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Introduction 
The composition of pigs has changed dramatically during 

the past 100 years, from the lard-type hog prevalent in the 
late 19th century to the modern meat-type animal devel- 
oped largely since World War II (Wiseman, 1986). With the 
substitution of vegetable oils for animal fat, lard production 
ceased to be a production goal and pigs are now raised 
primarily as a source of protein for human consumption. 

Progeny testing to genetically improve quality and com- 
position of pigs began in Denmark in 1907 (Jonsson, 1975). 
Denmark has, without precedent, used genetic and other 
technologies to build the world’s most advanced system of 
production of high quality pork products, 85% of which are 
exported (Christensen, 1986). By the 1960’s, it was realized 
that, with reasonably accurate ultrasonic backfat probes 
and selection for moderately to highly heritable growth and 
carcass traits, performance testing would improve annual 
rates of genetic improvement by decreasing generation 
interval. 

Many pig breeding companies were formed during the 
1960’s and 1970’s and now supply pig breeding stock 
markets throughout the world. Pig Improvement Company 
(PIC), for example, was formed by a group of pig producers 
in England in 1962 and has since grown to include wholly- 
owned companies in the U.S., U.K., Germany, Mexico, 
Spain, Portugal, Denmark and France, and licensed distrib- 
utors, agents or major contracts in another 23 countries. 

It is the intent of this paper to review scientific pig breed- 
ing as it has been practiced for the past 30 years and the 
impact this has had on quality and composition of pigs. The 
genetic basis for meat quality is discussed and the opportu- 
nities for pig breeders to select for improved pork quality in 
the future is considered. 

Pig Breeding and Genetic Improvement 
Quantitative genetics technology was developed in the 

1940s (Hazel, 1943; Lush, 1945) and considerable genetic 
improvement of livestock species has been achieved 
through its applications since that time (Land, 1984; Smith, 
1984). Since the 196O’s, selection in pigs has focused on 
growth rate, feed conversion efficiency and indicators of 
carcass lean, such as probed backfat thickness. Significant 
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improvements have been achieved in these economically 
important traits over the past three decades (Glodek, 1982; 
Mitchell et al., 1982; Kennedy et al , 1986; Ollivier, 1986; Tix- 
ier and Sellier, 1986). 

Figures 1 and 2 show best linear unbiased predictions 
(BLUPs) of breeding value (BV) in PIC pure line nucleus pigs 
in the U.S. over the past six years. Initially developed for 
dairy sire evaluation (Henderson, 1973), BLUP has been 
adopted for genetic evaluation programs in most livestock 
species, including the pig (Long et al., 1991) Accuracy of 
genetic evaluations is increased by BLUP using information 
on all known relatives of an individual. Additionally, animals 
with differing amounts of information, producing records in 
different herds and (or) at different times can be compared 
without bias using BLUP Another advantage of BLUP is that 
it partitions genetic and non-genetic contributions to phe- 
notypic trends, allowing breeders to assess genetic change 
over time (Table 1) In our genetic nucleus herds, growth 
rate and feed conversion efficiency improved at approxi- 
mately 2% of the mean per year over the past six years 
(Figure l), while estimated breeding value of backfat has 
improved at an average rate of 3% of the mean per year 
(Figure 2). 

These genetic gains in rate and efficiency of lean growth 
have been made by performance testing individually- 
housed boars for growth rate, feed intake and backfat thick- 
ness and testing group-housed gilts for growth rate and 
probed backfat thickness. Selection index theory and, 
beginning in 1990, BLUP breeding value estimation proce- 

Figure 1 
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Genetic trends for feed conversion ratio (FCR) and average daily 
gain (ADG) for pure line pigs born in PIC, Inc nucleus herds 
between January 1,  1986 and December 31, 1991 
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Genetic trends for backfat (CKL=sum of three ultrasonic backfat 
readings taken on the live pig at the end of the performance test) 
and economic index (INDEX, $) for pure line pigs born in PIC, Inc. 
nucleus herds between January 1, 1986 and December 31, 1991. 

dures have been used to select the best 3% to 4% of boars 
and 30% to 40% of gilts as breeding replacements in PIC 
nucleus lines (Figure 3). Although the lean composition of 
market pigs has generally improved over the past thirty 
years, some correlated responses have been reported be- 
tween lean tissue growth characteristics and meat quality 
(pH, muscle, color and water-holding capacity (Froystein et 
al., 1979; Steane, 1981; Glodek, 1982; Ollivier, 1986). The 
Danish industry in the 1970’s was the first to include meat 
quality criteria in the breeding objective (Vestergaard, 1985). 

Until recently, little interest has been shown by the U.S. 
pork industry for decreasing the fat content of carcasses. 
This has been due mainly to the lack of financial incentives 
and to the relatively low costs of adding energy (as fat) to 
feed. Moreover, consumers were not overly concerned with 
the level of fat in their diets. This situation has, of course, 
changed and continues to change rapidly. Consumers are 
demanding lean meat products as evidenced by an in- 
crease in the demand for fresh pork (Anonymous, 1991) 
which is leaner than reported by the USDA in 1983. This 
has instigated an increased demand for breeding stock ca- 
pable of producing the lean pork demanded by packers, 
processors, retailers and consumers. 

Substitution of genetically improved animals for tradi- 

Figure 3 
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Rate of response to selection depends on: 1) superiority of se- 
lected parents, 2) heritability, Le., the proportion of superiority 
passed on to offspring and 3) the rate of generation turnover. 

tional sources of breeding stock replacements will have the 
most rapid effect on composition of the average market pig 
in the U.S. Only around 30% of breeding stock replace- 
ments are purchased in the U.S., vs 53% in Denmark and 
64% in the U.K., for example (Figure 4). 

Pig breeders must, then, understand and anticipate the 
market to ensure that their products remain competitive in 
the future. Demand for pork in the U.S. will probably remain 
steady at approximately 16 billion pounds per annum; how- 
ever, demand for better “quality” raw material will increase 
from the consumer through the pork chain to hog produc- 
ers and to their suppliers. The need for the pig breeder to 
accurately anticipate future market conditions is illustrated 
in Figure 5 which shows the progression in improvement 
from the nucleus level to market animals. Setting selection 
objectives in a pig genetic improvement program is a little 
like steering a super tanker, the genetic lag involved in dis- 
seminating improved genetics generated in nucleus popu- 
lations is such that a change in selection objective made in 
1993 will not impact the market hog population until 1997. 
Now, then, is the time to consider whether or not the breed- 
ing objective for the year 2000 should not be to lower the 
cost of quality lean meat production. 

Table 1. Estimated Genetic Trends for PIC, Inc. Genetic Nucleus Linesa 
Annual Six year totala 

Trend $ value pig Trend $ value pig 
Average daily gain, gld 14.43 .205 86.58 1.23 
Feed-to-gain ratio -.049 .617 .29 3.70 
Average backfat, mm -.819 .400 4.92 2.40 

Total valueb 
Lean market $ 1.75 $1 0.46 

Carcass lean, % .615 .923 3.69 5.53 

Backfat market $ 1.22 $ 7.33 
Liveweight market $ .82 $ 4.93 
@Pigs born January 1, 1986 to December 31, 1991. 
bAssurnptions for economic values: days to market, $.12 per day; feed cost, $.154 per kg; backfat, $.492 per mm; lean 
percent, $1.50 per pig per 1% change. 



45th Reciprocal Meat Conference 117 
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0 Homebred and Purchased 1 

U.S.A. U.K. Germany 

Spain Denmark Mexico 

Sources of pig breeding stock replacements. 

Ficrure 5 
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Genetic lag is the time i t  takes to raise the commercial parent (P) 
population to a (pre-existing) genetic nucleus (GN) genetic level. 
This lag results from the multiplication required to produce required 
volumes of hybrid parent breeding stock from a finite (3,000 sow) 
GN population. Great grand parents (GGPs) are pure lines mated 
cross to produce hybrid grand parents (GPs) that then produce 
three-or-four-line cross parent boars and gilts. 

Pork Quality 
As the importance of the end product increases through- 

out the pork chain, it is important to define and quantify what 
is meant by “pork quality.” Quality may encompass a variety 
of characteristics, from carcass composition to eating quality, 
as shown in Table 2. The importance placed upon quality pa- 
rameters might be driven by a product’s reputation or de- 
scription or, most commonly, by financial incentives to pro- 
duce a particular type of product. Quality may be determined 
subjectively as with many eating quality factors, or measured 
objectively using instruments or laboratory techniques. Ulti- 
mately, the consumer defines meat quality through demand, 

Table 2. Carcass Qualitv. 
Meat Quality 

Muscle Qualitv Fat Qualitv 
Carcass Composition 

Absence of fat Water holding Flavor 
Lean content Color Color 
Lean distribution PH Consistency 
Muscle thickness Tenderness 
Fat distribution Juiciness 

Intramuscular fat 

and the consumer wants a consistent, lean, palatable product 
at a reasonable economic value. Table 3 illustrates a number 
of potential pork quality problems. 

Undesirable palatability of pork may be experienced 
when meat is tough, dry, lacks flavor or exhibits some com- 
bination of these problems. Tenderness has been found to 
be the most important factor in eating acceptance of meat 
(Bratzler, 1971) and may be influenced by a variety of fac- 
tors including the quantity and state of collagen (Wood, 
1990), degree of myofibrilla contraction (Marsh, 1975) and 
many post-slaughter treatments. Intramuscular fat con- 
tributes to palatability by providing some juiciness (Lawrie, 
1966) and by exerting a dilution effect on muscle proteins, 
enhancing tenderness. The ability of the proteins to hold 
water also contributes to juiciness, tenderness and 
processing quality. Flavor components associated with 
meat are released upon heating, and some of those found in 
pork are in the fat (Smith and Carpenter, 1974) and are dis- 
tinguishable from other species of meat animals (Gomez- 
Gonzalez et al., 1991). 

Genetic Improvement of Pork Quality 
Figure 6 illustrates that perhaps the most important fac- 

tors affecting pork eating quality occur after the pig has left 
the farm, although genetic differences do exist for a number 
of meat quality traits (Diestre, 1991). Breed differences for 
PSE pork and meat color in part reflect differences in 
frequency of the so-called halothane gene in different popu- 
lations (Webb et al., 1982). These are discussed later in this 
paper. The Duroc and Meishan are examples of breeds with 
relatively high intramuscular fat (Sellier, 1988; Wood, 1990), 
whereas the Hampshire breed carries the so-called acid 
meat (RN) gene responsible for decreased Napole techno- 
logical yield (Le Roy et al., 1990). Pietrain pigs tend to have 
soft fat when compared to Large White pigs (Wood, 1990). 

Given the existence of breed differences for carcass 
quality characteristics, it is tempting to speculate that breed 
or line substitution may be used to achieve desired carcass 
quality characteristics. Figure 7 illustrates the variation 
between and within lines for carcass composition and meat 
quality characteristics. Means were based on entire boars 
fed ad libitum from 33 to between 90 and 100 kg liveweight 
in the U.K. The standardized range is the range between 
line means divided by the pooled within-line standard devia- 
tion. As can be seen, there was considerable variation 
between lines for carcass composition traits (e.g., yield, 
backfat thickness and carcass lean), moderate variation for 
some meat quality traits (e.g., drip loss, intramuscular fat 

Table 3. Carcass Quality Problems. 

Composition Muscle Quality Fat Quality 
Carcass Meat Quality 

Over fatness PSE Soft ness 
Over leanness DFD Taint 
Carcass damageC Eating quality Separation 
aPSE=Pale, Soft and Exudative. 
bDFD=Dark, Firm and Dry. 
CBlood splash, bruising. 
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carcass lean are very low (Wood, 1990). This would sug- 
gest that selection for high intramuscular fat in lean car- 
casses might be possible. Apart from poor meat quality 
associated with the halothane gene, there is no clear asso- 
ciation between carcass fatness, intramuscular fat and 
eating quality, however (Sellier, 1988). 

Chris Warkup of the U.K. Meat and Livestock Commis- 
sion (MLC) has represented the relationship between lean 
tissue growth rate and intramuscular fat as shown in Figure 
8 (Personal Communication, 1992). At one extreme, there 
are genetically unimproved lines with relatively low lean 
tissue growth rate but high levels of intramuscular fat. At 
the other extreme are genetically improved lines with fast 
lean tissue growth rate but low levels of intramuscular fat. 
The three sexes, barrows, gilts and boars, lie along the 
same line. Warkup’s hypothesis, however, is that meat 
tenderness is positively related both to lean tissue growth 
rate and to intramuscular fat. Pigs on restricted feed exhibit 
lowered lean tissue growth rate and intramuscular fat per- 
cent than those on ad libitum feed. Lines characterized at 
MLC as meat-type fed ad libitum had faster lean tissue 
growth rate, greater percent intramuscular fat and more 
tender pork than white-type lines on restricted feed. When 
the data were adjusted for differences in backfat thickness, 
line differences in meat tenderness were still evident. How- 
ever, when the data were adjusted for differences in lean 
tissue growth rate, no differences in tenderness were 
detected (Warkup, personal communication, 1992). 

The mechanisms relating lean tissue growth rate, intra- 
muscular fat and meat tenderness are, to say the least, still 
obscure. Selecting for improved lean tissue growth rate has 
been referred to as a “biological index” in the past (Fowler 
et al., 1976), as distinct from the economic selection index 
approach (Hazel, 1943). Even the biological model is, how- 
ever, still largely a “black box” in that the consequences of 
selecting for improved lean tissue growth rate on underlying 
biological mechanisms are largely unknown. For example, 
what effects does selection based on growth rate, feed 
intake and backfat have on fiber type? What is the mecha- 
nism of increased rate of muscle growth resulting from 
selection: increased protein synthesis and (or) decreased 

Table 4. Heritability Estimates (h2) for 
Carcass Quality Traitsa 

Trait # 
Intra-muscular fat .59 
Length .56 
Backfat depth .52 
Percent lean .48 
Loin eye area .47 
Flavor .47 
Color .34 
Water holding capacity .31 
Shear force .28 
Tenderness .28 
Dressing percent .23 
PH .20 
Drip loss . l l  
Juiciness .08 
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The majority of pork quality problems occur after the pig has left 
the finishing pen (after Diestre, 1991). 

Figure 7 
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and color), but little opportunity to improve eating quality 
(e.g., flavor, texture and juiciness) via manipulation of line 
makeup. Indeed, there appear to be, in general, only small 
effects of breed on pork quality when carcass fatness is sim- 
ilar (Wood, 1990). 

Selection for improved meat quality within lines is ham- 
pered by the absence of relevant measures that can be 
taken on live pigs and by the expense and decreased 
accuracy from having to take carcass measurements on 
slaughtered sibs. The relatively low heritabilities of meat 
quality characteristics and the potential for antagonistic cor- 
relations between meat quantity and meat quality traits also 
hinder progress in this direction. Heritability estimates for 
carcass quality traits are given in Table 4. Unlike carcass 
composition traits, which are moderately to highly heritable, 
most meat quality characteristics appear to be between 
10% and 30% heritable, with the notable exception of intra- 
muscular fat. In addition, estimates of genetic correlations 
between intramuscular fat and total carcass fat and total 

aFrom literature reviews in Lo (1990) and Stewart and Schinckel 
(1990). 
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The relationship between lean tissue growth rate (LTGR), intra- 
muscular fat (IMF) and pork tenderness. (Chris Warkup, 1992, 
personal communication). 
rate of protein degradation? That a decrease in protein 
degradation rate might be accompanied by a down-regula- 
tion of enzymes such as the calpains which contribute to 
meat tenderness has been suggested as a mechanism for 
decreased eating quality associated with genetic improve- 
ment of lean tissue growth rate (Goll, 1991). 

Danish researchers have consistently concluded that 
approximately 2% intramuscular fat (total lipid) is required 
for good eating quality characteristics (Wood, 1990). DeVol 
et al. (1988) found a significant decrease in tenderness 
below 2.5% to 3% intramuscular fat in a random sample of 
pork chops in the U.S. Levels of 2% to 3% total lipid in the 
longissimus dorsi are not, however, achieved in white Euro- 
pean pig breeds at subcutaneous fat thickness levels accept- 
able to consumers in Europe. Moreover, research in the U.K. 
has shown pork with highly acceptable juiciness and tender- 
ness can be found at between .8% and 1% extractable lipid, 
with levels around 1% preferred (Wood, 1990). However, 
these are at lighter slaughter weights and are probably less 
mature animals than slaughtered in the U.S. 

In the future, technologies such as magnetic resonance 
imaging (Henning et al., 1991) might allow determination of 
intramuscular fat levels in live pigs, and the heritability of 
intramuscular fat is such that levels could be improved by 
selection. However, it is by no means clear that such a se- 
lection strategy will serve to improve the eating quality of 
pork. Furthermore, segments of the industry seeking to for- 
mulate products with low fat levels consider marbling to be 
undesirable. Indeed, it has been suggested by other swine 
geneticists that eating quality issues should be addressed 

Table 5. Techniques to Reduce Variation in 
Carcass Traits. 

1. High health status, all-in/all-out 
2. Careful environmental control 
3. Stocking densities, feeder management 
4. Feeding: correct energy-protein ratios; restrict feeding 
5. Careful sorting by weight, sex 
6. Uniform crossbred type market pig 
7. Artificial insemination 

in the short term exclusively by improvements in feeding 
and management of the pig (Webb, 1982). Aside from eat- 
ing quality, there is considerable scope for reducing varia- 
tion in carcass composition traits by a number of manage- 
ment techniques besides genetics (Table 5). One important 
genetic effect contributing to pork quality, frequency of the 
halothane gene in slaughter pigs, will be controlled by pig 
breeders in the future due to development of a DNA test to 
determine genotype at this locus. 

The Halothane Gene 
Selective control of the halothane gene by pig breeders 

is desirable as the gene conveys both positive and nega- 
tive attributes. Halothane-positive pigs are homozygous re- 
cessive for a mutation of the ryanodine receptor (RYR) 
gene responsible for malignant hyperthermia or stress syn- 
drome in pigs (Fujii et al., 1991; MacLennan and Phillips, 
1992). Halothane-positive pigs have a better feed conversion 
efficiency and a higher percentage lean in the carcass com- 
pared to normal pigs, but have poorer meat quality, smaller 
litters and greater death loss. Halothane heterozygotes pos- 
sess approximately half of the advantages of halothane- 
positive pigs, while not suffering from stress-related 
mortality and with potentially small effects on meal quality. 
We are now utilizing a new method, known as the HAL1843TM 
halothane gene test', which enables the identification of car- 
rier as well as homozygous recessive pigs (Figure 9). 

Figure 9 

Polymerase chain reaction amplification of a section of the ryan- 
odine receptor (RYR) gene, treatment with a restriction endonucle- 
ase that cuts normal but not mutant gene DNA, fragment separa- 
tion by agarose gel electrophoresis, and exposure to photographic 
fiim of the ultra-violet illuminated gel stained with fluorescent ethid- 
ium bromide dye results in the white DNA banding pattern shown. 
The wells are at the top of the figure. Lighter fragments travel far- 
ther through the gel towards the bottom of the figure. The two 
bands near the bottom represent normal cleaved DNA. The white 
band of heavier DNA fragments in eight of the fourteen lanes re- 
sults from the presence of the mutant RYR (halothane) gene. 
Reading from left to right, then, pigs are normal, carrier, carrier, 
carrier, normal, stress susceptible, carrier, etc. 
'The HAL-1843 trademark is licensed from the Innovations Foun- 
dation, Toronto, Ontario, Canada, owner of the trademark. 
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Table 6. Stress Gene Carrier (Nn) vs Normal (NN) Pias: Exoerimental Evidence. 

Traita 
Mean % Advantage (disadvantage) 

Referenceb Nn-NN Mean Ranae 
LTGR, g/d 8 15 4.4 - 

Yield, o/o 1,2,3,8,9,10,11 .9 1.2 .4 to 3.9 
Carcass lean, o/o 1,2,3,5,6, 1.5 2.5 .4 to 4.7 

7,8,9,10,11 
Meat quality 4,5,6,7 (4.5) (1.9) to (10.4) 
index 

- 

PSE, Yo 5,7,10,11 -3.7 (50.0) 0 to (200.0) 
aLTGR = lean tissue growth rate; 
PSE = pale, soft and exudative pork. 

1 = Aalhus et al. (1991); 
2 = Carden (1982); 
3 = Christian and Rothschild (1981); 
4 = Eikelenboom et al. (1980); 
5 = Jensen (1981); 
6 = Jensen and Andresen (1980); 

The advantage of the new test is that i t  will allow pig breed- 
ers to exploit the positive values of the mutation, while iden- 
tifying and avoiding the homozygous recessive animals. 

By ensuring dam lines are free of the mutant stress 
gene, it might be advantageous to use terminal sire lines in 
which the mutation is fixed, thus producing all heterozygous 
stress gene carrier pigs. Table 6 reviews the experimental 
evidence for differences between normal and carrier geno- 
types. Carrier pigs exhibited 15 g/d improved lean tissue 
growth rate, .9% greater carcass yield and 1.5% higher lean 
content in the carcass compared to normal pigs. While 
some penalty may be experienced for meat quality, experi- 
mental results have been varied to date. The degree of poor 
meat quality experienced in halothane gene carrier pigs is 
dependent both on background genetics and pre-slaughter 
management. Effects in the Pietrain breed, for example, are 
more severe than in the Belgium Landrace and carrier vs nor- 
mal genotype differences vary between different Landraces. 

Summary and Conclusions 
The pork industry is moving forward to implement price 

incentives for producers of quality lean pork. These price in- 
centives are based on responses to consumer requirements 
for lean meat with good processing and eating qualities. 
Over the past three decades, pig breeders have focused ge- 
netic improvement programs on increasing the efficiency of 
lean pork production. It seems likely that simply aiming to 
decrease the cost of production of pork muscle will not be 
adequate to maintain pork’s market share in the future. 
Quality is likely to be an increasingly important issue, with 
opportunities for niche marketing of pork products using nu- 
tritional labeling or specified intramuscular fat levels, for ex- 

7= Jensen and Barton-Gade (1985); 
8= Rundgren et al. (1990); 
9= Satheret al. (1990); 

10= Simpson and Webb (1989); 
11= Webb (1981). 

ample. Nevertheless, in order to justify placing selection 
pressure on pork quality traits, it must be clear that there will 
be financial rewards for better meat quality in the future. 

We will continue to select to improve the efficiency of 
lean pork production while at the same time eliminating the 
halothane gene from most, if not all, of our basic lines. Mon- 
itoring meat quality as defined by color, pH, shear force, 
water-holding capacity, chemical composition (water, pro- 
tein, lipid) and taste panel evaluation of juiciness, tender- 
ness and flavor in our pure line genetic pigs has been a rou- 
tine practice in recent years and will be continued in all 
major lines. In addition, research and development projects 
will be initiated to better understand meat quality charac- 
teristics and the relationships between these traits and pre- 
sent and potential selection criteria. 

There are no simple answers to meat quality. If good 
pork quality is to be the focus of future production systems, 
then a// stages of production must be organized with meat 
quality in mind. This will involve using the right breeding 
stock with the required health status kept in conditions 
acceptable both to producer and consumer and fed to pro- 
duce the best potential meat quality. Loading, transport, 
lairage and slaughter procedures designed to minimize 
damage to pork quality will need to be implemented. Finally, 
the final product must be marketed in an appealing way to 
the consumer. To produce better quality products, contribu- 
tions at all stages must be recognized by a premium price 
that at least covers the additional costs involved. Produc- 
ers will be challenged to achieve the correct balance be- 
tween production costs and product value and must take 
steps to increase their understanding of all sectors of the 
pork chain. 
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