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Summary

To maximise the profitability of carcass processing, information on the size and composition
of cuts within a carcass prior to processing is essential. Installation of scanning technologies
into meat processing plants will enable better prediction of meat yield. Here, in the interim,
physical carcass measurements (cold carcass weight (CW), butt circumference (BC) and GR-
fat measure (GR)) were routinely recorded on all animals slaughtered as part of a genetic
carcass evaluation project. A smaller set of 245 lamb carcasses were extensively evaluated
and used to develop prediction equations for absolute meat yield measures (including % fat
and lean in shoulder, middle and hind leg cuts). For this work, computed tomography (CT)
scanning was assumed to be the most accurate non-destructive method of measuring muscle
and fat in the carcass cuts. Physical measures (BC, GR) along with year of birth, CW and
sex were fitted in the statistical model and resulted in accuracies (R2) of 0.88 and 0.96 for
total fat and total lean, respectively, with RSD estimates of 0.316 and 0.401 kg. These
accuracies are considered suitable in the interim for estimating genetic parameters for the
predicted traits.
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Introduction

In the 1970s New Zealand sheep breeders received financial benefits for reducing the amount
of fat in lamb carcasses. The New Zealand carcass classification system is based on carcass
weight and GR which is the depth of fat tissue over the 12th rib at a distance of 11cm from
the midline of the carcass (Kirton, 1989). These financial rewards incentivised sheep
breeders to establish breeding objectives to reduce carcass fat. The financial value of the
carcass is influenced by its lean meat yield, and with the development of comparatively
accurate measurement technologies in processing plants, this has assisted in the successful
production and marketing of heavier lean yielding lambs.

Computed Tomography (CT) scanning was developed for use in sheep (Jopson et al., 1995,
Young et al., 1996), with the technology further developed to report the amount of lean meat
within the three primal regions (shoulder, middle and hindleg) (Kvame et al., 2004).

To assess the accuracy of various measurements in predicting carcass composition, we
collected, over a 5-year period, CT and linear carcass measurements. CT scanning was
assumed to be the most accurate non-destructive method of measuring muscle and fat in the
carcass. CT scanning has previously been shown to be a very accurate predictor of carcass
composition relative to manual dissection. (Jopson et al., 1995, Young et al., 1996). The
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objective of this trial was to provide prediction equations for absolute meat yield measures.

Material and Methods

Measurements: Animals used in this trial were part of a larger industry ram breeding and
progeny test flock project. They were sourced from the same property for birth years 2010 -
2013. In 2014 the animals were sourced from a separate property. Data were collected over
five years with 50 animals slaughtered per year (2011 to 2015), with a total dataset
comprising 245 carcasses (after animals trimmed for carcass defects were removed). They
were selected randomly with the sexes being relatively evenly represented.

The 2010 born animals were slaughtered either in January or March 2011, 25 animals each
day. The carcasses were then frozen at the plant as if under normal production and then
transported back to AgResearch Invermay. This differed to the remaining slaughter cohorts
where there were a single slaughter date in March and the chilled carcasses (-1ºC) were
transported back to Invermay for CT scanning as described below.

On the day of slaughter, measurements recorded on the whole carcass included cold carcass
weight (CW), the depth of fat tissue over the 12th rib at a distance of 11cm from mid-line
(GR), and a carcass measurement of buttocks circumference (BC). The circumference of the
buttocks was measured using a flexible tape measure on the dressed carcasses hanging from
their hindquarters and represented the circumference when taken in a parallel plane
immediately above the anal opening. Over the 5 years GR mean (± SD) was 6.93 mm (±
3.25; range 1 to 17.5) and mean BC was 65.9 mm (± 4.0; range 54 to 75).

CT Measurements: Only the 2010 frozen carcasses were thawed to a chilled state, the other
years the carcasses were transported chilled. Carcasses were CT scanned using a stereological
technique with CT images collected at 50mm intervals throughout the entire carcass.
Volumes of muscle, fat and bone were estimated using Cavalieri’s theorem, whereby the
areas of each tissue type were summed across all of the images, and the summed area
multiplied by the distance between images. Density of each tissue was estimated based on the
weighted Hounsfield Unit (HU) average for each tissue. Tissue weight was estimated from
the volume of tissue multiplied by its average density. CT images were grouped into primal
cuts, with cut boundaries being defined as a straight cut between the aitch bone and 6th

lumbar vertebrae and the 4th/5th thoracic vertebrae (see Table 1 for cut definition) and the
weight of lean fat and bone estimated using the above technique.

Statistical analysis: CT measurements of lean meat weight, fat weight and bone weight were
recorded in the shoulder, mid-section and hind leg of each lamb. The total weight of cuts in
the 3 sections of the carcass were calculated, together with lean and fat percentages.

CT traits from 5 birth years (2010 - 2014) were analysed using least squares type 3 models
(SAS, 2012). Fixed effects fitted in the full model were sex (male, female) and kill group (6
classes accounting for 2 kill groups for birth year 2010). Covariates for CW, BC and GR
were also fitted. Reduced models eliminated the fixed effects, then also eliminated covariates
BC and GR. Linear models were fitted with stepwise regression and backward elimination to
minimise AIC (Akaike information criterion). Adjusted R-square and RSD results were
compared from the full and reduced models. Prediction equations were derived for meat
yield traits and total fat weight from the full model and include an estimate of the intercept
through zero.



Results and Discussion

Table 1 reports the mean CT measurements for lean and fat yield in the three carcass primals,
shoulder, mid-section and hindleg, and carcass total. Total carcass lean and fat ranged from
5.35 to 16.6 kg, and 0.72 to 5.11 kg, respectively.

The coefficients of determination (R2), which indicated accuracy, and the residual standard
deviations (RSD) after fitting the reduced and full statistical model are presented in Table 2.
For all 5 primal and component traits, the full model was the most robust and had the highest
adjusted R-square and lowest RSD (Table 2). The prediction equations from the full model
provide estimates of the objective traits by using weightings for the intercept, CW, BC and
GR. The prediction equation including linear measurements GR and BC together with CW
was best at predicting lean yield in the hindleg and total carcass lean yield (95% and 96%
respectively). These two easily collected linear measurements are good predictors for all 5
measurements with the R2 ranging from 83% for the CT lean shoulder through to 96% for CT
total lean.

In summary, a large number of animals were slaughtered and basic physical carcass
measurements collected. A smaller subgroup of animals were extensively evaluated and used
to estimate prediction equations for commercially important traits including fat and lean in
the major carcass cuts. The results suggest these predictions were of high accuracy and their
use allowed genetic component estimates for the predicted traits in the larger data set.

Table 1. Mean, standard deviation (SD), minimum and maximum values for CT
measurements (kg) for lean and fat yield in three carcass primals.

Lean Fat
N=245 Shoulder Middle Hindleg Total   Shoulder Middle Hindleg Total
Mean 3.38 3.14 4.25 10.8 0.85 1.03 0.53 2.42
SD 0.62 0.68 0.71 1.90 0.30 0.48 0.19 0.93
Min 1.73 1.4 2.21 5.35 0.23 0.22 0.19 0.72
Max 5.59 5.09 6.36 16.6   1.75 2.61 1.08 5.11

Table 2. Adjusted R2 and RSD fitting (i) cold carcass weight (CW) alone; or (ii) sex, kill
group, CW, butt circumference (BC) and GR; for carcass total and shoulder (SHLD), middle
(MID) and hindleg (HL) cuts measured using CT.
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