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Hovenier, R., 1993. Breeding for meat quality in pigs (Selectie op
vleeskwaliteit bij varkens). The aim of this study was to investigate the
possibilities of improving pig meat quality by selection. Therefore, literature
is reviewed to determine the meat quality traits to be used and genetic
parameters of those meat quality traits are calculated. A method is described
to obtain marginal-income functions and economic values of meat quality traits.
At last, consequences of including meat quality in the breeding goal for the
various tiers of the pig meat production chain are analyzed. It is concluded
that there are possibilities to improve meat quality by selection. Three
strategies to improve meat quality by breeding are described. Effects of the
various strategies on the genetic improvement of both production and meat
quality traits are examined. Which strategy has to be used will depend on the
current levels of the meat quality traits of the commercial pigs.
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Stellingen

1. Wil varkensvlees kunnen blijven concurreren met de andere vleessoorten, dan
is verbetering van de kwalifeit van varkensvlees een voorwaarde.

2.  Selectie op mesterij- en slachteigenschappen met de huidige selectie indices
heeft een teruggang van de vleeskwaliteit tot gevolg.
(dit proefschrift)

3. De maximale shearforce kan als indexkenmerk gebruikt worden bij de selectie
op malsheid van varkensvlees.
(dit proefschrift)

4.  Een zinvolle implementatie van vleeskwaliteit in varkensfokprogramma’s valt
of staat met het inzicht in de huidige niveaus en de optimale waarden of ranges

van vleeskwaliteitsparameters.
(dit proefschrift)

5. Voorwaarde voor het op korte termijn opnemen van vleeskwaliteit als
fokdoelkenmerk in een fokkerijprogramma is het maken van afspraken over een
verdeling van de kosten en opbrengsten hiervan tussen de verschillende lagen
in de varkensvleesproduktiekolom.

(drt proefschrift)

6. Het is belangrijk om moleculaire technieken in de huidige staat van
ontwikkeling meer te zien als een belangrijk gereedschap in het onderzoek naar
het functioneren van dieren dan ais directe mogelijkheid voor de veeverbetering.

(Hill, W.G. and P.D. Keightley, 1988, In: Advances in Animal Breeding:
symposium in honour of Prof. R.D. Politiek; 41-55)
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12.

Het ontbreken van goede criteria voor de selectie op algemene ziekteresistentie
en van een efficiént registratiesysteem en het feit dat selectie op specifieke
resistentie tegen de ene ziekte de gevoeligheid voor een andere ziekte kan
vergroten, zijn de belangrijkste redenen voor het uitblijven van verbetering in
ziekteresistentie.
(Lie, @, 1990. Proc. 4* World Congress on Genetics Applied to Livestock
Production, XVI; 421-426)

Voor de interpretatie van resultaten van moleculair- en kwantitatief genetisch
onderzoek is biologisch fokkerijonderzoek onmisbaar.

In de Europese akte van 1986 is vastgelegd dat met ingang van 1993 er binnen
de Europese Gemeenschap een volledig vrij verkeer van personen, goederen,
diensten en kapitaal moet zijn bereikt; op dit moment betekent Europa 93 voor
de burgers echter weinig meer dan het zonder paspoortcontrole de Europese
binnengrenzen kunnen passeren,

Het invoeren van een zuivere speeltijd van 2x3(¢ minuten is een effectieve
maatregel om het tijdrekken in het huidige voetbal tegen te gaan.

As je achterom koike is 't een kort endje.
(Westfriese zegswijze; dit proefschrift)

Raak nooit in paniek, dat doen anderen wel voor je !

Proefschrift van R. Hovenier
Breeding for Meat Quality in Pigs
Wageningen, 23 juni 1993
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En dit is dan 2o ongeveer het laatste loodje, het schrijven van het voorwoord.
De tekst van het proefschrift is gereed, alles nog eenmaal printen en de figuren
inplakken en dan is het gebeurd. Ruim vier jaar werk aan de vakgroep en een
aantal maanden huisvlijt is dan gebundeld in het voor U liggende proefschrift.

Aan het einde van dit project zijn er, uiteraard naast de conclusies van het
proefschrift, een aantal dingen die je zo te weten bent gekomen. Allereerst dat ik
in één van de gezelligste kamers van Zootechniek heb gezeten, bij sommigen
bekend als de "Bourgondische" kamer, een kamer met een proefschriftdichtheid
van ongeveer 35 bladzijden per m? een kamer die oranje kleurde ten tijde van
Europese en Wereldkampioenschappen, een kamer die naast ham, kaas en kippen
in het teken stond van skippyballen, de feestcommissie, Chinese ontwikkelingen,
Tour de France en Aaltense wielrenners. Henk, toen wij elkaar begin februari
1988 tegen kwamen op "onze" kamer kenden we elkaar nauwelijks, ondanks dat
later bleek dat we in ons eerste studiejaar in eenzelfde werkgroep hadden gezeten.
Maar dat het allemaal uitstekend is uitgepakt zal een ieder bekend zijn. Bedankt
voor het collega-zijn! Esther, ook jij bedankt. Tk hoop dat wij het leven niet al te
zuur voor je gemaakt hebben. Je moet me alleen nog wel eens vertellen wat je nu
met die fles "wijn" hebt uitgevoerd. Ming, I want to thank you too for being a nice
colleague during the last years. Henk, Ming and Esther, it was a pleasure to
share the room with all of you! Thanks!

Het is een bekend gegeven dat je het schrijven van een proefschrift niet alleen
doet. Dat vind ik niet alleen, maar dat kun je in de voorwoorden van vele andere
proefschriften ook terugvinden. Daarom dank ik hierbij Prof. Politiek, die in het
begin de rol van promotor vervulde. Zijn rol is na korte tijd overgenomen door
Pim Brascamp. Pim, bedankt voor alle waardevolle bijdragen en nuttige wenken
gedurende de afgelopen jaren. Eghert Kanis heeft gedurende deze vier jaren
gezorgd voor de dagelijkse begeleiding. Egbert, bedankt voor alle steun en bege-
leiding. En tenslotte wil ik ook Julius van der Werf bedanken voor het doorspit-
ten en het van commentaar voorzien van al mijn schrijfsels. Naast genoemde
begeleiding vanuit de vakgroep stond er ook nog een begeleidingsgroep vanuit de
Encebe tot mijn beschikking. Ook hen dank ik voor alle opmerkingen en sugges-
ties, met name de heren Westerink, van Asseldonk en Pieter Knap. Tenslotte wil
ik alle mensen van het laboratorium van de Encebe in Boxtel bedanken voor het
nauwgezet uitvoeren van de vele metingen die verwerkt zijn in dit proefschrift en
de leden van het smaakpanel bedanken voor het beschikbaar stellen van hun tijd,




kaken en magen. Ik hoop dat jullie er weer overheen zijn.

Tot slot wil ik Ada Wiggermans en Petra de Jong bedanken voor het uitvoe-
ren van al die kleine klusjes die ik hen bezorgd heb vanuit het Italiaanse. En ook
wil ik nu reeds mijn paranimfen Ella Luiting en Imke de Boer bedanken voor het
werk wat zij al gedaan hebben voordat ik dit voorwoord schreef en voor het werk
wat er ongetwijfeld na het schrijven van dit voorwoord nog eens bovenop zal
komen.

Lieve lezers, dit waren de mensen die ik in ieder geval bij naam genocemd
wilde hebben. Uiteraard bedank ik verder iedereen, die op welke wijze dan ook
heeft bijgedragen aan de prettige werksfeer: volleyballers, bibliothecaressen,
studenten, collega’s, enz., enz.

Wat staat U verder nu nog te wachten? Op pagina 129 het Curriculum Vitae,
de stellingen zult U vast al gelezen hebben en de Nederlandse samenvatting kunt
U vinden op bladzijde 109. Voor de taalfreaks heb ik ook de Italiaanse samenvat-
ting nog bijgeveegd (blz. 119; Paolo, grazie mille per il sommario). En voor de
echte doorzetters: de volledige tekst van het proefschrift begint op pagina 1.

Ciao, Ron
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INTRODUCTION

In current pig breeding schemes, main emphasis is put on economically
important traits like growth rate, feed intake, lean meat percentage and litter size.
However, in addition to these traits meat quality deserves increasing attention.

In 1989, worldwide pig meat production was about 40% of the total meat
production and in Europe over 50% of the total amount of meat produced was pork
(FAQ, 1990). But, after a continuous increase in the consumption of pork in the
E.E.C. for about 15 years, increase of pork consumption has tended to stagnate
(P.V.V, 1989). Main reason for this stagnation seems to be the attitude of the
consumer towards pork. From consumer research, it appeared that healthiness of
the meat, the sensoric properties of the meat, the ease to prepare and the
possibilities to use the meat and the price of the meat are of great importance when
consumers compare different kinds of meat (Steenkamp and Van Trijp, 1988).
Compared to beef, the consumers judged pig meat to be less healthy and to have
minor sensoric properties, though easy to prepare and cheap. Compared to poultry,
pork was never judged to be better on the four items given. Anocther point of
importance may be the large variation in pig meat quality, especially in comparison
with veal or poultry meat (Sebranek, 1982).

Besides the moderate image of pork to the consumers, also meat industry
comments frequently about inereasing incidence of meat quality problems
(Kempster et al., 1986). Especially low water-holding capacity is a general
complaint of processing industry and supermarkets (Russo, 1988).

An important genetically determined meat quality deficiency is pale, soft and
exudative (PSE) meat. The halothane test (Eikelenboom and Minkema, 1974),
made it possible to select effectively against PSE meat. Selection against halothane
susceptibility resulted in a decrease of this susceptibility from 36% in 1977 to 8%
in 1984 for Dutch Landrace (Eikelenboom, 1985). However, even in halothane-
negative populations, a considerable amount of genetie variation for meat quality
remaing (e.g. Cameron, 1990).

Exploiting genetic variation by including meat quality in the breeding goal of
pig breeding programs is a possibility to improve meat quality (Malmfors et al.,
1980; Vestergaard, 1985). For this, specific meat quality traits to be included in the
breeding goal and selection index have to be chosen and genetic and economic
parameters have to be estimated. Also, consequences of including meat quality in
the breeding goal for the various tiers of the pig meat production chain have to be
analyzed. These topics are subject of this thesis.

Literature was reviewed to give backgrounds of the term "meat quality”, to
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survey the most important traits determining pig meat quality and to evaluate the
meat quality demands of both consumers and meat industry (Chapter 1). To
indicate the potential of breeding to improve meat quality, heritabilities and genetic
and phenotypic correlations of production and meat quality traits are reviewed.
However, the genetic parameters reviewed may be influenced by the frequency of
the halothane-positive allele because in most literature halothane susceptibility of
the population(s) under study was not given.

To evaluate the possibilities to improve meat quality by breeding and to
evaluate the effects of selection for a better meat quality on the genetic
improvement of the production traits in a halothane-negative population,
repeatabilities, heritabilities and correlations of both production and meat quality
traits for such a population have to be known. In Chapter 2, a study is described
in which repeatabilities of meat quality traits and their mutual correlations are
estimated. Because of the importance of meat tenderness and the preference for
chjective measurements over the use of subjective measurements, special attention
is paid to meat tenderness measurements. Meat tenderness judged by a taste panel
was used as a subjective measurement, the Warner-Bratzler shearforce
measurement and the assessment of total amount of collagen were used as objective
tenderness measurements.

To estimate heritabilities and genetic and phenotypic correlations, production
and meat quality were measured during 1% years in over 1,100 animals of two
halothane-negative lines (Dutch-Yorkshire and Duroc) and of two sexes (boars and
gilts), fed ad libitum and raised until a fixed age. Estimates of the genetic
parameters of the traits measured are given in Chapter 3.

Economic values have generally been used to weigh breeding goal traits. For
meat quality traits, no economic values are found in literature. A problem for most
meat quality traits is that they economically show an optimum range resulting in
a dependency of the economic value for a particular trait on the mean of the
commercial population for that trait. Approaches that can be followed in such a
case include restricted selection index or incorporating an optimum trait
quadratically in the aggregate genotype. Whatever method is used, it is always
necessary to calculate an accurate profit or marginal-income function. For meat
quality traits with an optimum, in most cases, a marginal-income function is only
approximately known in terms of thresholds below or above which the product is
not acceptable or only acceptable for lower prices. In Chapter 4, a method is
presented to derive a marginal-income function and to calculate economic values
for this case. The method is illustrated by the case of ultimate pH.

Finally, in Chapter 5, the effects of including meat quality in the breeding goal
of a pig breeding program are discussed for each of the tiers of a pig meat
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production chain. Using the results from the earlier chapters, five cases were
evaluated each describing three different breeding goals and selection criteria.
These cases are chosen to illustrate the effects on response to selection of
population means for the meat quality traits and consequently of different economic
values. Furthermore, the effects of including meat quality traits in both breeding
goal and selection index are illustrated. Based on the results of the case studies,
the usefulness of inclusion of meat quality in the breeding goal of a pig breeding
program is discuszed.
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BREEDING FOR PIG MEAT QUALITY IN HALOTHANE-NEGATIVE
POPULATIONS - A REVIEW

ABSTRACT

In this paper a review is given about pig meat quality in general and about
breeding for a better pig meat quality in halothane-negative populations.
Important traits to determine organoleptic and technological meat quality are
pH, meat colour, amount of intramuscular fat, water-holding capacity and meat
tenderness. Methods to measure those traits are reviewed. Mean heritabilities
of the meat quality traits range from 0.20 for water-holding capacity and
ultimate pH to 0.50 for amount of intramugcular fat. A review of the genetic
correlations between production traits and meat quality traits show large
ranges, especially for correlations with water-holding capacity. Mean genetic
correlations between daily gain and meat quality traits will be zero or slightly
negative except for the genetic correlation with amount of intramuscular fat
which will be about 0.35. Mean genetic correlations between backfat thickness
and meat quality will be positive, mean genetic correlations between lean meat
content will be negative. It is concluded that meat quality will become worse
if no attention is paid to meat quality in future breeding programs. Finally,
gome further points for research are discussed.

Keywords: Pigs, Parameters, Meat Quality

INTRODUCTION

Forty percent of all meat produced in the world is pork. FAO (1990) estimated
world pork production in 1989 at over 67 million tons (Table 1). In the same year
beef, veal and buffalo represented about 30%, lamb, sheep and goat meat about 5%
and poultry about 22%. The quantity of pork produced differs greatly in various
areas due to differences in production, market conditions and alimentary customs.
The largest pork producers were Asia and Europe, together producing about 72%
of the world pork production (FAQ, 1990).

These data demonstrate the significance of pork. After a continuous increase
in the consumption of pork in the E.E.C. for 15 years, however, the increase of pork
consumption has tended to stagnate and is expected to be less then 1% per year
until the year 2000 (P.V.V,, 1989).

To compete successfully with other meat sources, it will be necessary to
produce pork conforming to the demands of consumers, distributors, processing
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Table 1. World meat production in 1989.

Pig Beef, Veal and  Lamb, Sheep Poultry

Total Buffalo and Goat

x1000

tons x1000 % x1000 % x1000 % x1000 %

tons tons lons tons

Europe 42,923 21,745 50.7 10,511 245 1,418 3.3 8,254 19.2
USSR 19,970 6,750 33.8 8,800 44.1 878 44 3,250 16.3
Asia 44,340 26,606 60.0 4,838 10.9 3,348 7.6 8,587 194
Africa 8,230 488 5.9 3,625 44.1 1,481 18.0 1,708 20.8
North and 36,299 9,547 26.3 14,028 38.7 248 0.7 12,087 33.3
Central America
South America 13,047 1,930 14.8 7,100 54.4 346 2.7 3,471 26.6
Oceania 4,052 395 9.8 2,021 499 1,120 27.6 460 11.4
World 168,860 67,460 40.0 50,923 30.2 8,838 52 37,817 224

Source: FAQ (1990)

industry and slaughter houses. Main problems of pig meat in comparison with veal
or poultry meat, for example, are the large variation in quality of pig meat and the
bad health image of pork, mainly due to the image of pig meat to be fat. Especially
poultry has a better health image and is more constant in quality than pig meat
(Sebranek, 1982; P.V.V., 1989).

An important meat quality deficiency is pale, soft and exudative (PSE) meat.
The introduction of the halothane test by Eikelenboom and Minkema (1974) made
it possible to select effectively against PSE meat. Breeding strategies against
halothane susceptibility resulted in a decrease of halothane susceptibility from 36%
in 1977 to 8% in 1984 for Dutch Landrace (Eikelenboom, 1985). Even in halothane-
negative populations however, a considerable amount of genetic variance for meat
quality remains (e.g. Schmitten et al., 1984 and Cameron, 1990). In this review no
attention will be paid to the influence of the halothane gene on meat quality.

Because consumers are the ultimate users, they determine the quality demands
of meat. However, all operators in the production chain, from breeders to
consumers, will add their demands to the demands of the next operator in the chain
(Sebranek, 1982; Russo, 1988; Lundstrém, 1990).

This paper reviews the traits that can be used to determine pig meat quality
and the meat quality demands of both consumers and industry. The review is
limited to those guality aspects that are dependent on the animal and that possibly
are influenced by breeding, management, feeding, slaughtering and handling, etc.
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Furthermore, no attention will be paid to fat quality, which is also a part of total
meat quality. Levels and variance of important meat quality traits are discussed.
Heritabilities, correlations among meat quality traits and correlations between
production and meat quality traits are included. Although no attention is paid to
the influence of the halothane gene on meat quality it was inevitable to use
information from halothane-susceptible populations because only a limited amount
of literature is based on research in halothane-negative populations only. Finally,
some areas for further research are discussed.

MEAT QUALITY CONCEPT

Meat quality characteristies in general can be divided in four quality factors
{(Hofmann, 1987; Russo, 1988):

1. Organoleptic characteristics

2. Technological characteristics

3. Nutritional characteristics

4. Hygienic characteristics (Table 2)

The organoleptic traits are those that influence the decision of the consumer
to buy the meat in the shop and, after consumption, to buy it a subsequent {ime.
Nutritive quality concerns the chemical composition and the dietetic properties of
the meat. Hygienic quality concerns the absence of microorganisms and of residues
of drugs, pesticides and additives. Finally, technological quality implies the
suitability of the meat for preparation and packing for distribution, the suitability
for cooking and processing into various products and for keeping (Sebranek, 1982;
Hofmann, 1987; Russo, 1988).

Based on these four factors the following definition of meat quality can be
given:

Meat quality is the sum of organoleptic, nutritional, hygienic and

technological properties of the meat
(Hofmann, 1973)

or even shorter:

Quality is the sum of all the quality factors
{(Hofmann, 1987).

The above characteristics are called intrinsic meat quality factors. Besides
these intrinsic factors, extrinsic factors, such as motivational and psychological
factors influence meat quality (Wismer-Pedersen, 197%; Russo, 1988). These factors
include history, knowledge, religious ethics, fashion, price, the way meat is
produced, ete.



12 Chapter 1

Table 2. Four main pork quality characteristics.

I. Organoleptic characteristics II. Technological characteristics
- colour - water content

- exudation loss - water holding capacity

- marbling - connective tissue content
- smell -pH

- taste - aalt absorption capacity

- juiciness - unsaturated fatty acids

- tenderness content

- texture

II1. Nutritional characteristics IV. Hygienic characteristics
- protein content - bacterial load

- caloric value - pathogenic germs

- vitamin content - pH value

- mineral content - watler activity

- lipid content - reduction potential

- saturated fatty acids content - nitrate

- cholesterol content - pickle salt

- utilization - drugs residues

- digestibility - anabolic agents residues
- biological value - pesticide residues

- heavy metal residues

Hofmann, 1987; Russo, 1988,

Because of its importance for the purchase of meat, organoleptic quality is
considered to be the most important part of meat quality and, therefore, was
examined in most meat quality research (Hofmann, 1987). Nutritional and health
characteristics and extrinsic factors such as animal welfare, however, are becoming
more important (Lister, 1990).

Several of the characteristics in Table 2 can not be used to select for better
pork quality. To improve pork quality by selection, only those traits can be focused
on that are heritable, not to mention the economic values of the traits. Improving
non-heritable meat quality traits must be done by improving hygiene in the whole
chain from producer to consumer, by improving processing, or by correcting
consumer misconception and changing consumer habits, keeping in mind the
demands of different markets (Sebranek, 1982; Russo, 1988). However, hygienic
quality also can be improved by breeding. When animals have increased resistance
against diseases, for example, the use of medicine can be decreased and hygienic
quality may be increased by for example reducing the risk of residues.
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PORK QUALITY TRAITS
Organoleptic Quality

The first impression a consumer gets when buying pork is appearance.
Intensity and uniformity of colour, together with the amount of visible fat and drip
loss, affect the appearance of the meat (Sebranek, 1982; Barton-Gade et al., 1988;
Steenkamp en Van Trijp, 1988). However, appearance of the meat is in general not
a good guide to eating quality. Reason for this may be lack of knowledge of the
consumer.

Colour intensity and uniformity are the result of the amount of muscle pigment
present, its distribution over the muscle and its chemical state. The effect of
pigment on meat colour is influenced by the pH, especially for fresh meat. Based
on consumer perception tests, both low and high pH influence the colour in a
negative way (Barton-Gade et al., 1988). Selection for a higher amount of pigment
ia necessary because paleness, caused by a faster-than-normal acidification of the
muscle, is enhanced by a low muscle pigment concentration (Warriss et al., 1990).
By using measurements with grading probes, that use light in the visible part of the
light spectrum, selection for darker meat colour will result in a higher pigment
concentration (Lundstrém et al., 1988; Warriss et al,, 1990).

Palatability characteristics (flavour, tenderness, juiciness, texture) are
subjective characteristics and are difficult to measure in an objective way.
Tenderness is the most important criterion, although palatability characteristics are
highly intercorrelated (Barton-Gade et al., 1988). Besides its influence on
appearance, intramuscular fat content seems also to influence tenderness (Barton-
Gade and Bejerholm, 1985; Bejerholm and Barton-Gade, 1986; DeVol et al., 1988,
Ellis et al., 19990). Other authors did find little or only a small effect of amount of
fat on tenderness (Rhodes, 1970; Wood et al., 1981; Kempster et al., 1986; Cameron,
1990). A consumer panel found a significant effect of amount of intramuscular fat
on tenderness (Wood et al., 1988). In the same investigation, however, a trained
taste panel did not find a significant effect. Each panel found a significant effect
of amount of intramuscular fat on the juiciness of the meat. One reason for this
contradiction in results may be the range of intramuscular fat levels found in the
various studies (Ellis et al., 1990). In the Danish studies (Barton-Gade and
Bejerholm, 1985; Bejerholm and Barton-Gade, 1986} and the study of Ellis et al.
(1990) the ranges in absolute values for fatness were much greater than in the UK.
studies (Wood et al., 1981; Kempster et al., 1986; Cameron, 1990), where there were
poor relationships with eating quality. A reason for these differences in absolute
values for fatness may be the low slaughter weight (about 80 kg live weight) used
in the U.K.

Intramuscular fat level influences meat tenderness up to an intramuscular fat
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level of 2.5 to 3.0% (Bejerholm and Barton-Gade, 1986 and DeVol et al., 1988).
Below this level diminished eating quality is found for lower percentages of
~ intramuscular fat. Intramuscular fat levels higher than 3.0%, however, did not
improve meat {enderness. Because of these results and the fact that many
consumers will reject meat with a visible and thus a high amount of intramuscular
fat (Barton-Gade and Bejerholm, 1985), the optimal level of intramuscular fat will
be 2.5 to 3.0%.

Water-holding capacity is also important for both appearance and tenderness.
Muscles with low water-holding capacity are dryer tasting and lose more water
during processing, storage, transport and display, resulting in a less pleasing visual
appearance (Kauffman et al., 1986). The relationship between water-holding
capacity, meat tenderness and ultimate pH was discussed by Gault (1985}, who
concluded that the influence of pH on meat tenderness is primarily due to the
relation between pIl and water-holding capacity and that higher water-holding
capacity results in higher tenderness. Furthermore, Gault (1985) concluded that
the relationship between water-holding capacity and tenderness is not linear but
that higher water-holding capacity has diminishing benefit on tenderness.

Summarized, important traits for organoleptic quality appeared to be meat
colour, amount of intramuscular fat, water-holding capacity and tenderness.
Ultimate pH is also an important trait because of its relations with colour, water-
holding capacity and tenderness.

Technological, Nutritional and Hygienic Quality

The characteristics given above are considered from the point of organoleptic
quality. For other quality factors determining overall meat quality, however, we
deal to a large extent with the same traits. Lower water-holding capacity is a
general complaint of the processing industry and supermarkets (Russo, 1988). For
the processing industry, water-holding capacity is of importance because of lower
production yields due to higher drip losses. Total liquid loss occurring in the
various distribution phases, is 4-5% of the initial weight in PSE carcasses, at
maximum (Kauffman and Hedrick, 1972; cited by Russo, 1988). Because this
estimate is for PSE carcasses this result will be an extreme. In France, exudation
loss of fresh meat is estimated to represent at least 1.5% (Jacquet, 1988). The
decrease in water-holding capacity in meat from halothane-positive pigs lowers the
production yield of cooked ham by an average of 2 to 3% (Kauffman and Hedrick
(1972), cited by Russo, 1988; Sellier, 1988). However, over the last twenty years
in Parma ham production, where PSE cuts are not used, an average increase of 4-
5% to 27-28% in seasoning loss has been calculated (Russo, 1988).

Considering ultimate pH, the processing industry requires meat ranging
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between 5.5 and 5.8. A higher pH is undesirable, especially for ham or salami
production ag it hinders salt penetration and promotes microbial alterations; a
lower pH is also undesirable, especially for cooked and seasoned ham because of the
coherence with larger weight losses during production (Russo, 1988).

From the nutritional point of view, meat is a good source of essential amino
acids and, to a lesser extent, of certain minerals and vitaming, Seufl (1990)
summarizes the nutritional value of meat and meat products of different species in
comparison with other foodstuffs. Lawrie (1985) gives a comprehensive overview
of the role of meat in human nutrition, Although each of the single characteristics
determining nutritional quality (see Table 2) have a genetic compound, it is not
pussible to choose two or three traits that for the most part determine nutritional
quality. Therefore, no further attention is paid to nutritional quality.

Most traits relating to hygienic quality are non-heritable traits (see Table 2)
and will therefore not be discussed here. An exception is pH, which has a relation
with keeping quality of the meat. As stated before discussing technological quality,
keeping quality will decrease when the ultimate pH becomes higher than 5.8,

It can be concluded that there are two important criteria affecting technological
quality, namely water-holding capacity and ultimate pH. For hygienic quality,
ultimate pH is an important heritable trait.

MEASURING MEAT QUALITY
Meat Colour

Several methods are used to measure meat colour: Gofo-measurement (mainly
used in Germany; e.g. Scheper, 1979; Horvath et al., 1984; Schmitten et al., 1984,
Sonnichsen et al.,, 1984% Busse and Groeneveld, 1986), EEL-reflectance
measurement (Lundstrém et al., 1979; Malmfors and Nilsson, 1979; Lundstrom et
al, 1984; Fjelkner-Modig and Persson, 1986, Johansson, 1987; Johansson et al.,
1987), description of the colour according to the CIELAB colour space (Merks et al.,
1989; Cameron et al., 1990; Oster and Fewson, 1990) and Japanese colour scale
{Merks et al., 1989; Table 3). The Gifo- and EEL-measurements are reflectance
methods at a single wavelength, CIE covers a description including lightness, hue
and saturation and the Japanese colour scale refers to comparison of the colour of
the meat with a standard colour scale.

For pig meat Gofo-values vary from 47.2 to 60.5 (the higher the value the
darker the meat), the standard deviation is about 11 points. For EEL-reflectance,
values vary from 19.5 to 25.6 {the higher the value the paler the meat), the
standard deviation is about 4 points. For CIELAB colour space, colour is measured
with reference to lightness (L*; 0=black, 100=white) and two colour co-ordinates
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Table 3. Important meat quality traits, methods to measure, repeatabilities,
means and standard deviations and average heritabilities.

Trait Group of Method of Repeata- Means Standard Herita-
interest measurement bility deviation bility
Gofo - 47.2-60.5 11
EEL. - 19.5-25.6 4
Colour consumer  CIELAB 0.47-0.85 50.9-56.1 4 0.30
Japanese scale - - -
subj. score’ - - -
Amount of J Fosslet -
intramuseular P ICT Soxleth 0.96 09-45%  0516% 0.50
fat NSty fra-red .
drip loss 0.39-0.82 2-8% 0.2-4.0%
cooking loss 0.41-0.69 15-33% 2-6%
Water-holding  consumer/  stand. laboratory 0.20
capacity industry  methods’ 0.49-1.00 - - ’

filter paper and
other fast methods' 0.00-0.82 -

WB-shearforce 0.42 19-56N 4-9N
Tenderness consumer Lo panel! 0.55 N | 0.30
H consumer/  pHy - 5.56-6.62 0.10 0.30
» industry  ultimate pH . 5.41-6.15 0.12 2.20

! Because several scales or methods are used no means and standard deviations are given.

a* and b*. The extreme colours of a* are red (positive) and green (negative), the
extreme colours of b* are yellow (positive} and blue (negative; MacDougall, 1986).
Values for L* range from 50.9 to 56.1 (standard deviation about 4 points), for a*
from 3.9 to 7.7 (standard deviation about 1.5) and for b* from 7.2 to 14.4 (standard
deviation about 1.5). The range of means and the standard deviations for a* and
b* are wide. Because the muscle analyzed and the time of measuring after
slaughter was the same for the given studies, reason for this may be that different
breeds were analyzed.

No repeatabilities are found in literature for Gofo- and EEL colour
measurements or for the meat colour measurement using Japanese colour scale
(lower values for light meat, higher values for dark meat). For CIELAB colour
space the repeatability of L* has been estimated to be 0.85 (Oster and Fewson,
1990). However, Cameron et al. (1990) estimated for L* a repeatability of 0.47.
Repeatabilities for a* (0.57 and 0.61) and b* (0.76 and 0.67) were more in
agreement for both studies.

Another way to measure meat colour is using subjective scores (e.g. Pedersen,
1979; Schworer et al., 1980). Subjective methods are difficult to use because of the
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possible influence of environmental factors and difficulties in keeping the standards
at a constant level (Pedersen, 1979).

Amount of Intramuscular Fat

Comparisons of amount of intramuscular fat are reviewed by Sellier (1988) and
Schwirer (1988). The amount of fat ranged from 0.9% to 4.45% of the fresh meat
(Table 3). The amount of fat differ to a large extent by breed: Belgian Landrace
ranged from 0.9% to 2.4%, whereas Duroc ranged from 2.69% to 4.45%. The
standard deviation is higher for populations with a higher mean and varies from
0.3 to 1.6. Repeatabilities of the intramuscular fat measurement are scarce in
literature. Only Cameron et al. (1990) give a repeatability of 0.96 using extraction
of the fat in a Soxleth apparatus with diethyl ether.

There are several methods to measure amount of intramuscular fat. Many
laboratories use the Soxleth-method (Schwérer et al., 1987). Other reproducible
methods are Fosslet-extraction (Merks et al.,, 1989) and infrared measurement
(Schworer et al., 1987). The correlation between Soxleth and Fosslet measurements
was 0.99 (Van der Wal et al., 1991) and the correlation between Soxleth and
infrared measurement was 0.92 (Schwirer et al., 1987),

Water-Holding Capacity

Mean values for drip Ioss vary from 1.9% to over 8% (Lundstrém et al., 1979;
Malmfors and Nilsson, 1979; Scheper, 1979; Schwirer et al., 1980; Lundstrém and
Malmfars, 1985; Kauffman et al., 1986; Merks et al., 1989; Table 3). Results are
difficult to compare, however, because of the different methods used and the time
over which the loss is measured. Standard deviations range from 0.2% to about 4%.
Cooking losses range from 15% to 33% (Lundstrém et al., 1979; Malmfors and
Nilsson, 1979; Scheper, 1979; Kauffman et al., 1986; Merks et al., 1989; Table 3);
standard deviations range from 2% to 6%. Also cooking losses found in different
studies are hard to compare because of the great number of factors influencing the
cooking loss, like for example the temperature used.

Kauffman et al. (1986) investigated several methods to estimate water-holding
capacity in the M. longissimus, namely weight loss measurements such as drip and
cooking loss, standard laboratory measurements such as swelling test, high-speed
centrifugation or permittivity test and filter paper press and other rapid methods.
Repeatabilities for drip loss methods varied from 0.61 to 0.82, the highest for the
measurement with a sample of standardized size. Repeatabilities for cooking losses
varied from 0.41 to 0.69. Repeatabilities of standard laboratory measurements
ranged from 0.49 to 1.00 and repeatabilities of filter paper tests and other rapid
methods ranged from 0.00 to 0.82. Lundstréom and Malmfors (1985) found
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repeatabilities of 0.39 for vacuum packed samples to 0.64 for the capillary
volumeter method which results were some lower than those found by Kauffman
et al. (1986). Reason for this may be the fact that Lundstrém and Malmfors did not
use consecutive slices for the measurements of one type of water-holding capacity.
Therefore, non-systematic variation that might occur along the M. longissimus will
lower the repeatability estimates (Lundstréom and Malmfors, 1985). Based on the
repeatabilities, Kauffman et al. (1986) concluded that drip loss methods were
appropriate to estimate water-holding capacity, if time required to obtain results
is not important and especially when size is standardized. One disadvantage of
laboratory tests is the large initial investments required for equipment.

Tenderness

Two methods are used to evaluate tenderness: assessment by a taste panel
(Jensen et al., 1967; Cameron, 1990) and measurement by the Warner-Bratzler
shearforce (Jensen et al,, 1967; Arganosa et al., 1969; Malmfors and Nilsson, 1979;
Scheper, 197%; Merks et al., 1989; Table 3). Use of panels, however, can give rise
to problems due to environmental factors or to the fact that levels are hard to keep
constant (Pedersen, 1979).

Mean values for Warner-Bratzler shearforce range from 26.2 to 40.7 N for
recent studies (Malmfors and Nilsson, 1979; Scheper, 1979; Merks et al., 1989).
However, Stumpe (1989} found a mean Warner-Bratzler shearforce of 56.0 N.
Jensen et al. (1967) and Arganosa et al. (1969) found shearforce values from 18.5
to 26.0 N. Standard deviations range from 4 to 9 N.

When considering to use the Warner-Bratzler shearforce value as a measure
of meat tenderness, it is necessary to know the correlations between those two
traits. Absolute correlations between Warner-Bratzler shearforce and taste panel
scores found in literature vary from 0.27 to 0.78 (Stumpe, 1989). Low repeatability
of taste panel judgements may be a reason for a low correlation between shearforce
and panel tenderness scores. However, repeatabilities for taste panel and
shearforce are scarce in literature but are given by Stumpe (1989). She found a
repeatability for Warner-Bratzler shearforce of 0.42 and for tenderness assessed by
taate panel of 0.55.

pH

In their review Bendall and Swatland (1988) surveyed mean pH-value 45
minutes after slaughtering (pH,,) and mean ultimate pH-values (pH,). The pH,
ranged from 5.56 to 6.62 and the pH, ranged from 5.41 to 6.15 (Table 3). The
overall mean pH, in M. longissimus and M. semimembranosus is 5.52 with a range
of +0.12 when omitting data from England, Ireland and Canada, which had a pH,-
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value of 5.81 with a range of +0.08. It is not clear whether those differences have
a biological basis or whether they are caused by differences in the methods used to
measure pH, but that the latter is most likely (Bendall and Swatland, 1988).

In general, pig meat pH is measured by using an glass electrode, but new solid-
state pH electrodes are being developed. Although Bendall and Swatland give a
long list of potential sources of error in the measurement of muscle pH,
repeatabilities for pH-measurements are not found in literature.

GENETIC PARAMETERS
Heritabilities

Heritability estimates of meat quality traits are given graphically (Figure 1)
and overall mean heritabilities are given in Table 3. Heritability estimates for meat
colour are reviewed by Sellier (1988) and Matagsing (1988). There were no
differences for heritability estimates between the different colour measuring
methods. When heritabilities for meat colour are compared by breed, only small
differences can be found. Mean heritability for meat colour for Landrace is 0.35
and for Yorkshire and Large White 0.30. Overall heritability averaged 0.30.

Heritability estimates of the amount of intramuscular fat are reviewed by
Sellier (1988) and Schwirer et al. (1990) and ranged from 0.26 to 0.86. Overall
heritability averaged 0.50. These estimates show the possibility of preventing a
decline of intramuscular fat by including the amount of intramuscular fat in a
selection program.

The heritabilities for water-holding capacity show a large range from 0.00 to
0.63, probably due to the different methods used to measure the trait. However,
clear differences between the methods were not found. Because of the different
measuring methods it is also difficult to compare heritabilities across breeds.
Heritability for Landrace pigs seem to be lower than those for Large White or
Yorkshire. This was also concluded by Sellier (1988). Average heritability for
water-holding capacity was about 0.20.

Heritabilities for tenderness assessed by shearforce measurement and
tenderness assessed by taste panels vary from 0.21 to 0.37. No differences can be
found between breeds nor between shearforce and panel results.

Heritabilities of pH,; and pH, were reviewed by Sellier (1988) and Matassino
(1988). Heritabilities averaged 0.18 for pH,; and 0.22 for pH,. Heritabilities
reviewed here average 0.30 for pH,; and 0.20 for pH,. Only small differences are
found between breeds. Mean heritability was 0.25 for Landrace pigs and 0.20 for
Large White and Yorkshire pigs.
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Genetic and Phenotypic Correlations with Production Traits

Genetic correlations between production traits and quality traits are reviewed
by Sellier (1988) and Schwirer et al. (1990).

Figure 2 shows large ranges for genetic correlations between technological meat
quality traits and production traits. The absolute value of the correlation depend
on breed or population (Sellier, 1988}). According to Sellier (1988), the genetic
antagonism between production and meat quality tends to be stronger if:

- the production parameter is more related to muscular development;

- the meat quality parameter is an indicator for PSE-meat (pH,., meat colour,
drip loss); and

- the halothane-sensitivity gene is segregating in the population.

heritability

1.00

0.50 +4

0'00 L | + | }
COLOUR INTMF WHC TENDER PH

Figure 1. Heritability estimates for meat colour (COLOUR), amount of
intramuscular fat INTMF), water-holding capacity (WHC), tenderness
(TENDER) en pH (PH)".

U References: Jensen et al., 1967; Arganosa et al, 1969; Lundstrém,
1975; McGloughlin and McLoughlin, 1975; Malmfors and Nilsson, 1979;
Pedersen, 1979; Scheper, 1979; Lundeheim et al., 1980; Schworer et al.,
1980; Ollivier et al., 1981; Ollivier, 1983; Sonnichsen et al., 1984 Busse and
Groeneveld, 1986; Johansson, 1987; Johansson et al., 1987; Schworer et al,,
1987; Cole et al., 1988; Bout et al.,, 1989; Ianssen and Sehested, 1989;
Cameron, 1990.
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When these conditions are met, genetic antagonism between production traits and
meat quality traits can become very pronounced. This may be reason for the high
negative genetic correlation between water-holding capacity and daily gain (-.80) or
percentage premium cuts (-.72) for Swiss Landrace (Schworer et al., 1980).
Genetic correlations between daily gain and meat quality parameters show a
large range (Figure 2). Mean genetic correlations are zero or slightly negative,
except for the correlation with amount of intramuscular fat. Genetic correlations
between daily gain and amount of intramuscular fat for animals fed ad libitum
range from 0.14 to 0.61. No genetic correlations between daily gain and amount
of intramuscular fat are available for restricted fed animals. Ranges for the

cnetic correlation
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Figure 2. Genetic correlations between production traits and meat colour (C),
amount of intramuscular fat (I), water-holding capacity (W), tenderness
(T) and ultimate pH (P)".

U References: Jensen et al., 1967; Arganosa et al, 1969; Lundstrém, 1975;
McGloughlin and McLoughlin, 1975; Malmfors and Nilsson, 1979; Pedersen,
1979; Lundeheim et al., 1980; Schworer et al., 1980; Ollivier, 1983;
Sonnichsen et al., 1984" Busse and Groeneveld, 1986; Johansson, 1987;
Johansson et al., 1987; Schwérer et al., 1987; Cole et al., 1988; Bout et al,,
1989; Tanssen and Sehested, 1989; Cameron, 1990,
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phenotypic correlations are smaller then for genetic correlations and all phenotypic
correlations are near zero (Figure 3). Phenotypic correlations between daily gain
and amount of intramuscular fat range from 0.07 to -.05 for ad libitum fed animals,
for restricted fed animals from 0.06 to -.52.

Genetic correlations between backfat thickness and meat quality parameters
(Figure 2) show considerable variation, but generally thicker backfat is related to
better meat quality. The genetic correlation between backfat thickness and water-
holding capacity shows the largest range. Reasons for this may be the different
methods to measure water-holding capacity and other arguments as discussed by
Sellier (1988). Mean genetic correlations are between 0.1 and 0.3. Phenotypic

phenotypic correlation
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Figure 3. Phenotypic correlations between production traits and meat colour (C),
amount of intramuscular fat (I}, water-holding capacity (W), tenderness
(T) and ultimate pH (P)V.

D References: Jensen et al, 1967; Arganosa et al, 1969; Lundstrom, 1975;
Malmfors and Nilsson, 1979; Pedersen, 1979; Lundeheim et al., 1980;
Schworer et al., 1980; Sonnichsen et al., 1984°; Busse and Groeneveld, 1986;
Fjelkner-Modig and Persson, 1986; Johansson, 1987; Johansson et al., 1987,
Schwérer et al, 1987; Bout et al, 1989; Ianssen and Sehested, 1989;
Cameron, 1990.



Breeding for Pig Meat Quality - a Review 23

correlations between backfat thickness and meat quality show a much smaller
range than genetic correlations (Figure 3), but generally phenotypic correlations
between backfat thickness and meat quality are slightly positive.

Genetic (Figure 2) and phenotypic (Figure 3) correlations between lean meat
content and meat quality are negative in general and contrary to those hetween
backfat thickness and meat quality.

Only a few studies give correlations between feed conversion ratio and meat
quality (McGloughlin and McLouglin, 1975; Pedersen, 1979; Ollivier et al,, 1981,
Andersen and Vestergaard, 1984; Busse and Groeneveld, 1986; Johansson et al.,
1987; Ianssen and Sehested, 1989). Genetic and phenotypic correlations between
feed conversion ratio and meat quality are unfavourable in general. Genetic
correlations average about 0.10 and range from -34 to 0.36. Phenotypic
correlations average about 0.05 and range from -.14 to 0.15.

HETEROSIS

Because of the use of crossbreeding in pig breeding programa, it is important
to have knowledge about possible heterosis effects on meat quality traits. For most
meat quality traits and for most breed combinations, however, it hag been shown
that they are additively inherited (Sellier, 1987). As stated by Sellier (1987) this
assumption does not hold for:

-  pH, and other PSE-traits in crosses with Pietrain;
- pH, and traits influenced by ultimate pH in crosses with Hampshire.

Crosses between Pietrain and stresg-resistant breeds are closer to the stress-
resistant breed for pH, and for denaturation of sarcoplasmic and myofibrillar
proteins (protein solubility is regarded as one of the best criteria for PSE
evaluation). However, results for meat colour were somewhat less consistent
(Sellier, 1987).

Looking at Hampshire crosses, the acid meat condition often exhibited by the
Hampshire breed seems to be inherited in a more or less dominant way (Sellier,
1987). By assuming that the acid meat condition is due to the EN'-gene this
dominant inheritance is explained. Evidence for this assumption is given by Le Roy
et al. (1990).

No estimates of the effects of heterosis on the amount of intramuscular fat are
found in literature. Breed crosses seem to be more or less intermediate between
parental breeds in the amount of intramuscular fat, so that additive inheritance can
be assumed (Schworer et al,, 1989). However, Sellier (1988) stated that the effect
of heterosis on the amount of intramuscular fat could be slightly negative which
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was based on results of McGloughlin et al. (1988) and Barton-Gade (1987).

DISCUSSION

A recapitulation ig given of some of the subjects that are reviewed (Table 3).
There are five main points of interest for meat quality: meat colour, amount of
intramuscular fat, water-holding capacity, tenderness and pH. Several methods are
available to measure each of them. Repeatabilities are not known for all of them,
however, which makes it difficult to compare the several methods. Some
information is known about relations between the several methods to measure the
amount of intramuscular fat (Schworer et al., 1987, Van der Wal et al., 1991), to
measure water-holding capacity (Lundstrom and Malmfors, 1985; Kauffman et al.,
1986) and tenderness (e.g. Stumpe, 1989).

Heritability of meat quality traits are moderate to high, ranging from 0.20 for
water-holding capacity to 0.50 for amount of intramuscular fat. The ranges for
heritability found in literature stress the need to estimate heritability of meat
quality in the population under consideration. The same is true for the genetic
correlations between production parameters and meat quality traits,

Possible reasons for the large ranges of the heritabilities and genetic
correlations found are difficult to find. The first reason may be the relatively smail
data sets used to estimate genetic parameters, resulting in estimates with large
standard errors. Another reason may be the role of the halothane gene as
suggested by Brascamp et al. (1980). They theoretically deduced that over 60% of
the genetic variance of meat quality was due to presence of the n-locus. But when
heritabilities for the Landrace are compared with those for Yorkshire or Large
White only small differences can be found. This may be an indication that selecting
against the halothane gene will have only a minor influence on heritabilities of
meat quality parameters. Brascamp et al. (1980) concluded that the Hal-locus can
cause differences, but genetic correlations between production traits and meat
quality will be unfavourable for both halothane-susceptible and halothane-resistant
populations. In the studies reviewed here, no clear differences in genetic
correlations can be found between Landrace and Yorkshire or Large White.
Another possible factor of influence is the feeding regime. No clear differences can
be found between ad libitum fed animals and restrictedly fed animals, however, for
heritabilities of meat quality traits or correlations between production traits and
meat quality traits.

Presently, main emphasis of pig breeding programs is put on increasing growth
rate and lean meat content and on decreasing backfat thickness and feed conversion
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ratio. Based on genetic correlations between the production traits and meat quality
as reviewed before, it may be concluded that meat quality will decrease if no
attention is paid to meat quality in the future.

Economic values for the traits of interest are necessary for breeding for meat
quality. Economic values currently used for meat quality traits result in a
restriction of meat quality at the present level or give a slight improvement (Russo,
1988). However, estimates for true economic values are not available. Table 3
indicates the user of interest for each meat quality trait. This may be a starting
point for research to the economic values of meat quality.

Another point that may need more research is non-linearity of economic values
of meat quality traits and how to include meat quality in pig breeding programs.
Amount of intramuscular fat and pH are traits with optimum values, but meat
colour and tenderness may be optimum traits as well. When economic values are
used for meat quality traits, it will be necessary to include them in a selection index
in such a way that, when the optimum is reached, the trait is kept consgtant.
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