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Abstract 26 

Data on 630 crossbred lamb carcasses were used to estimate genetic parameters for a 27 

number of carcass measures, fitting a multivariate animal model using restricted 28 

maximum likelihood. Carcass measures included: cold carcass weight (CCW), 29 

EUROP conformation and fat class scores (MLC-CF), primal joint weights predicted 30 

using MLC-CF and several carcass linear and area measures obtained by Video Image 31 

Analysis (VIA-DM). Heritability estimates for subjective carcass traits (MLC-CF and 32 

primal joint weights predicted using MLC-CF) were low (0.05 – 0.17), whereas those 33 

for objective carcass traits (linear and area measurements on the carcass from VIA) 34 

were moderate to high (0.20 – 0.53). Phenotypic correlations between MLC-CF and 35 

VIA-DM were in general low (0.01 – 0.51) and genetic correlations were slightly 36 

higher (-0.04 – 0.81), when interpreting their absolute value. The results suggest that 37 

selection for shorter carcasses (VIA lengths) will be associated with improved 38 

conformation but a reduction of the total CCW. Likewise there was a trend in the 39 

genetic correlations between conformation and carcass widths which indicated that 40 

conformation could also be improved by selection for wider carcasses as measured by 41 

VIA which in turn will also imply an increase in CCW. The genetic correlations 42 

between VIA-DM and fat class score were only significantly different from zero for 43 

the VIA measurement for the leg area (rg = -0.73). Length traits were highly 44 

correlated with each other, with an average genetic correlation of 0.84. Positive 45 

genetic correlations (0.47 – 0.85) were found between widths measured on the 46 

shoulders and chest with hind leg widths. The areas measured on the carcass were 47 

moderately to highly correlated with each other (0.54 – 0.90). In general, genetic 48 

correlations which were found to be significant between areas, lengths and widths 49 

were moderate to high and positive. Phenotypic and genetic correlations along with 50 
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heritabilities of the VIA-DM from crossbred lambs, suggest that using this VIA 51 

dimensional information in the evaluation of purebred terminal sire breeds is likely to 52 

improve conformation on crossbred lambs.  53 

 54 

Keywords: Video Image Analysis, conformation, fat, dimensional measurements, 55 

heritability  56 

 57 

 58 

1. Introduction  59 

Carcass quality measurements in slaughter lambs are based on visual appraisal of 60 

carcass conformation and fatness, and these criteria are used in payment systems in 61 

most European countries (CEC, 2002). The use of these subjective carcass 62 

assessments in genetic selection programmes has been found to be of negligible 63 

benefit, due to their low heritabilities (Conington et al., 2001), and also because of the 64 

positive genetic correlation between these two traits (Pollott et al., 1994; Jones et al., 65 

1999; Conington et al., 2001). This limits their use in sheep breeding programmes that 66 

aim to improve conformation without an associated increase in fatness. Despite this, 67 

due to the relatively large economic weight of these traits, there are some cases where 68 

they are included in selection indexes along with other important traits, such as 69 

maternal characteristics (Simm and Dingwall, 1989; Conington et al., 2001). 70 

Therefore and because conformation and fat class scores are currently used in sheep 71 

breeding programs their genetic and phenotypic correlations with new carcass traits 72 

remains of primary importance 73 

Since carcass conformation contributes significantly to the overall value of the 74 

slaughter lamb, alternative measures which can describe conformation independently 75 
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of fatness have recently gained interest in the lamb industry. Measures of muscularity 76 

obtained by computer tomography (CT), which by definition are independent of 77 

fatness (Navajas et al., 2008), have been suggested as alternative methods to improve 78 

carcass conformation by genetic selection in purebred sheep (Navajas et al., 2007). At 79 

present, estimated breeding values (EBVs) for in-vivo measures of 2D-gigot 80 

muscularity obtained by CT (Jones et al., 2002; Navajas et al., 2007) are available in 81 

the UK to assist breeders identify terminal sires with better muscularity of the hind 82 

legs.  83 

Linear body traits have also been suggested as objective measures of body 84 

conformation in sheep (Waldron et al., 1992; Bibe et al., 2002). In these earlier 85 

studies, linear measurements were recorded manually and were therefore of restricted 86 

use in commercial sheep breeding programs. Conversely, automatic technologies 87 

based on Video Image Analysis (VIA) offer the opportunity of recording linear and 88 

area traits (dimensional measurements) on the carcass in an objective and automated 89 

way, providing a fast and very reliable source of information for genetic improvement 90 

programs. The value of using crossbred information in the genetic evaluation of 91 

purebreds has been investigated and the results suggest this will increase the rate of 92 

genetic responses in crossbred progeny (Wei and Van der Verf, 1994; Bijma and van 93 

Arendonk, 1998). In another study, Jones et al. (1999) reported that fat class scores 94 

taken on crossbred lambs was positively correlated both with tissue proportions and 95 

rations. These findings opened up the possibility to use subjectively assessed scores, 96 

such a fat class for improving rates of genetic gain in purebred selection programmes.  97 

The introduction of VIA technology to provide information on a range of linear and 98 

area measurements on the carcass could eventually encourage the sheep industry 99 

towards a new carcass grading and pricing system based upon payments for individual 100 
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component joints. This change in the carcass evaluation system would be supported 101 

by a general shift from subjective carcass quality measures towards more objective 102 

evaluation based on the weight or percentage of meat yields from the different primal 103 

joints. In a previous study, Rius-Vilarrasa et al. (2009a) reported genetic parameters 104 

for weights of primal carcass cuts predicted using a VIA system. Low to moderate 105 

heritabilities were found in that study, suggesting that VIA predictions of primal cut 106 

weights, could be used in selection programmes to improve weights of individual 107 

carcass cuts. However, while evaluation of carcass quality still relies on the subjective 108 

evaluation of conformation and fat class (MLC-CF), genetic parameters of the primal 109 

joints weights predicted using the information obtained from these subjective 110 

evaluations are also of interest. Prediction models developed to estimate weight of 111 

primal meat yields using MLC-CF have high accuracies (expressed as coefficient of 112 

determination, R
2
 values) ranging from 0.82 to 0.95 for primal weights of breast and 113 

shoulder, respectively (Rius-Vilarrasa et al., 2009b). Estimates of primal joint weights 114 

could be obtained by using the prediction models developed in that previous study 115 

along with the MLC-CF scores collected from the present dataset. The predicted 116 

primal weights could then be used to estimate genetic parameters for these traits 117 

which, to our knowledge, have not yet been investigated. In addition, the possibility to 118 

obtain fast and accurate carcass dimensional measurements trough the use of VIA 119 

technology could be use to explore the associations between conformation and shape 120 

of the carcass. Therefore, the aims of this study were: (1) to estimate genetic 121 

parameters for the MLC-CF scores and for primal joint weights predicted from MLC-122 

CF scores, and to compare these results with the results from a previous study (Rius-123 

Vilarrasa et al., 2009a) which used VIA information to predict primal joint weights; 124 
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(2) to investigate the associations between MLC-CF scores and VIA-DM; (3) to 125 

estimate genetic parameters for VIA-DM. 126 

 127 

2. Materials and Methods 128 

 129 

2.1 Animal resource 130 

The 630 crossbred lambs included in this study were produced by mating crossbred 131 

Mule ewes (Bluefaced Leicester x Scottish Blackface), or Welsh Mule (Bluefaced 132 

Leicester x Welsh Hardy Speckled Face or Beulah Speckled Face) ewes with three 133 

different terminal sire breeds (Charollais, Suffolk and Texel). A total of 18 sires and 134 

385 dams were used to produce the 630 lambs. Pedigree information included 135 

individuals who would contribute to variance component estimation by animal model. 136 

The software RELAX2 (Strandén and Vuori, 2006), was used for pruning and as a 137 

result animals with observations and animals that tie by ancestry animals with 138 

observations were included in the pedigree. The complete pedigree comprised 1092 139 

animals.  140 

The lambs were reared at research farms in Wales (Aberystwyth), England 141 

(Rosemaund) and Scotland (Edinburgh) where the lambs’ birth weight and sex were 142 

recorded. Within 48 hours of lambing, the Mule ewes and their lambs were turned out 143 

to pasture. Litters were kept as singles or twins and lambs from larger litters were 144 

fostered to another ewe when possible. About 80% of the lambs were reared as twins 145 

with the remainder reared as singles. Ewes suckling twin lambs were grazed 146 

separately from those with singletons and offered supplementary feeding as required 147 

in early lactation. Artificially reared lambs were excluded from this study. More 148 

information on the production of Mule ewes, as well as the selection of terminal sire 149 
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rams is available elsewhere (Jones et al., 1999; Simm et al., 2001; Van Heelsum et al., 150 

2003; Van Heelsum et al., 2006).  151 

 152 

2.2 Carcass measurements on crossbred lambs  153 

The lambs born in 2006 were slaughtered the same year at finished condition (average 154 

age 5 months; estimated fat class 3L) at the commercial abattoir of Welsh Country 155 

Foods (WCF) in Gaerwen (Wales). Subjective conformation and fat scores were 156 

recorded by an expert grader in the abattoir, according to the MLC-CF system. 157 

Carcass conformation was assessed using the EUROP five-point scale (where “E” is 158 

for excellent and “P” is for poor conformation), and fatness, using a five-point scale 159 

from 1 (leaner) to 5 (fatter), with scores 3 and 4 sub-divided into “L” (leaner) and “H” 160 

(fatter). These subjective grades were then converted to numeric scales, with 161 

conformation coded as E = 5, U = 4, R = 3, O = 2, and  P= 1 and fatness transformed 162 

to a corresponding estimated subcutaneous fat percentage  (1 = 4, 2 = 8, 3L = 11, 3H 163 

= 13, 4L = 15, 4H = 17 and 5 = 20) (Kempster et al., 1986). The lamb’s hot carcass 164 

weight was recorded just after slaughter and a constant of 0.5 kg deducted as an 165 

expected drip loss value to obtain the cold carcass weight (CCW). Prediction 166 

equations derived in a previous study by Rius-Vilarrasa et al. (2009b) using MLC-CF 167 

scores for the prediction of primal joint weights were used in this study to estimate the 168 

weight of LEG, CHUMP, LOIN, BREAST and SHOULDER primal cuts. The 169 

prediction models based on MLC-CF were tested and validated in a previous dataset 170 

which consisted of 443 observations on dissected primal joint cuts. The dissection of 171 

lamb carcasses into primal cuts was done base on industry butchery specifications. 172 

The CHUMP joints were separated into boneless chump by cutting through the 173 

hipbone and the point end of the chump. The LOIN and BREAST joints were 174 
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obtained by cutting a parallel cut to the back bone from a point approximately twice 175 

the length of the eye muscle at the anterior end of the loin. The LOIN joints were 176 

removed by sheet boning the rib bones and half the length of these bones was 177 

removed by cutting to a maximum of 35 mm from the chine bone. The SHOULDER 178 

joints were separated from the back strap and the knuckle ends. The prediction 179 

equations based on the regression of MLC-CF on the different primal joints reported 180 

accuracies ranging from 0.82 to 0.95 for BREAST and SHOULDER, respectively 181 

(Rius-Vilarrasa et al., 2009b). The following prediction model, together with the 182 

regression coefficients found in that previous study for each primal cut, was used in 183 

the current study to obtain estimated weights of primal joints which were then used to 184 

estimate the genetic parameters of these carcass traits. 185 

 186 

ijkijkjiijk eCCWbFATONCONFORMATIY )(1     187 

  188 

Five prediction models were used to obtained primal joints estimates for each animal l 189 

(Ŷijkl), from carcass information on CONFORMATIONi (5 classes: 1, poor 190 

conformation to 5, excellent conformation) and on FATj (7 classes: 1, very lean to 7, 191 

very fat). The CCWijk was used as a linear covariate where b1 represents the 192 

regression coefficient of Y on CCW and eijk represents the residual effects. 193 

After the carcasses were subjectively assessed, lambs were redirected from the main 194 

slaughter line to a secondary line specifically designed to steer the carcasses to a VIA 195 

station for scanning (VSS2000, E+V Technology GmbH, http://www.eplusv.de/), 196 

which was installed offline in the abattoir, but run at the typical line speed. Further 197 

details on the VIA system has been reported previously (Rius-Vilarrasa et al., 2009b). 198 

Carcass linear and area traits (dimensional measurements) were obtained from the 199 

http://www.eplusv.de/
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VIA system by scanning the back and side views of carcasses. Some of the VIA 200 

system measurements that were available in the current study included carcass lengths 201 

(L1 - L4), widths (W1 - W8) and areas (A1 – A4) and are presented in Figure 1.  202 

 203 

2.3 Statistical analysis 204 

Restricted maximum likelihood (REML) methods were used to estimate (co)variance 205 

components based on an animal model using the ASReml program (Gilmour et al., 206 

2002). The general animal model, used to estimate heritabilities as well as genotypic 207 

and phenotypic correlations for MLC-CF (conformation and fat class), primal joint 208 

weights and VIA-DM was as follows:    209 

 210 

ijkllijklkjiijkl eaASbBRDABHY )(1 ,     211 

  212 

where Yijkl is the record for animal l,  BHi  is the combined fixed effect of ith year of 213 

birth (1 class: 2006), sex (2 classes: male and female) and farm (3 classes: Wales, 214 

England and Scotland) and is defined in this paper as batch; DAj is the effect of jth 215 

dam age (8 classes: 2 to 8, >8); BRk is the effect of kth sire breed (3 classes: Texel, 216 

Charollais or Suffolk); AS is age at slaughter as a covariate where b1 represents the 217 

regression coefficient of Y on slaughter age with a mean 145 days and a standard 218 

deviation of 41. The random effects al and eijkl represent the direct additive effect of 219 

the animal and the residual effects, respectively.   220 

Firstly, univariate analyses were performed to evaluate the significance of different 221 

fixed and random effects in the model for the traits listed in Tables 1 and 2. To 222 

evaluate the significance of a random effect in the model, a likelihood ratio test was 223 

performed that compared reduced and full models, with one degree of freedom, to a 224 
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critical value from the chi-square distribution. Besides the residual effect, the final 225 

models included only the direct additive effect as random effects. The random 226 

common environmental effect (litter) was tested but found not to be significant. 227 

Following the univariate analysis, multivariate analyses were performed using the 228 

most parsimonious model for each trait.  229 

 230 

3. Results 231 

 232 

3.1 Heritability estimates   233 

Heritability estimates and their standard errors for CCW, MLC-CF traits and for 234 

MLC-CF based predictions of the primal joints are presented in Table 1. The 235 

heritability estimate for CCW was of 0.19 and it was calculated with a relatively high 236 

standard error of 0.10. Heritability estimates from MLC-CF traits were low for 237 

conformation and fatness (both 0.10). Heritability estimates for weights of primal 238 

joints predicted using MLC-CF ranged from 0.05 to 0.17, with the lowest value for 239 

the LOIN and the highest for the LEG. All heritabilities, except for the primal LEG, 240 

were not significantly different from zero. Heritability estimates for VIA-DM were 241 

moderate to high (Table 2). For VIA-DM the lowest heritability estimate of 0.20 was 242 

for the width W8, located in the leg region, and the highest of 0.53 was for the area 243 

A2, which measures the leg joints.  244 

Heritability estimates for length traits ranged from 0.25 to 0.46, for L1 and L3, 245 

respectively. Similar heritabilities were found for carcass width traits with the lowest 246 

being 0.20 and the highest 0.39 for width measures near the hind legs, W8 and W5, 247 

respectively. In summary, for the VIA-DM, the traits with the highest heritability 248 

estimates were those related to measurements in the leg region, such as length trait L2 249 
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(0.44), width W5 (0.39) and area A2 (0.53).  250 

 251 

3.2 Estimates of phenotypic and genetic correlations  252 

Phenotypic and genetic correlations between primal joint weights predicted using 253 

MLC-CF were all very high (> 0.84) and are presented in Table 3. The genetic 254 

correlation between CHUMP and SHOULDER could not be estimated. Variance 255 

structures were set to allow negative parameters to be calculated in the (co)variance 256 

matrix leading led to non-positive definite matrices. Restricted positive definite 257 

matrices were also tested, which kept variances in the theoretical parameter space so 258 

correlation parameters would not exceed ±1. However no standard errors could be 259 

estimated. These results suggested that CHUMP and SHOULDER might have a very 260 

high linear dependency, thus genetic correlations could not be estimated. Genetic and 261 

phenotypic correlations between CCW and the primal joints predicted were all very 262 

high and in most of the cases the genetic correlations were not significantly different 263 

from 1.  264 

Estimates of genetic and phenotypic correlations between MLC-CF and VIA-DM are 265 

presented in Table 4. Phenotypic correlations were negative between VIA carcass 266 

lengths and CONF whereas between VIA carcass widths and conformation were all 267 

positive ranging from 0.09 to 0.51. The phenotypic correlations between VIA carcass 268 

lengths and widths with FAT were in general positive. Looking at the genetic 269 

correlations, most of the linear traits were negatively and, in general, strongly 270 

correlated with CONF, however only a few were significantly different from zero, due 271 

to high standard errors. No significant associations were found between linear traits 272 

and FAT. The reasons for this might be a consequence of the sample size and/or the 273 

nature of the traits where CONF and FAT class are subjectively asses and VIA 274 
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dimensional measurements are recorded from a VIA system with room for 275 

inaccuracies in both types of measurements. Strong negative correlations were found 276 

between carcass lengths (L2, L3 and L4) and CONF, which suggests that selection for 277 

longer carcasses will lower the value of the carcass by reducing conformation scores. 278 

However it is possible that this would be outweighed by an increase in carcass weight 279 

and a possible reduction in fatness, as suggested by the genetic correlations in Table 280 

4, although large standard errors make the correlations non-significant. Selection for 281 

wider carcasses could improve carcass conformation, as shown by the trend on the 282 

positive genetic correlations between carcass widths (W3 and W4), as measured on 283 

the saddle, and CONF. However these associations were also not significantly 284 

different from zero. Genetic correlations between CCW with CONF and FAT were 285 

associated to high standard errors, whereas phenotypic correlations were both 286 

positive.  287 

A significant strong and negative correlation was found between the back area of the 288 

legs (A2) with FAT (-0.73) and the same area measure was also negatively correlated 289 

with CONF (-0.80). These correlations indicate that selection for an increased leg area 290 

(A2) as measured by VIA could result in a reduction of the overall carcass 291 

conformation and that could also be accompanied by a reduction of carcass fatness. 292 

Phenotypic and genetic correlations among VIA-DM are presented, together with 293 

their corresponding standard errors, in Table 5. Most phenotypic correlations were 294 

significant, with no standard errors greater than 0.05. However there were large 295 

standard errors for several of the genetic correlations, in particular those correlations 296 

of low to moderate absolute magnitude. In general, those genetic correlations that 297 

were significantly different from zero were higher in their absolute value than the 298 

corresponding phenotypic correlations.  299 
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Length traits were highly genetically correlated with an average of 0.84. The lowest 300 

genetic correlation (0.68) was between L1 and L2 traits and the highest (0.98) 301 

between L3 and L4 traits, which indicates a high correlated response for these traits. 302 

Positive and moderate to strong genetic correlations (0.47 – 0.85) were found between 303 

widths measured on the shoulders and chest areas (W1 and W2) with widths measured 304 

on the hind legs (W5, W7 and W8). This implies that selection towards carcasses with 305 

wider hind legs could also increase chest and shoulder widths due to a high correlated 306 

response between traits. The areas measured on the carcass by VIA were moderately 307 

to highly genetically correlated with each other (0.54 – 0.90), which implies that 308 

selection to increase any of the carcass areas will increase the rest of the areas as a 309 

correlated response.  310 

The lengths were in general lowly to moderately correlated with the widths of the 311 

carcass, and most of the estimates with low correlations were not significantly 312 

different from zero. The carcass length (L3) measured on the side of the carcass was 313 

moderately to highly correlated with W2 (0.51), W5 (0.42), W6 (0.81) and W7 (0.90) 314 

widths measured on the back image of the carcass. These correlations are of particular 315 

interest for changing the dimension of the carcass by selection. While selection might 316 

focus on wider carcasses to improve conformation, the overall carcass length would 317 

not reduce. This is of particular interest as a reduction in the length of the carcass 318 

would also imply a decrease in CCW as shown by the positive genetic correlations 319 

between CCW and the various carcass lengths. The genetic correlation between 320 

lengths and areas (Table 5) show that longer carcasses would also have larger surface 321 

areas. Additionally, increased carcass surface areas would be expected if selection 322 

was focused on wider carcasses as shown by the genetic correlations between widths 323 

and areas in Table 5.  324 
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 325 

4. Discussion 326 

In the present study heritabilities for MLC-CF scores and VIA-DM were estimated, 327 

along with their phenotypic and genetic correlations. Low heritabilities were found for 328 

MLC-CF traits (conformation and fat class) of 0.10, respectively. This is likely to be a 329 

reflection of the subjective nature of this assessment, which probably inflates the 330 

environmental variance. In addition, categorical traits analysed under the hypothesis 331 

of normality distribution might have also influenced the accuracies of the genetic 332 

parameter estimates for these traits. Despite CONF and FAT scores observations were 333 

classified as normally distributed (Skewness: -0.54 and 1.23 and Kurtosis: 3.17 and 334 

4.0, for CONF and FAT, respectively), the analysis of these categorical traits using 335 

Bayesian statistics, particularly for genetic evaluations of traits with discrete and non-336 

normal distributions (Van Tassell et al., 1998; Blasco, 2001) might have provided 337 

slightly higher heritability estimates. No references in the literature have been found 338 

that used Bayesian statistics on these traits, however several authors have reported 339 

genetic parameters for MLC-CF using maximum likelihood methods with a fairly 340 

wide range of heritability estimates (Conington et al., 1998; Jones et al., 1999; Puntila 341 

et al., 2002; Karamichou et al., 2006; Van Heelsum et al., 2006). At constant 342 

subcutaneous fat as the same end point chosen for the analysis of carcass traits in the 343 

present paper , Conington et al. (1998), in a study of Scottish Blackface hill lambs, 344 

reported similar heritability estimates for fat class (0.09) and EUROP conformation 345 

class (0.13) to the present study. Another study where MLC-CF were measured at 346 

different slaughter target live weights reported higher heritability estimates, on 347 

average of 0.23 and 0.19 for conformation and fat class, respectively (Jones et al., 348 

1999). For lambs slaughtered at fixed age rather than a fixed degree of finish (usual 349 
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practise in UK sheep industry), Karamichou et al. (2006) reported significantly high 350 

heritability estimates of 0.52 and 0.33 for conformation and fat respectively. The 351 

authors in this paper also indicate that such high estimates might be the result of large 352 

and complex pedigree information.  Although there are limitations to improving 353 

carcass conformation through genetic selection, due to its positive correlation with 354 

fatness in a wide range of breeds (Lewis et al., 1996; Conington et al., 1998; Jones et 355 

al., 1999; Moreno et al., 2001; Bibe et al., 2002; Karamichou et al., 2006), sheep 356 

breeders are still interested in improvement of this trait, mainly for its economic 357 

impact.  358 

An alternative way to improve carcass conformation could be by indirect selection on 359 

measures associated with carcass shape, such as body and carcass linear traits. 360 

Moderate to high genetic and phenotypic correlations between carcass shape 361 

(conformation) and linear carcass measurements were found in the present study, 362 

which were comparable with some found in the literature (Waldron et al., 1992; Bibe 363 

et al., 2002). However, they were in disagreement with results reported by Pollott et 364 

al. (1994) and Janssens and Vandepitte (2004), where no associations were found 365 

between shape, as assessed by conformation scores and body measurements. 366 

Improvement of carcass conformation by altering the carcass shape could be due to 367 

changes in weight of the muscle relative to a skeletal dimension (length of the bones), 368 

defined as muscularity by Purchas et al. (1991). Recent work reported by Navajas et 369 

al. (2007) confirmed this association, where strong phenotypic correlations were 370 

found between subjective conformation score and muscularity as measured in-vivo by 371 

CT in lambs from two divergent breeds that are of economic importance in the UK 372 

(Texel and Scottish Blackface). Another study by Wolf and Jones (2007) also reported  373 

that an improvement of leg shape by a reduction in length of the limb would improve 374 
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leg muscularity. These changes in leg shape were also expected to give improvements 375 

in overall carcass shape (conformation). Collectively, these results are in common 376 

with Laville et al. (2004), who found that conformation was strongly influenced by 377 

leg muscularity. 378 

While selection for shorter or wider carcasses as measured in the present study could 379 

improve carcass conformation, and as a result also increase muscularity of primal 380 

cuts, this should be investigated carefully. Base on the genetic correlations between 381 

CCW and VIA lengths, the selection for shorter carcasses length could also lead to 382 

smaller carcass size with less cold carcass weight, hence resulting in an economic loss 383 

for the producer as payments are based mainly on carcass weight. In addition, genetic 384 

correlations between VIA-DM and FAT also showed a moderate correlations in the 385 

same direction as for CONF, indicating that selection for linear traits to improve 386 

carcass CONF could also be associated with an increase in carcass fatness. While 387 

these genetic correlations were associated with large standard errors the results have 388 

been based on a trend in the data, and therefore further analyses are required to 389 

confirm the associations between these carcass traits. However, literature references 390 

have been found that support the results found in the present study. Comparable 391 

results were reported by Moreno et al. (2001), where selection for shorter carcass 392 

length improved carcass conformation accompanied with an increase in fatness 393 

(internal fat score), as estimated by kidney fat area. The results in this study indicate 394 

that VIA information could help in the improvement of carcass CONF by genetic 395 

selection, but the associations between VIA-DM with FAT need to be further 396 

investigated because dissected carcass information was not available on these lambs. 397 

In addition, future research into the associations between VIA-DM and muscularity 398 

measurements are highly relevant, since VIA information from crossbred lambs could 399 
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be used in current commercial breeding programmes to increase genetic progress to 400 

improve muscularity in purebred animals.  401 

There are few published estimates of genetic parameters of linear and area type traits 402 

on sheep carcasses and the ones found in the literature are very difficult to compare 403 

due to differences in the measures taken. In the present study, heritability estimates 404 

for linear and area carcass traits measured on VIA images were moderate to high 405 

(0.20 – 0.53) and were within the range of heritability estimates for linear type traits 406 

in sheep measured on the carcass and on live animals reported by several authors for 407 

sheep (Moreno et al., 2001; Janssens et al., 2004; Gizaw et al., 2008) and also for beef 408 

and dairy cattle (Brotherstone, 1994; Mukai et al., 1995). In general, linear traits have 409 

been used as indirect measures of relevant economic traits, such as conformation, 410 

performance and production traits (Brotherstone, 1994; Janssens and Vandepitte, 411 

2004; Gizaw et al., 2008). However the responses to selection on VIA-DM, as a direct 412 

measure of carcass shape with the potential to alter carcass dimensions, were also 413 

investigated. The results found in the present study suggested that it would be difficult 414 

to select for larger hind legs (longer and wider) without a correlated increase in the 415 

length of the whole carcass. The selection of carcasses with larger hind legs would 416 

also be accompanied by increasing carcass chest and shoulder width. The latter might 417 

be highly undesirable if associations are found with increased incidence of lambing 418 

difficulties. In general, it would be difficult to alter the carcass shape by genetic 419 

selection based on the group of significant genetic correlations between VIA-DM 420 

found in the present study. Further analysis in order to elucidate the associations 421 

between VIA-DM and dissected primal weights could also help to provide 422 

information on selection for increased dimensions of the most valuable primal cuts as 423 
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long as these did not result in increased lambing difficulty, but data on the weights of 424 

these cuts were not available in these crossbred lambs.  425 

The abattoirs and processing sectors would like to move towards a pricing system 426 

based on weight of saleable meat from primal joints. It is possible that VIA systems 427 

which can predict weights of primal joints with high accuracies (ranging from 0.86 to 428 

0.97 for dissected primals loin and leg cuts (Rius-Vilarrasa et al., 2009b)) could be 429 

introduced in UK lamb abattoirs in the next few years. However, it is unlikely that 430 

VIA systems will be simultaneously installed across all lamb abattoirs. Therefore it 431 

was of considerable interest to investigate the genetic response that could be achieved 432 

by selection for improved weights of primal meat yields predicted using the current 433 

EUROP carcass grading. Low heritability estimates (0.05 – 0.17) were found for 434 

predicted weights of primal meat yields using the current EUROP conformation and 435 

fat scores. Using the same dataset and VIA information to predict the weight of the 436 

primal cuts, higher heritability estimates (0.07 – 0.26) were found in a previous study 437 

(Rius-Vilarrasa et al., 2009a). These differences in heritability estimates might be due 438 

to greater environmental variance associated with subjective measures of carcass 439 

quality compared to the objective based measures obtained by VIA (Rius-Vilarrasa et 440 

al., 2009b).  Additionally, while VIA systems can allow for further improvements in 441 

accuracy of prediction of primal weights by re-adjusting the prediction equations with 442 

the continuous scanning of carcasses online in abattoirs, MLC-CF have smaller 443 

margins for improvement. Therefore, use of primal weights predicted using VIA to 444 

improve carcass composition in selection programs would provide an initial faster 445 

response to selection, compared to using MLC-CF.  446 

 447 

5. Conclusions 448 
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Carcass quality measures are currently based not only on carcass weight, but also 449 

CONF and FAT as visually assessed by an expert grader. However there is the 450 

potential that in the near future measures of saleable meat yield could also be used as 451 

a measure of carcass quality in the UK abattoirs. Estimates of heritability found in this 452 

study for CONF and FAT class and for primal joint weights estimated using MLC-453 

CF, indicate that the additive genetic variability of these traits is low and would lead 454 

to a low response to selection for improved carcass quality. On the contrary, 455 

heritability estimates found for the VIA-DM suggest that use of these traits in genetic 456 

improvement programs could lead to a faster response to selection for improved 457 

carcass conformation. Further research is required on the associations between 458 

muscularity, which represents a measure of shape that is independent of fatness (De 459 

Boer et al., 1974; Purchas et al., 1991), and VIA-DM, since this could provide the 460 

means to select for increased meat yield weight without an increase in fatness 461 

(Waldron et al., 1992; Jones et al., 2004). Automatic technologies such as VIA can 462 

offer a significant opportunity to record very accurate information on carcass 463 

characteristics from crossbred lambs with the possibility to feed this information back 464 

from the abattoir to the producers and breeders to enable far more information on 465 

important carcass traits to be used in genetic evaluations, thereby increasing the 466 

accuracy of estimated breeding values (EBVs) and rates of response to selection. 467 
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Fig. 1 Dimensional measurements, lengths, widths and areas of back and side views 602 

of the carcasses obtained by VIA.  603 
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