
n Pork quality 35%

n Carcase 30%

n Health 22%

n Production 8%

n Reproduction 5%
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Pork quality is an integral part of
a good eating experience.
Consumers speak loudly with

their money and over the last 35
years, pork consumption has
decreased in the United States and
Canada. According to the USDA,
pork consumption in 1980 was
25.8kg per capita and in 2014 it
dropped to 21kg per capita. In
Canada pork consumption per
capita has decreased from 32.2 to
20.6kg in the same time period.
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One possible reason is the
decrease in pork quality with the
increased emphasis for leaner pork.
In recent years, the demand for bet-
ter tasting pork has been increasing.
Most North American producers do
not get paid directly for pork qual-
ity, but this may change as con-
sumers demand better pork quality
that will result in a consistently
good eating experience.
There are many factors that can

influence pork quality including
stress, diet, fasting prior to slaugh-
ter, pre-slaughter handling, stunning
methods, and post-slaughter han-
dling. These factors are environ-
mental and can vary across
producers and packing plants. 
Conversely, genetics plays a signif-

icant role in pork quality. One clas-
sic example of the effect of
genetics on pork quality is the ryan-
odine receptor 1 (halothane) gene.

Animals that contain two copies
of the unfavourable allele are more
susceptible to Porcine Stress
Syndrome, which is associated with
pale, soft, and exudative (PSE) pork.
Another example is the effect of

the Rendement Napole (RN) gene
on pH and cooking loss. Once these
mutations were identified genetic
tests were developed to quickly
remove the undesirable genotypes
from swine populations.
Unfortunately, it is not as simple

for other pork quality traits includ-
ing pH, marbling, colour, shear
force, and drip loss. These traits are
largely polygenic, or controlled by
multiple genes. 

Genetics of pork quality

Pork quality traits generally have
moderate to high heritability.
Therefore, these traits can be
improved through genetic selection.
Some of the key pork quality traits
include shear force (a measure of
tenderness), marbling, colour, pH,
and drip loss. Many of these traits
are associated, or correlated, with
carcase composition traits, and with
each other, and some of these asso-
ciations are antagonistic, for exam-
ple by moving one trait in a
favourable direction, another trait
tends to move in an unfavourable
direction (Table 1).
An example of unfavourably

related traits is carcase back fat
thickness (BF) and intramuscular fat
(IMF). Back fat has a positive genetic
correlation with IMF. Back fat is a
key component in carcase lean yield
and IMF is a key meat quality trait. 
By selecting for increased carcase

lean yield (decreased BF) then IMF is

decreased resulting in lower pork
quality. Although the above rela-
tionship is antagonistic, the correla-
tion is not perfect so that it is
possible to increase IMF without
increasing BF.
Not all carcase and pork quality

traits are unfavourably correlated.
Hot carcase weight is negatively
correlated with loin colour, which is
a favourable correlation. As hot car-
case weight increases, loin colour
gets darker. Also, in terms of pork
quality, shear force and cooking loss
are positively and favourably corre-
lated, as shear force decreases
(increased tenderness) cooking loss
also decreases (moisture is retained
in the meat).
Lastly, pH is a good overall mea-

surement of pork quality. The pH of
muscle is favourably correlated with
colour, cooking loss, and drip loss.
Therefore, the better the pH value
the darker the meat is and less
water is lost from fresh pork and
during cooking.

Genomics of pork quality

Pork quality is one of the areas
where genomics can have a large
impact on genetic progress. The
traits are expensive to measure and
are generally recorded post-
mortem. 

Since the release of the swine
genome sequence in 2012, much
work has been conducted to iden-
tify regions within the genome,
known as QTL, that are associated
with traits of interest. Of the QTL
detected and published, 35% are
related to pork quality, followed by
carcase, health, production, and
reproduction (Fig. 1).
Clearly a lot of research has gone

into identifying genomic regions
and investigating the genetic archi-
tecture for pork quality traits
because of the potential impact on
genetic progress for traits that are
measured post-mortem.
Once a QTL is identified, genes

surrounding the QTL are investi-
gated to see if they are directly
contributing to the differences in
actual measurements between pigs.
These genes are called candidate
genes. One candidate gene is
PRKAG3 and located on chromo-
some 15.
Different variants of this gene are

associated with meat pH, colour
and water holding capacity with
one specific allele explaining RN.
Calpastatin (CAST) located on chro-
mosome 2 is another important
gene associated with meat tender-
ness. However, candidate genes
need not be known in order to
make genetic improvement. Instead,
SNP (single nucleotide polymor-

Understanding the
impact of genetics
on pork quality

Table 1. Genetic correlations between select carcase and pork quality
traits.

Fig. 1. Percentage of QTL reported by trait class (animalgenome.org).

Trait 1 Trait 2 Genetic correlation*

Hot carcase weight Loin colour - -

Loin eye area Drip loss + +

Intramuscular fat Back fat depth + +

Intramuscular fat Loin muscle area +

Shear force Cooking loss + + +

Shear force Loin depth - -

pH Cooking loss - - -

pH Loin colour - -

pH Drip loss - - - -

pH Loin depth - - -

*Sign of the correlation represents direction of the correlation.
Increasing number of signs represents a stronger correlation
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phisms) information can be incorpo-
rated into a breeding program in
order to attain greater genetic
progress. The current commercially
available SNP panel includes 80,000
SNPs per animal genotyped.
Genesus recently concluded a

large scale genomic study of pork
quality. Table 2 is a summary of the
chromosomes identified that con-
tain QTL associated with various
pork quality traits. These results
demonstrate the complex genomic
architecture with at least one QTL
found on 13 of the 18 pairs of auto-
somes (non-sex chromosomes) in
the swine genome.

Selection for pork quality

Selection for pork quality is not as
simple as selecting for growth. Key
pork quality traits such as colour,
IMF, pH, shear force, and drip loss
cannot be measured directly on the
selection candidate. 
This information must come from

related individuals that have pork
quality measurements. Because this
information cannot be obtained on
the selection candidates, a large
dataset of related individuals must
be used in order to accurately esti-
mate breeding values of the selec-
tion candidates. 
In 1998 Genesus Inc established,

and now continues to grow, a large
database of carcase and pork qual-
ity traits.
The Genesus carcase and pork

quality program provides detailed
carcase cutout and measurements
collected on over 50 quality traits
per animal. To date, over 15,000 
animals have been evaluated
through this detailed testing 
procedure.
Carcase and pork quality informa-

tion from this large dataset
together with growth performance,
ultrasonic measurements, feed
intake and pedigree relationships on
selection candidates and harvested
animals that contain detailed
cutout information are an important
resource for selection. Genetic cor-
relations among pork quality and all

other important traits need to be
considered and can be estimated
from this combined set of data. 
Utilising the correlations amongst

pork quality, carcase, and perfor-
mance traits, breeding values can be
estimated from this resource and
used for selection purposes.
A dataset of this size is required in

order to achieve the desired accu-
racy for breeding values. 
This accuracy can be further

enhanced through the use of
genomics. As previously mentioned,
detailed measurements on impor-
tant pork quality traits cannot be
measured directly on the selection
candidates. 
However, selection candidates

can be genotyped shortly after birth
and that information, along with the

pedigree and performance informa-
tion, can be incorporated into
genomic estimated breeding values. 
In doing so, the accuracy of the

breeding values using genomic
information can be 17-77% better
than non-genomic based breeding
values for pork quality traits. Simply
put, that is 17-77% greater genetic
improvement per year.

Conclusions

Consumers enjoy tender, flavourful
and juicy pork. In order to give the
consumer what they want pork
quality must be an integral part of a
genetics program. However, it is a
large investment and requires a sub-
stantial amount of data to improve
these traits. Pork quality is part of a
very complex system and selecting
for the ideal pig is challenging, but
not impossible. Multiple genes with
small effects control many of the
key pork quality traits.
Traditional selection methods can

accurately identify superior animals,
but genomics is an invaluable tool
that can greatly increase the rate of
genetic improvement in pork 
quality traits. n
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Table 2. Chromosomes that contain QTL identified for pork quality traits.

Traits Chromosomes

Fresh loin pH 15

Peak shear force (tenderness) 2, 17

Ham colour 1, 2, 5, 6, 9, 13, 14, 15 

Loin colour 1, 2, 5, 8, 9, 10, 13, 15, 17, 18

Drip loss 13, 14, 15

Cooking loss 15

Carcase length 2, 5, 6, 7, 13, 17
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