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Abstract

Rate of growth and feed conversion during the fattening period were studied in relation to carcass
meatiness and fatness traits such as fat area over loin eye, loin eye area, fat to muscle ratio, carcass
meat percentage, mean backfat thickness from 5 measurements, backfat thickness over shoulder,
and backfat thickness over loin eye. The present study showed a low relationship between the ana-
lysed fattening traits and carcass slaughter parameters, with low coefficients of correlation. Breed-
ing programmes aimed at improving growth rate and increasing feed conversion (kg feed/kg gain)
may lead to decreased meat content and increased carcass fatness. Compared to Polish Landrace
pigs, Polish Large White pigs are characterized by greater variation of carcass meatiness and fat-
ness traits.
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Market analysis reveals that consumers prefer carcass components characterized
by optimum muscling, low fatness and good quality of meat (Blicharski et al., 2003).
Therefore, when selecting pigs for improved meatiness, attention should be given to
the meatiness of most valuable cuts in addition to carcass meat percentage. This holds
in particular for loin and ham, which form a considerable part of pork carcass (Virgili
et al., 2003). The fat and meat content of carcass cuts and the ratios between these tis-
sues determine whether they are technologically suitable for processing or can be sold
in raw form (Blicharski et al., 2004). This translates into the economic aspect of pro-
duction as it determines the price for which a fattener can be sold. Fatness of carcass
and carcass cuts may also provide information on meat quality. Sonesson et al. (1998)
and Orzechowska (2005) report that selecting for decreased subcutaneous fat while
maintaining appropriate levels of intramuscular fat give better results than selecting
for increased carcass meat percentage because good quality meat is maintained and
meatiness increased. If too low, fatness of carcass cuts is related to poorer taste re-
sulting from reduced content of intramuscular fat in the cuts (Faucitano et al., 2003).
Fattening performance is the second important factor contributing to improvement of
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the pig population. Fattening traits include rate of growth (expressed as daily weight
gains) and feed conversion ratio (kg feed/kg gain). These traits are directly related
to fattening economics, because pig feeding costs account for around 2/3 of the total
costs of fattener production. Daily gains are a trait included in both live and postmor-
tem evaluation of pigs. There are some opinions in the literature that both daily gains
and feed intake are antagonistic to carcass meatiness (Cameron and Curran, 1995).
These views suggest that breeding programmes aimed at improving meatiness may
negatively affect fattening parameters.

Considering the fact that both carcass slaughter parameters and fattening perform-
ance are related to profitability of live pig production, this study was undertaken to de-
termine if growth rate and feed conversion ratio during the fattening period are related
to carcass meatiness and fatness traits. Slaughter parameters that can be determined
without detailed carcass dissection were analysed.

Material and methods

The study was conducted at the Pig Testing Station of the National Research In-
stitute of Animal Production using 113 Polish Large White (PLW) and 120 Polish
Landrace (PL) gilts. Animals were raised and fed in accordance with regulations es-
tablished by Polish pig testing stations (Rozycki, 1995). Pigs were slaughtered at the
end of control fattening, which according to the methodology described above takes
place at 100 kg body weight. After 24-hour cooling of carcasses at 4°C, backfat thick-
ness on the back was determined in 5 points — over shoulder, over cross-section of
loin muscle, and over the loin (3 measurements). Left half-carcasses were then cut
according to the EU reference dissection method (Walstra and Merkus, 1995). Loin
cross-section was photographed at the cross-section between the last thoracic vertebra
and the first lumbar vertebra. Loin eye area and fat over loin eye were calculated by
planimetering the photographs using PlaniMeat software. The fat to muscle ratio was
calculated based on the formula used in German pig testing stations (G6tz, 2000):

Fat area over loin eye

Loin eye area

The following slaughter parameters were analysed:
— fat area over loin eye,
— loin eye area,
— fat to muscle ratio,
— carcass meat percentage ,
—mean backfat thickness from 5 measurements,
— backfat thickness over shoulder,
— backfat thickness over loin eye.
Animals were divided into groups according to the level of particular fattening
parameters. As regards the rate of growth, animals were assigned to 3 groups accord-
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ing to daily gains during control fattening: over 950 g (group 1), from 800 to 950 g
(group 2) and below 800 g (group 3). Another 3 groups were formed according to feed
conversion ratio (kg feed/kg gain): over 3.2 kg (group 1), from 2.8 to 3.2 kg (group 2)
and below 2.8 kg (group 3).

The results obtained were analysed statistically using the SAS package. Differ-
ences between groups within breeds and between breeds within groups were analysed
using Duncan’s multiple range test.

Results

Table 1 shows data for animals of the different breeds studied. They show that
Polish Large White pigs were characterized by greater fatness, with highly significant
differences found only for backfat thickness over shoulder. A highly significant dif-
ference was also found for the meat content of the pigs. Compared to Polish Landrace
pigs, Polish Large White pigs showed greater variation for most parameters studied,
as evidenced by the standard deviations.

The effect of different rates of growth on carcass slaughter parameters is pre-
sented in Table 2. Pigs characterized by the highest gains had thickest backfat and
smallest loin cross-section area. The level of weight gains had no significant effect
on the slaughter parameters studied in Polish Large White pigs, while for the Polish
Landrace breed, animals from extreme groups differed highly significantly in mean
backfat thickness. Polish Large White pigs differed highly significantly from Polish
Landrace pigs in loin cross-section area and carcass meatiness (within group 2) and
significantly in backfat thickness over shoulder (within groups 2 and 3).

Table 1. General characteristics of the slaughter parameters analysed in PLW and PL pigs

Trait | n | X | c | Min. | Max.
PLW
Fat area over loin eye (cm?) 16.54 4.58 5.96 30.73
Loin eye area (cm?) 49.74 4.99 36.31 61.17
Fat to muscle ratio 3.30 1.24 1.43 9.52
Carcass meatiness 113 56.61%* 3.11 46.70 63.60
Mean backfat thickness from 5 measurements (cm) 1.56 0.38 0.84 2.76
Backfat thickness over shoulder (cm) 2.74%%* 0.53 1.10 4.60
Backfat thickness over loin eye (cm) 1.15 0.31 0.60 2.30
PL
Fat area over loin eye (cm?) 15.66 3.30 7.81 25.22
Loin eye area (cm?) 51.33 6.67 34.58 69.45
Fat to muscle ratio 3.45 0.96 1.43 6.41
Carcass meatiness 120 57.90%* 2.94 48.10 67.20
Mean backfat thickness from 5 measurements (cm) 1.46 0.30 0.84 2.44
Backfat thickness over shoulder (cm) 2.47%* 0.42 1.30 3.40
Backfat thickness over loin eye (cm) 1.13 0.31 0.50 2.10

** —P<0.01.
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Table 2. Mean values of slaughter parameters in PLW and PL pigs according to daily gains

Daily gain on test

Trait (25-100 kg)
>950g | 800-950g | <800g
PLW
n 11 73 29
Fat area over loin eye (cm?) 17.9244.25 16.80+4.50 15.31+4.78
Loin eye area (cm?) 49.214+4.86 49.89%*£5.05 49.5745.05
Fat to muscle ratio 2.92+0.88 3.20+0.99 3.71£1.78
Carcass meatiness 56.87+2.18 56.41**%+3.30 57.04+2.92
Mean backfat thickness from 5 measurements (cm) 1.56+0.40 1.58+0.38 1.53+0.37
Backfat thickness over shoulder (cm) 2.86+0.54 2.72%+0.54 2.74*%+0.50
Backfat thickness over loin eye (cm) 1.20+0.33 1.15+0.32 1.12+0.30
PL
n 12 86 22
Fat area over loin eye (cm?) 15.83+£2.67 15.80+3.43 15.02+3.13
Loin eye area (cm?) 49.2946.67 51.74%%+6.13 50.89+8.58
Fat to muscle ratio 3.23+0.86 3.46+0.99 3.54+0.94
Carcass meatiness 56.81+1.44 58.05%*%+2.98 57.91£3.34
Mean backfat thickness from 5 measurements (cm) 1.58a+0.31 1.47+0.28 1.35a+0.34
Backfat thickness over shoulder (cm) 2.61+£0.38 2.47%4+0.43 2.41%+0.39
Backfat thickness over loin eye (cm) 1.22+40.34 1.14+0.31 1.04+0.26

* — P<0.05 (between breeds), ** — P<0.01 (between breeds), a — P<0.05 (between groups within breed).

Table 3. Mean values of slaughter parameters in PLW and PL pigs according to feed conversion

Teait Feed conversion (kg feed/kg gain)
>32kg | 2832kg | <28keg
PLW
n 35 62 16
Fat area over loin eye (cm?) 16.07+4.30 16.28+3.95 18.80+6.91
Loin eye area (cm?) 47.95+5.50 50.37*4£5.08  51.46%+4.45
Fat to muscle ratio 3.26+1.21 3.31£1.03 3.32+2.03
Carcass meatiness 56.03a+3.24 57.15a+2.59  55.81*%+4.28
Mean backfat thickness from 5 measurements (cm) 1.60+0.38 1.52+0.33 1.65+0.53
Backfat thickness over shoulder (cm) 2.82%*a+0.49 2.67a+0.50 2.86+0.66
Backfat thickness over loin eye (cm) 1.15+0.30 1.14+0.30 1.18+0.39
PL
n 48 56 16
Fat area over loin eye (cm?) 15.95+3.81 15.63+2.96 14.86+2.68
Loin eye area (cm?) 49.58A+6.25 51.80%+6.94 55.13*A 6.10
Fat to muscle ratio 3.31+0.95 3.47+0.98 3.85+0.88
Carcass meatiness 57.33a+3.32 58.1242.67 58.88*a+2.34
Mean backfat thickness from 5 measurements (cm) 1.46+0.36 1.45+0.26 1.51+0.22
Backfat thickness over shoulder (cm) 2.43%%+0.43 2.47+0.40 2.59+0.44
Backfat thickness over loin eye (cm) 1.11+0.36 1.14+0.29 1.12+0.15

* —P<0.05 (between breeds), ** — P<0.01 (between breeds), a — P<0.05 (within breed), A — P<0.01 (within breed).
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The second fattening trait studied — feed conversion (kg feed/kg gain) — had
a slightly greater effect on carcass slaughter parameters compared to rate of growth
(Table 3). In PLW pigs, feed conversion ratio had a significant effect on carcass meati-
ness and backfat thickness over shoulder, with differences between groups 1 and 2.
PL pigs from groups 1 and 3 differed highly significantly in loin cross-section area
and significantly in carcass meatiness. Analysis of the differences between the breeds
within individual groups showed higher carcass fatness parameters in PLW pigs and
lower muscling parameters compared to PL pigs. In many cases, the statistical analy-
sis confirmed the significant differences.

Coefficients of phenotypic correlation were estimated between daily weight
gains and feed conversion ratio vs. slaughter parameters (Table 4). The correlations
between the analysed fattening and slaughter traits were low. They were statistically
significant only in 4 cases.

Table 4. Coefficients of correlation between fattening traits and slaughter parameters of carcasses

Fat area Fat to Mean backfat | Backfat | Backfat
.| Loin eye Carcass meat | thickness from| thick- | thickness
Parameter over loin muscle .
area . percentage 5 measure- | ness over | over loin
eye ratio
ments shoulder eye
PLW breed
Daily gain 0.15 -0.07 -0.15 -0.07 0.08 0.00 0.11
Feed conversion —0.11 -0.19*  -0.04 -0.06 -0.05 -0.02 —-0.06
PL breed
Daily gain 0.11  -0.06 -0.14 -0.16 0.19* 0.07 0.17
Feed conversion 0.02  -0.33** —-0.08 -0.14 -0.12 -0.18* -0.17
* - P<0.05, ** - P<0.01.
Discussion

The results of our study showed that the level of daily weight gains has a greater
effect on carcass fatness compared to carcass slaughter parameters. The decrease in
growth rate was paralleled by the decrease in fat area over loin eye, the increase in fat
to muscle ratio, and the decrease in backfat thickness over loin eye. This direction of
change was observed in pigs of both breeds studied. In addition, in Polish Landrace
animals the increase in daily weight gains was paralleled by the increase in over-
all carcass fatness expressed as mean backfat thickness measured in 5 carcass areas.
Analysis of the effect of growth rate on carcass meatiness parameters did not show any
clear trends towards improvement or deterioration. Differences between the groups of
animals differing in daily weight gains were non-significant for individual slaughter
parameters except mean backfat thickness from 5 measurements in Polish Landrace
pigs, in which a significant difference was found between the extreme groups.

Today, pig producers and breeders who carry out selection and breeding pro-
grammes in herds give attention to meatiness, which is one of the most important
factors that determine the final price of the pig. It should be remembered, however,
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that carcass meatiness is negatively correlated to the fat content of carcass cuts. Many
authors have indicated that the content of subcutaneous and intermuscular fat is posi-
tively correlated to the content of intramuscular fat. The level of intramuscular fat in
turn has a fundamental effect on sensory parameters of meat and meat products, and
thus on their palatability (Enser, 2004; Orzechowska, 2004; Suzuki et al., 2005). Our
results showed that animals with high weight gains tended to have greater carcass
fatness. It can therefore be concluded that their meat was characterized by a higher
content of intramuscular fat compared to slower growing animals and thus had better
taste. This thesis is supported by the findings of Lyczynski et al. (2001), who observed
statistically significant differences in intramuscular fat content between the groups of
slow- and fast-growing animals, in favour of the animals with higher gains. Another
method to improve meat sensory parameters related to higher content of intramus-
cular fat is to increase the final weight of slaughtered pigs. This relationship was re-
ported by Candek-Potokar et al. (1998). This fattening method makes it longer, which
directly impinges on the second factor that determines fattening economics, namely
feed conversion ratio.

As already mentioned, feeding costs account for over 65% of total costs incurred
on the production of a pig and thus have an essential effect on the economic result of
live pig production. It therefore seems obvious that breeding programmes are aimed
at improving the rate of growth and feed conversion ratio. The investigation of this
trait in our study was inspired by Hoque et al. (2007), who analysed feed conversion
ratio and found that the heritability of this trait is h*= 0.27, which means that this
trait is subject to considerable influence by environmental factors and there is limited
scope for the genetic improvement of this trait. The same authors also reported that
long-term selection aimed at improving daily gains, carcass meat content or loin eye
area has a positive effect on feed conversion ratio. According to the same authors,
selection for feed conversion ratio is expected to improve the fattening and slaughter
traits mentioned above. Considering the findings of Hoque et al. (2007), it was justi-
fied to include feed conversion ratio and analyse the effect of this factor on carcass
slaughter parameters. Analysis of this factor in our study showed more differences
between breeds than within groups of animals differing in feed conversion ratio. The
results obtained tended to be more consistent with the literature for Polish Landrace
compared to Polish Large White pigs. This could be due to the greater variation of the
analysed slaughter parameters in Polish Large White pigs. However, it can be stated
that in the case of animals of both breeds, the effect of feed conversion ratio was more
noticeable for meatiness parameters, i.e. carcass meat percentage and loin eye area.
The increasing was paralleled by increased loin eye area and fat to muscle ratio in
both breeds analysed, and by increased carcass meat percentage in the Polish Land-
race breed. The relationships obtained between feed conversion ratio and slaughter
parameters may indicate that there is limited scope for improving carcass slaughter
parameters through breeding programmes aimed at improving feed conversion ratio.
This is due to low phenotypic correlations between this trait and the slaughter param-
eters observed in our study. Low and negative coefficients of correlation between
fattening traits and carcass meatiness were reported by Cameron and Curran (1995).
This is also supported by the findings of Johnson et al. (1999), who obtained low
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phenotypic correlations between feed:gain ratio and backfat thickness (r, = 0.14) and
between feed:gain ratio and loin eye area (r, = 0.16). According to the same authors,
daily feed intake (feed intake capacity) would be a better indicator for use in breeding
programmes. This trait is characterized by higher heritability compared to feed con-
version ratio. In addition, feed intake capacity is easier to observe in practice com-
pared to feed conversion ratio. It should be noted, however, that efforts to reduce feed
intake by the pigs via genetics may have negative consequences in the form of poorer
parameters of meat quality, such as reduced pH of meat and less intense meat colour,
as indicated by the study of Gilbert et al. (2007). Therefore, improvement of this trait
should especially account for the parameters of meat quality, and meat colour in par-
ticular, because this trait is of special importance to the consumer, especially when
raw meat is sold.

In conclusion, the present results show that the level of fattening traits studied bears
little relationship to carcass slaughter parameters. Because of the low coefficients of
correlation between the fattening traits studied and parameters of carcass muscling
and fatness, there is limited scope for achieving breeding progress in slaughter traits
when selecting for fattening traits. Breeding programmes aimed at improving the rate
of growth and decreasing feed conversion could result in decreased meat content and
increased carcass fatness.

The slaughter parameters studied differ among breeds. Polish Large White pigs are
characterized by greater variation of carcass muscling and fatness traits compared to
Polish Landrace pigs.

References

Blicharski T.,Zak G, Pierzchata M., Eckert R. (2003). Preliminary studies on possibility of
estimating pig belly lean percentage based on slaughter traits measured at a meat plant. Ann. Anim.
Sci., 3,2: 333-344.

Blicharski T.,, Zak G.,Pierzchata M. (2004). Estimating meat quantity and percentage in ham
and loin from pork carcasses at meat plants. Ann. Anim. Sci, 4, 2: 261-268.

Cameron N.D., Curran M.K. (1995). Responses in carcass composition to divergent selection for
components of efficient lean growth rate in pigs. Anim. Sci., 61: 347-359.

Candek-Potokar M., Zlender B.,Lefaucher L., Bonneau M. (1998). Effects of age and/or
weight at slaughter on longissimus dorsi muscle: Biochemical traits and sensory quality in pigs. Meat
Sci., 48: 287-300.

Enser M. (2004). The role of fatty acids in meat flavour. Proc. Brit. Soc. Anim. Sci., pp. 10-13

Faucitiano L.,Rivest J,Daigle J.P.,Levesque J,Gariepy C.(2003). Distribution of intra-
muscular fat content and marbling within the longissimus muscle of pigs. Canad. J. Anim. Sci., 84:
57-61.

Gilbert H, Bidanel J.P.,, Gruand J.,, Caritez J.C., Billon Y., Guillouet P.,, Lagant H.,
Noblet J, Sellier P. (2007). Genetic parameters for residual feed intake in growing pigs with
emphasis on genetic relationships with carcass and meat quality traits. J. Anim. Sci., 5: 3182-3188.

Gotz K.U. (2000). Zuchtwertschitzung. Relative Bedeutung der Leistungsmerkmale. Schweinezucht
und Schweineproduktion. Unterrichts- und Beratungshilfe. Bayerische Landesanstalt fiir Tierzucht,
Grub, p. 127.

Hoque M.A,, Suzuki K., Kadowaki H., Shibata T., Oikawa T. (2007). Genetic parameters
for feed efficiency traits and their relationships with growth and carcass traits in Duroc pigs. J. Anim.
Breed Genet., 124 (3): 108-116.



306 G. Zak et al.

Johnson ZB.,Chewning JJ,Nugent R.A. (1999). Genetic parameters for production traits and
measures of residual feed intake in large white swine. J Anim. Sci., 77: 1679-1685.

Lyczynski A,,Pospiech E,Urbaniak M.,,Rzosinska E.,Bartkowiak Z.,Medynski A.
(2001). The effect of growth rate of hogs on fattening, slaughter traits and meat quality. J. Food Nutr.
3,10/51: 83-86.

Orzechowska B. (2005). Predicted progress in improvement of carcass muscling and cuts with indi-
rect selection based on backfat thickness and loin eye area. Ann. Anim. Sci., 5, 1: 21-28.

Orzechowska B. (2004). Predicted progress in reducing fatness of carcass and cuts during selection
for backfat thickness. Proc. Brit. Soc. Anim. Sci., pp. 83-84.

Rézycki M. (1995). Procedures applied at slaughter performance testing stations. Report on pig breed-
ing in Poland XIV, pp. 81-82.

Sonesson AK. Greef K.H.,, Meuwissen T.H. (1998). Genetic parameters and trends of meat
quality, carcass composition and performance traits in two selected lines of Large White pigs. Livest.
Prod. Sci., 57 (1): 23-32.

Suzuki K., Irie M., Kadowaki H.,, Shibata T., Kumagai M., Nishida A. (2005). Genetic
parameter estimates of meat quality traits in Duroc pigs selected for average daily gain, longissimus
muscle area, backfat thickness, and intramuscular fat content. J. Anim. Sci., 83: 2058-2065.

Virgilli R,Degni M,,Schivazappa C,Faeti V.,Poletti E, Marchetto G.,Pacchio-
li M.T., Mordenti A.(2003). Effect of age at slaughter on carcass traits and meat quality of Italian
heavy pigs. J. Anim. Sci., 81: 2448-2456.

Walstra P, Merkus G.S.M. (1995). Procedure for assessment of the lean meat percentage as a con-
sequence of the new EU reference dissection method in pig carcass classification. DLO-Research
Institute for Animal Science and Health (ID-DLO), Research Branch Zeist, pp. 1-22.

Accepted for printing 10 VIII 2009

GRZEGORZ ZAK, MIROSEAW TYRA, MARIAN ROZYCKI

Wskazniki charakteryzujace umig$nienie i otluszczenie $win ras wbp i pbz rézniacych sie
pod wzgledem cech tucznych

STRESZCZENIE

Badano zalezno$¢ migdzy poziomem tempa wzrostu i zuzycia paszy w okresie tuczu a wskaznikami
charakteryzujacymi umig$nienie i ottuszczenie tuszy — powierzchnig thuszezu nad ,,okiem” poledwicy,
powierzchnia ,,0ka” poledwicy, stosunkiem thuszczowo-mig$niowym, procentowa zawarto$cia migsa
w tuszy, $rednig gruboscig stoniny z 5 pomiarow, gruboscig stoniny nad topatka i gruboscia stoniny nad
,,okiem” poledwicy. Wyniki badan wskazuja na niewielkie powiagzanie poziomu badanych cech tucz-
nych z parametrami rzeznymi tuszy — niskie wspotczynniki korelacji. Prowadzenie prac hodowlanych
ukierunkowanych na poprawe tempa wzrostu i obnizenie zuzycia paszy na 1 kg przyrostu masy ciata
moze daé efekt w postaci obnizenia zawarto$ci migsa i zwigkszenia otluszczenia tuszy. Swinie rasy wbp
charakteryzuja si¢ wigksza zmiennoscig wskaznikow charakteryzujacych umigsnienie i otluszczenie tuszy
w poréwnaniu do §win rasy pbz.



