0.47 +
0.09), and RIBS (0.49 = 0.11) and a low genetic correlation
was found with TBEL (0.18 £ 0.09). A high genetic cor-
relation was observed between UBEL and TLOIN (0.87 +
0.03). Genetic correlation between TBEL and PICN was
high (0.91 +0.07). Ribs weight and BUTT had moderate to
high genetic correlations with those primal and subprimal
weights. Genetic correlations among primal and subprimal
cuts were limited in the literature, most likely because these
traits are difficult and expensive to measure.

Correlations among Meat Quality Traits. The phe-
notypic and genetic correlations among meat quality
traits are presented in Table 4. Most of the phenotypic
and genetic correlations among meat quality traits were
significant (P < 0.05). Strong negative genetic correla-
tions were found between PHU with CL (-0.62 + 0.26)
and DL (—0.99 £ 0.49). Ciobanu et al. (2011) reported the
genetic correlations of —0.68 between PHU and CL and
—0.71 between PHU and DL as the average correlations
of many previous studies, which were in good agreement
with our estimates. These high genetic correlations were
in the range of —0.82 to —0.45 for between PHU and CL
and —0.99 to —0.50 between PHU and DL (De Vries et al.,
1994; Sellier, 1998; Gibson et al., 1998; Hermesch et al.,
2000b). This substantiates evidence of the value of mus-
cle pH as an indicator trait for DL and CL in crossbred pig
genetic improvement programs to improve pork quality
traits and reduce the cost of DL and CL measurement.

Estimated genetic correlations between DL with
LOINL (0.55 £ 0.24) and LOINA (0.42 + 0.19) were mod-
erate to high, whereas corresponding correlations between
DL and Minolta L* and a* measurements of ham muscles
were not significant (0.27 and 0.08, respectively, on aver-
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age). Sellier (1998) and van Wijk et al. (2005) reported
moderate genetic correlations between DL and LOINL
(0.49 and 0.38, respectively), which were in agreement
with this study. No genetic correlation between DL and
color of ham was found, which might be due to the mea-
surement of DL on loin. Drip loss had positive high corre-
lation with CL (0.52 + 0.20) but negative correlation with
SHF (—0.38 £ 0.18). A high genetic correlation between
DL and CL was reported by Sellier (1998), which was in
agreement with this study (0.66).

Shear force assesses the degree of toughness and was
highly correlated with CL (0.58 £ 0.13). This result sug-
gested that genetic improvement for CL by selecting for
reduced CL may result in more tender meat. Shear force
was positively correlated with the Minolta A* measure-
ments of ham including HGMA (0.35 £ 0.13) and HQFA
(0.45 £ 0.14), and was negatively correlated with the
Minolta measurements of rib eye area including REAL
(-0.33 £ 0.14) and REAB (-0.35 £ 0.13). No informa-
tion was found for Minolta color traits measured on the
gluteus medius, quadriceps femoris, and iliopsoas mus-
cles in literature. The Minolta color measurements on the
loin were moderately to highly correlated with the cor-
responding measurements on the ham (gluteus medius,
quadriceps femoris, and iliopsoas) muscles except for the
Minolta b* between LOINB and HGMB. No literature
values were found for these traits and to our awareness
this is the first report for these traits. Minolta L* were
negatively correlated with the Minolta a* measurements
for both ham and loin and ranged from (—0.36 = 0.16)
between REAL and REAA to (-0.46 = 0.17) between
HQFL and HQFA. The Minolta L* for both ham and
loin were highly correlated with Minolta b* values and
ranged from (0.51 + 0.12) between LOINL and LOINB
to (0.92 £+ 0.03) between HILL and HILB and were in
good agreement with the average estimate of 0.81 report-
ed by van Wijk et al. (2005).

Minolta a* of ham muscle on the gluteus medius
was negatively correlated with LOINL (-0.30 + 0.14);
however, HQFA and HILA were not correlated with
LOINL. The correlations between PHU and the color
measurements showed a moderate to high negative ge-
netic correlations and ranged from (—0.37 + 0.16) with
LOINA to (-0.98 £ 0.35) with HQFB. This substantiates
evidence of the value of PHU as an indicator trait for
color measurements on either loin or ham.

Correlations between Carcass and Meat Quality
Traits. The phenotypic and genetic correlations between
carcass and pork quality traits are presented in Tables 5 and
6, respectively. Generally, some of the phenotypic and ge-
netic correlations were significant (P < 0.05). Low negative
genetic correlations were estimated for HCW and CCW
with meat redness of loin and ham gluteus medius. No cor-
relation was found for FD with both DL and PHU. The

Miar et al.

estimated correlations for FD with pork lightness of loin
and ham gluteus medius were of favorable low to moderate
magnitude (—0.25 = 0.12 and —0.39 + 0.14, respectively).
These indicated that pork quality was not negatively af-
fected by selection against FD. There was a low correla-
tion between LD and SHF (-0.24 + 0.12). In addition, LD
and LEA were similarly and highly correlated with PHU
(-0.66 = 0.17 and —0.78 £ 0.28, respectively). Moderate
correlations were observed between LD and LEA with
lightness of loin (0.36 + 0.12 and 0.42 + 0.12) and ham
(0.31 and 0.22 on average, respectively). This indicates that
single-trait selection on LD and loin eye area may lead to
undesirable lower pH pork with paler color.

Favorable low to moderate negative genetic correla-
tions were obtained for CLEN with both lightness of loin
and ham (-0.29 + 0.11 and —0.12 on average) and PHU
(0.38 = 0.17). Firmness was moderately to highly corre-
lated with lightness of loin and ham (-0.38 + 0.19 and
—0.42 on average) and DL (—0.72 £ 0.26). This indicates
the value of subjective TEXS as an indicator trait for meat
water-holding capacity. Carcass marbling was lowly cor-
related with all of the meat quality traits. Low to moderate
correlations were estimated for PHU and DL with most of
the primal and subprimal cuts except for TLOIN, which
was highly correlated with PHU (—0.68 £ 0.23). In addi-
tion, the correlations for the color traits with most of the
primal and subprimal cuts were of favorable moderate to
high magnitude. Untrimmed loin weight and TLOIN were
lowly to moderately correlated with LOINL (0.25 + 0.11
and 0.34 = 0.12), respectively, which were higher than
correlations of UHAM and THAM with lightness of ham
(both averaging 0.21). The Minolta color measurements
were also lowly to moderately and favorably correlated
with most of the primal and subprimal cut weight, except
for HQFB, which was found to be unfavorably correlated
with TLOIN. Primal and subprimal weights were favor-
ably and lowly correlated with DL, except for TBEL and
PICN, which were found to be unfavorably correlated
with DL (—0.46 £ 0.14 and —0.36 + (.15, respectively).

To our knowledge, no literature was found present-
ing correlations of primal and subprimal cuts except for
loin and somewhat ham with pork quality traits. This
study showed that pork quality traits had favorable ge-
netic relationships with the primal and subprimal weights.
This indicated that selection for primal and subprimal cut
weight would not negatively affect pork quality. van Wijk
et al. (2005) is the only literature that presented genetic
relationships between loin and ham primal and subprimal
cuts with pork quality traits, which were similar to this
study. Our study confirmed the results by van Wijk et al.
(2005) that favorable correlations between cut weight and
meat quality traits are in contrast to the general perception.

Some of the estimates herein are new contributions
to the genetic parameters for carcass and pork qual-
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ity traits, especially on ham traits. Novel results of this
study show the significance of genetic selection for
various carcass weight traits including hot carcass, cold
carcass, rib eye, and primal and subprimal cuts weights
in the swine breeding programs due to their moderate
to high heritabilities. However, firmness and color mea-
surements of gluteus medius, quadriceps femoris, and
iliopsoas muscles had low to moderate heritabilities
indicating the opportunities for new genomic selection
to improve them. The results of this study confirm the
value of pH as an indicator trait for pork water-holding
capacity. Novel genetic correlations in this study indi-
cate the value of carcass and ham weight as good indica-
tor traits for indirect selection of primal, subprimal, and
carcass traits. However, unfavorable genetic correlation
was found between both carcass weight and loin eye
area with TEXS but favorable genetic relationship was
found between ham weight and TEXS. These results
could indicate that deterioration of pork quality may
have occurred over many generations through the se-
lection for increasing carcass weight and especially for
loin weight. It was concluded that single-trait selection
on loin traits might lead to increased belly weight and
undesirable lower pH pork with paler color. Therefore,
selection for ham weight can be valuable for increas-
ing both carcass weight and primal and subprimal cuts
weights without adverse consequences on pork quality.
In addition, color of ham muscles had moderate to high
genetic correlations with corresponding measurements
on the loin indicating that selection can be made on ham.
Lightness and yellowness reflectance of ham are highly
positively correlated to each other and negatively to pH.
Favorable correlation between FD and pork lightness of
ham showed that selection for leanness over many gen-
erations was not as adverse as selection for loin weight
traits. Although novel genetic parameter estimates
are valuable for the design of a breeding program in
Canadian swine populations, further studies are needed
to investigate the genetic relationships of carcass and
meat quality traits with growth and performance traits.

Implications

Measurement of carcass and meat quality traits is
difficult, expensive, can only be performed postmortem,
and is destructive to the sample. Therefore, selection of
purebreds based on crossbred performance for these traits
would be useful to help improving pure lines of pigs to
produce improved pork quality from commercial cross-
bred pigs without the need of measurements on pure lines.
Estimates of genetic parameters for carcass and meat qual-
ity traits in crossbred pigs will provide not only insight
into the biological basis of these traits but also a valu-
able reference to develop efficient genetic improvement
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programs for these traits. Genetic parameters obtained
herein are valuable for the design of a breeding program
emphasizing product quality in Canadian swine popula-
tions, especially with the new parameters for traits that
have not previously been studied. Furthermore, the use
of pH is suggested as an effective indicator for DL and
CL of meat. It was concluded that selection for increasing
primal and subprimal cut weights with better pork quality
may be possible. In addition, moderate to high heritabil-
ity of carcass traits would indicate the good opportunity
of improving carcass merit traits in commercial crossbred
pigs. In addition, the high cost of data collection and low
to moderate heritability of meat quality traits provide the
opportunities to improve them through genomic efforts.
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