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SUMMARY

The meat production traits treated here may be subdivided into the categories of 
reproductive and production performance. For both the use and development of 
special sire lines, complementary population differences are important. Crossbred 
sires compared to purebreds have no influence on maternal productivity but have a 
favourable effect on conception rate. For the various production performance 
traits, special combination effects are most important. In the event of selection 
solely for production performance, special attention must be paid to stress 
resistance and meat quality traits. Given consistent selection of halothane 
negative animals within the dam line, halothane positive sire line boars may be 
used.

INTRODUCTION

The traits involved in meat production can be divided into two groups:
1. those concerning reproductive performance of the dam and
2. those representing growth and carcass characteristics in the progeny.
The compilation in Table 1 presents the economic coefficients for pig breeding 
under the conditions prevalent in the Federal Republic of Germany.

Table 1: Relative economic importance of objective criteria in West German pig
breeding (BOckenhoff et al, 1977)

Objective criteria DM per 
unit

DM per standard 
deviation:
Phenotypic Genetic

Number of units 
with equal 
economic weight

Production performance
Daily gain (g) .05 3.00 1.50 220 g
Feed conversion (kg) 48.00 10.95 6.48 .23 kg
Lean cuts (%) 11.00 26.09 16.50 1 %
Lean meat (%) 8.50 20.40 12.75 -

Meat colour (Gflfo) 2.50 27.39 15.00 4.4 units
Losses (%) 2.50 - - -

Reproductive performance
No. of weaned piglets 7.50 16.58 5.25 1.47 piglets
Lifetime of sows 2.00-4.00 - - -

Lifetime of boars 0.20-1.00

Thus in addition to high daily gains and viability , pigs are above all
required to have an optimal feed efficiency, the highest meat percentage possible, 
as well as good meat quality. The availability of piglets is the basis for this 
sort of meat production and requires a large number of weaned piglets per sow per 
year. The phenotypic importance of the various performance traits shows that
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percentage of lean cuts, meat quality, and the number of weaned piglets are of 
approximately equal importance for operational success in pig production. In 
contrast, variations in feed efficiency have only half as much effect on profits. 
In terms of a genetic standard deviation, similar ratios can be achieved. The 
genetic parameters shown in Table 2 should point out problems involving antagon
istic traits.

Table 2: Genetic parameters for performance traits of pigs

Traits Standard h2 Correlations *
Deviation 1 2 3 4 5

(1) Daily gain (g) 30 .25 - -.50 -.10 -.05 0
(2) Feed conversion (kg) .135 .35 -.50 . 10 . 10 0
(3) Lean cuts (%) 1.5 .40 -.20 .10 - .25 0
(4) Meat colour (G8fo) 6 .30 -.10 .20 -.30 - 0
(5) No. of piglets weaned 7 .10 0 0 -.10 0

Sources: Fewson (1979), Kalm (1978)
* Phenotypic above the diagonal, genetic below

Lean meat percentage is negatively correlated with meat quality and with 
number of piglets weaned. Furthermore, a maximal meat percentage would prove 
difficult to combine with high daily gains. Crossbreeding procedures that use 
specialised dam and sire lines could perhaps do justice to the differential 
performance demands in the production sphere. In this connection, the 'comple
mentary population differences' or position effects as described by Moav (1966), 
Dickerson (1969, 1970, 1973 and 1974) and Sellier (1976) , among others, could 
gain in importance. Negative correlations between production and reproductive 
performances increase the importance of complementary population differences.

POPULATION COMPARISONS

Complementary population differences are only of importance for breeding for 
those traits that are negatively effected by direct and maternal components.
Thus breeding lines with a very high production performance but poor reproductive 
performance can be used as sire lines in a crossbreeding system, without nega
tively effecting productivity levels. This assumes that dam lines with good 
maternal reproductive performance are available. Correct recording of the 
performance traits of various breeding lines requires that corresponding selection 
experiments under comparable environmental conditions have been undertaken. 
Experiments of this nature with a sufficient number of animals are not available 
for the Federal Republic of Germany. In Table 3 below, the results of the 
breeding, fattening and slaughter performance tests for 1983 have been compiled 
from the ADS Annual Report (1984).
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Table 3: Reproductive performance, growth and carcass characteristics of
different pig breeds in West Germany (ADS, 1984)

Dam Lines Sire Lines
Traits German German Belgian

Yorkshire Landrace Landrace Pietrairi
(DE) (d l ) (LB) (PI)

Reproductive performance
No. of litters 1811 52505 6822 12475
Piglets born 11.0 10.3 9.9 10.1
Piglets weaned 10.0 9.5 9.1 9.2
Interval between litter 175 179 183 181

Production performance
No. of animals 407 11366 1817 3808
Daily gain (30-100kg) (g) 851 818 760 726
Feed conversion (kg) 2.58 2.68 2.65 2.63
Losses during testing (%) 0.7 6.8 9.2 9.0
Carcass length (cm) 97.1 98.1 93.5 90.5
'Eye' muscle area (cm2) 41.3 47.2 53.8 53.8
Lean-fat ratio (1:) .42 .38 .30 .25
Ham weight (kg) 12.36 12.69 13.32 13.35
Ham proportions (%) 31.8 32.5 33.7 33.9
Meat colour (Gfifo) 67 56 53 51
Expected PSE* pH}<5.8 (%) 6 64 72 89

* PSE = pale, soft exudative

The German Yorkshires exhibit high productivity, by far the best fattening 
performance, the lowest loss during test periods, and the best meat quality, 
although they also provide considerably lower meat and ham percentages.
According to this performance profile, the breed should be characterised as a dam 
line. Pietrains possess complementary performance traits. The extremely high 
meat and ham percentage must be weighed against the markedly lower meat quality 
(colour). Up to 90% of PSE quality meat is produced with the greatest loss and 
lowest daily gain. The reproductive performance for the sire line is completely 
satisfactory. The production performance of slaughter pigs can be improved with 
special sire lines. As an example, the results of the 2nd Commercial Pig 
Evaluation by 'Haus Dtlsse' (1980) are listed in Table 4.

Here purebreds, single and three-breed crosses, and commercial breeding 
•programmes were tested. Primarily the Pietrain breed and Belgian Landrace were 
used as terminal sires.

The following discussion will attempt to demonstrate the effects that pure
breds and crossbreds have on reproductive and production performance.
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Table 4: Production of performance results of the commercial pig evaluation
(2nd test conducted by 'Haus Dtlsse in 1980; Hottelmann, 1982).

Crossbreeding programs
Traits Purebreds

DL PIxDL
Crossbreds 

PIx(DExDL)
with
PRO

terminal
PIG

sires*
BHZP

Daily gain (g) 735 701 732 638 751 753
Feed conversion (kg) 3.04 2.97 2.92 3.15 2.99 2.98
Lean meat (%) 52.2 53.2 51.7 53.2 50.9 50.1
Meat colour (Gttfo) 52 52 56 54 63 62
PSEf=pHi<5.8 (%) 80 84 59 78 31 6
Halothane positive (%) 81 78 28 72 9 3
Losses (%) 9.0 3.3 4.2 10.7 4.1 0

*PRO - Procolite - Proco Tierzucht 
PIG - German Pig Improvement 
BHZP - Bundeshybridzuchtprogramm 

fpale, soft, exudative

REPRODUCTIVE PERFORMANCE

The terminal boar should possess sufficient willingness to mount as well as 
high quality sperm to ensure that a reliable conception rate can be achieved. 
Furthermore, it should be capable of transmitting to the slaughter generation the 
highest possible lean meat percentage with acceptable meat quality and a good 
fattening performance. The boar's genetic disposition in terms of maternal 
fertility is unimportant.

The litter size, one of the most important traits in the pig production, is 
a complex trait determined primarily by the sow's attributes, ie. ovulation rates, 
pre- and post-implantation and embryonic losses. Nevertheless, the importance of 
the boar should not be underestimated. In this connection, the studies by 
Wilson et al (1977), Johnson (1981), Buchanan et al (1984) and Gaugler et al 
(1984) all indicate the positive influences that the purebred boar may have on a 
given litter's success, ie. the litter size, litter weight and survival rate, and 
yet the results have so far only been able to document tendencies in this direct
ion. This means that when using purebred terminal sires, the maternal components 
must be seen as the decisive factor.

The extent to which heterosis can increase the boar's reproductive perform
ance is described below. The superiority of crossbred to purebred boars can be 
determined by examining the former's morphological and physiological reproductive 
traits. These lead to a better and above all more rapid conception rate for the 
dam, although without a greater litter performance.

Thus, Wilson et al (1977) have demonstrated that in comparison to the 
corresponding purebred sires, crossbred sires of the Duroc and Hampshire breed 
have significantly heavier testes, and in addition their libido and mating 
behaviour are judged more favourably. For testis length and width Neely et al 
(1980) estimated heterosis effects of 2.5% and 8% respectively for Dttroc and 
Yorkshire crosses. For the total number of sperm or number of sperms per gram of
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testis, heterosis effects of 14.4% and 15.1% respectively were noted. According 
to Conlon and Kennedy (1978) , by using Duroc and Hampshire crossbred sires the 
ejaculation volume can be greatly improved showing heterosis of 229%.

The superior sperm quality for crossbred sires enables more favourable 
conception results to be achieved. The study by Buchanan and Johnson (1984) 
revealed a 17.9% improved first service conception rate with 0.11 fewer services 
per conception for crossbred sires so that an earlier conception for gilts and a 
shorter farrowing interval may be expected. Wilson and Johnson (1981) had also 
come up with these results. In using crossbred sires, Fahmy and Holtman (1977) 
see an advantage only in the fact that economically valuable performance attri
butes of a less fertile sire line can be utilised. Glodek (1978) emphasises the 
considerable vitality of crossbred sires and draws attention in particular to the 
commercial aspects that speak for the use of crossbred boars. Generally, however, 
the advantages of crossbred sires for reproductive performance would probably not 
be supported by an economic cost benefit analysis.

PRODUCTION PERFORMANCE

Issues involving the use of purebred or crossbred sires in breeding efforts 
to exploit special combination attributes have been dealt with in articles by 
Rempel et al (1964), Scholte et al (1975), Lishman et al (1975), Fahmy and 
Holtman (1977), Wilson (1977), Glodek (1978), Kennedy and Conlon (1978) and 
Schneider et al (1982).

Lishman et al (1975) compared the production performance of the progeny of 
purebred sires of the Large White (LW) and Landrace (L) breeds with those of 
crossbred sires of the L x LW, Hampshire (H) x Landrace as well as LW x L and 
H x LW (Table 5).

Table 5: Performance and carcass characteristics (Lishman et al, 1975)

Breeding of Sire Purebred 
L or LW

White-cross 
LWxL or LxLW

Hampshire-cross 
HxLW or HxL

No. of pigs 75 70 72
Initial live weight (kg) 40.0 40.0 40.2
Final live weight (kg) 90.0 90.3 90.1
Daily live-weight gain 
Feed conversion ratio

(kg) .66 .66 .67

(kg meal/kg gain) 3.72 3.64 3.69
Cold carcass weight (kg) 65.6 66.0 66.0
Killing out percentage 72.9 73.1 73.3
Length of carcass (mm) 822.6 a)* 819.4 a) 803.0 b)
Fat over 'eye1 muscle - C (mm) 18.5 a) 19.8 b) 18.4 a)
'Eye' muscle area (cm2 ) 31.3 a) 29.8 b) 32.0 a)

* Mean values followed by different letters differ significantly (p<0.05)

The only significant differences in the progeny performance appeared in the 
'eye' muscle area and in the fat over the 'eye' muscle area, differences which 
favoured the H-crosses.
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The Hampshire-cross animals, however, had a lesser carcass length. In the 
progeny of crossbred sires (Minnesota Lines), Rempel et al (1964) found lower 
daily gains and less backfat thickness in comparison with purebred sires.
Schlote et al (1975) had similar results to report. In a comparison between pure
bred and crossbred sires, Fahmy and Holtman (1977) concluded that the difference 
between the average performance (ie. growth, carcass quality) of the progeny of 
crossbred sires (Landrace x Yorkshire, Duroc x Yorkshire, Duroc x Lacombe) and 
those of the parent lines (Y, L, La, Du) is insignificant. Wilson (1977) was 
likewise unable to show significant differences in the progeny performance between 
the different sires. Glodek (1978) compares purebred and crossbred sires in a 
testing programme, and in the economic comparison differences could not be deter
mined.

Schlote et al (1975), among others, draws special attention to special combin
ing effects. The sire lines especially, given a special selection for production 
performance, could improve economic efficiency in slaughter pig production (TaHe6).

Table 6: Comparison of various crosses from Baden-Wdrttemberg in terms of
individual traits and total value (Schlote et al, 1975)

Crosses No. of No. of No. of Net Meat/ G8fo Hkl- Overall
litters weaned- animals daily Fat value code* index

piqlets gain Ratio (units) + DM/
per (gm) animal
litter
(AF) (NZ) (V) (G) (HKL) It

L 46 8.83 182 392 0.70 60.4 1.71 +0
L xYL 53 10.39 258 399 0.69 61.9 1.86 +12.95
Y xYL 29 10.30 160 398 0.69 64.7 2.00 +13.75
c xYL 31 9.01 165 423 0.84 66.2 2.18 + 1.13
H xYL 38 11.67 271 412 0.68 62.4 2.10 +24.56
PI xYL 46 10.42 303 401 0.61 59.0 1.47 +16.97
HPIxYL 16 10.50 121 421 0.64 58.7 1.70 +18.96
B xYL 21 10.40 151 404 0.64 57.9 1.66 +14.77

L = German Landrace, Y = Large White, C — Lacombe, H — Hampshire, PI — Pietrain,
B = Belgian Landrace
f = 6.5 iff + 0.18NZ - 65V + 0.6 G: economic value index
* Carcass grade

Thus, the sire lines Hampshire (H), Pietrain (PI), H x PI achieved marked 
advantages. For sire lines this means that their suitability for special combin
ations is most important and that the negative effects on meat quality should be 
avoided.

MEAT QUALITY AND STRESS RESISTANCE

The halothane test has established itself as a means of reducing meat 
quality problems in slaughter pigs. According to Minkema et al (1977) , homozy
gous halothane positive (nn) terminal sire lines should be developed and used. 
When mating these lines with homozygous halothane negative (NN) dam lines, a 
heterozygote (Nn) slaughter pig should result, profiting on the one hand from
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the stress resistance and good meat quality on the dam side, and on the other 
hand from the better carcass quality and leanness on the sire side.

The following table indicates the percentages of halothane-positive animals 
in several populations of Belgian Landrace and Pietrain.

Table 7: Percentage of halothane-positive animals in various sire populations

Breed % halothane- 
positive

No. of 
animals

Authors

Belgian Landrace
France 84 144 Guerin et al (1980)
Germany 75 155 Petri et al (1979)
Germany 80 449 SBnnichsen et al (1980)

Pietrain
Belgium - & 

- 9
88.5
93

404
404

Hanset et al (1983)

Germany 65 90 Petri et al (1979)
Germany 87 266 SBnnichsen et al (1980)

The percentage of positive animals varies from 65% to 93% between these pop- 
ulations. Although numerous studies have shown significant performance differ
ences in the performance traits between halothane positive and halothane negative 
pigs (Webb and Jordan, 1978; Schmidt, 1980,- SBnnichsen et al, 1980; SchwBrer, 
1982; Eikelenboom et al, 1978), this effect of the halothane gene appears to vary 
between breeds. Thus, Schepers (1977) - for Belgian Landrace - and Hanset et al 
(1983) — for Pietrains could not detect any significant differences between the 
reaction groups. Hanset et al (1983) have shown that performance differences 
between the halothane phenotypes are dependent on the gene frequency and 
penetrance of the halothane gene, and that the differences between the phenotypes 
become smaller the higher the frequency of gene HALn is. In a model calculation, 
Webb (1985) compares the economic advantage of slaughter pigs that, instead of 
of being bred from .a typical cross in the United Kingdom, ie. LWx(LWxLR) with 
low halothane susceptibility, are the product of a mating between homozygous 
positive (nn) slaughter boars and homozgyous negative (NN) crossbred dams.
Taking into account the additional costs arising from the selection in the sire 
line, an advantage of £200 million per year in favour of the 100% heterozygous 
pigs may be calcuated on the basis of 16 million slaughter pigs in the United 
Kingdom.

Further research is required in order to be able to decide whether the use 
of homozygous halothane-positive sire lines is of any real economic benefit.
Given the market situation in the Federal Republic of Germany, the use of these 
sorts of sire lines has already been established. Table 9 shows the results of 
the 3rd Commercial Product Test in 1985. Although the two breeding programmes 
use different crossbred boars, these nevertheless exert a postive influence on 
the overall economic efficiency, the dam lines being halothane negative. As for 
the other crosses, no systematic selection for the halothane gene has to date 
taken place, so that these may be considered
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Table 8: Approximate calculation of economic benefit of changing from a Large
White x (Large White x Landrace) backcross to a heterozygous (Nn) 
slaughter generation produced by mating a nn terminal sire to a KN Fj 
Large White x Landrace dam (Webb et al, 1985)

Breed of Cross Number
(000)

Present 
£ per 
pig

Total £ 
(000)

Number
(000)

Future 
£ per 
pig

Total £ 
(000)

Large White (LW) 30 0.13 3.9 30 0.00 0.0
Landrace (LR) 30 0.17 5.2 30 0.00 0.0
Fi (LWxLR) 800 0.28 224.0 800 0.00 0.0
Terminal sire (TS) 0 - - 50 -3.90 -19.5
Slaughter gener. 
Less selection

16000 0.21 3280 16000 1.70 27000

costs for TS - - - 16 -200.0 -3200
Total benefit “ “ 3513 —

"
23805

Table 9: Results of Commercial 
III. Warentest 'Haus

Pig Evaluation in Germany 
Dflsse', 1985 (Hottelmann et al, 1985)

Hybrid-Programme 
BHZP PIG 
Crossb. Crossb. 
Boars Boars

PI or LBx 
(DuxDL)

PI X 
(DExDL)

LB x 
(DExDL)

(HxPI)
xDL

Daily gain (g) 795 777 773 743 760 769
Feed conversion (kg) 2.81 2.85 2.87 2.89 2.87 2.86
Losses (%) 2 1 2 6 3 4
Lean:fat Ratio (1:) .45 .50 .45 .40 .48 .43
Lean meat (%) 51.8 50.3 51.7 53.2 50.6 52.0
Meat colour (Gfifo) 64 66 62 59 59 59
PSE ^ < 5 . 8 0 ) (%) 6 8 26 29 38 31
Halothane +ve (%) 15 20 31 35 33 43

economic value 
+DM/fattening pig 
deviation from 
the overall mean

11.33 7.16 6.29 CDOCN1 -9.78 -3.90

CONCLUSIONS

As far as the maternal reproductive performance is concerned, crossbred 
boars do not shown any significant influence when compared to purebred boars, 
except in conception rate. Crossbred boars do possess advantages in terms of 
general vitality and may therefore be judged more favourably by pig breeders
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- Effects on production performance are very dependent on the breed's special 
combining ability and therefore also on the position effects. As far as the 
effects on slaughter pigs are concerned, there is no difference between pure
bred and crossbred sires.

- For improving stress resistance and meat quality, halothane negative dam lines 
and halothane positive sire lines should be crossed. A crossbred sire can 
prove to be advantageous here.
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