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Executive Summary 

1. This experiment demonstrated that a prototype DEXA system housed within a sea 

container can be used to scan live lambs to predict their CT composition (lean, fat and 

bone %) with moderate prediction.  

2. The precision of the DEXA prediction was improved when the head, mid-section and 

distal limbs were excluded from the live lamb DEXA images, leaving only the fore 

and hind sections to predict CT composition.  

Background 

Carcase muscling and fatness are important profit drivers in red meat industries. In Australia, 

processors generally pay producers for animals based on measures of carcase weight and 

fatness. However, producers do not currently have an objective means of determining the 

muscle and fat content of their animals on farm. This limits the capacity of producers to 

determine the best feeding regimes for their animals and the best time to process their animals 

for optimal carcase composition and thus profit.   

Introduction 

In recent years, a prototype dual energy X-ray absorptiometry (DEXA) system has been 

developed to predict lamb carcase composition with high accuracy and precision at abattoir 

chain-speed [1]. This DEXA system has been trained on the gold standard method of 

composition measurement, computed tomography (CT). The novel DEXA system used to 

measure carcase composition could have greater value to livestock industries if adapted to 

rapidly measure the composition of live animals in a “walk-through” setting. This experiment 

evaluates the potential of the prototype carcase DEXA scanner to determine carcase 

composition in live lambs, and thereby if further investment is warranted to develop this 

technology for use in livestock. We hypothesise that DEXA scanning live lambs with the 

prototype carcase system can predict the CT carcase composition of the lambs with moderate 

precision.   



Materials and Methods 

Lamb selection 

Twenty lambs were selected from MLA’s Resource Flock based on their live weights and sire 

breeding values for fatness (PFAT or post-weaning fat depth). Lambs were selected on this 

basis to maximise the range in carcase weight and fatness (Error! Reference source not 

found.). The lambs were transported to the animal house at the University of New England 

(UNE), Armadale, where they were penned and fed chaff for 1 day before being fasted 

overnight prior to DEXA scanning.  

DEXA scanning 

On the day of scanning the lambs were individually weighed and lightly sedated with 0.2mg/kg 

of acepromazine IM. Each lamb was restrained in dorsal recumbency for DEXA scanning using 

the prototype DEXA scanner housed within a sea container, owned by Teys Australia. A plastic 

calibration block was scanned in every image. The DEXA scanner generated images using a 

single emission 140kV X-ray tube at 10mA. The x-rays are captured on two photodiodes 

separated by a copper filter, one photodiode containing ZnSe as a scintillant and the other 

containing CSi. The lambs were monitored closely following DEXA scanning, though the 

sedation used was very light and no complications were observed.   

Slaughter and carcase CT scanning 

The following day lambs were returned to the MLA resource flock, where all lambs were fasted 

overnight prior to transport to the TFI abattoir in Tamworth for slaughter. The lambs were 

slaughtered 3 days following DEXA scanning, allowing for the 2 day with-holding period 

associated with acepromazine use in meat producing animals. The hot carcase weight (HCWT) 

of each lamb was measured before the carcases were chilled overnight. The 20 lamb carcases 

were transported in a chiller truck back to UNE and chilled overnight before being re-weighed 

and CT scanned using a GE Lightspeed QXi, in 5mm slices, at 100kVp and150mA.  

Image analysis 

DEXA images were analysed by calculating the R-value for each pixel in a) the entire lamb 

(Fig. 1), b) the entire lamb excluding the distal limbs and head, simulating a standard carcase 

and c) the fore and hind section only (Fig. 2). Anatomical landmarks were used to exclude the 

distal limbs (tibiotarsal and carpal joints), the head (lower neck at level of the cranial shoulder 

or the m. supraspinatus), and mid-section (level of the caudal elbow to cranial edge of 

quadriceps muscles). The mid-section was excluded from image analysis method c) due to the 

substantial interference anticipated to be caused by the bulk of internal organs overlaying 

carcase components in this region. Established DEXA R-value thresholds were used to estimate 

the lean, fat and bone % of each lamb using each image analysis method [1]. CT images were 

analysed as described by [2] for determination of carcase CT lean, fat and bone %. General 



linear models (SAS) were used to analyse the association between CT lean, fat and bone %, 

with DEXA value fitted as a covariate. 

Results 

The range in hot carcase weight, CT carcase lean, fat and bone % of the lambs are shown in 

Table 1.  

    Table 1. Carcase traits of the lambs scanned (n=20) 

Carcase trait Mean 
Standard 

deviation 
Range 

Hot carcase weight (kg) 24.3 3.2 20 - 31.6 

CT lean % 57.2 3.22 51.7 – 64.3 

CT fat % 25.7 4.2 17 - 32 

CT bone % 17.1 1.6 14.5 – 20 

 

In line with our hypothesis, scanning lambs with the prototype DEXA scanner predicted the CT 

composition of the lamb carcases with moderate precision. Using the DEXA R-values from the 

entire live lamb image could predict CT lean, fat and bone % with moderate precision (P<0.05, 

Fig.1).  DEXA scans of the entire live lamb predicted carcase CT lean % with an R2 of 0.42 and 

root meat square error (RMSE) of 2.51; CT fat % with an R2 of 0.53 and RMSE of 2.51; and CT 

bone % with an R2 of 0.39 and RMSE of 1.29. 

Excluding the head and distal limbs of DEXA live lamb images marginally improved prediction 

of CT carcase composition (P<0.05). From these images, the DEXA system predicted CT lean 

% with an R2 of 0.43 and a RMSE of 2.49; CT fat % with an R2 of 0.55 and RMSE of 2.92, and 

CT bone % with an R2 of 0.42 and a RMSE of 1.26.   

Live lamb DEXA scans predicted CT carcase composition with far greater precision when the 

DEXA images were restricted to the fore and hind sections only (P<0.05, Fig.2). Using this 

image analysis method, DEXA predicted CT lean % with an R2 of 0.64 and RMSE of 2.05; CT 

fat % with an R2 of 0.68 and RMSE of 2.52 (Fig. 2a, 2b). Restricting the DEXA images to the 

fore and hind sections did not however improve the prediction of CT bone % (Fig. 2c).



 
Figure 1a. Relationship between actual CT lean % and DEXA predicted CT lean % from a model containing 
DEXA values from images of the whole live lamb. Dashed lines represent a perfect prediction. 

 
Figure 1b. Relationship between actual CT fat % and DEXA predicted CT fat % from a model containing DEXA 
values from images of the whole live lamb. Dashed lines represent a perfect prediction. 

 
Figure 1c. Relationship between actual CT bone % and DEXA predicted CT bone % from a model containing 
DEXA values from images of the entire live lamb. Dashed lines represent a perfect prediction. 

 



 
Figure 2a. Relationship between actual CT lean % and DEXA predicted CT lean % from a model containing 
DEXA values from lamb fore and hind sections. Dashed lines represent a perfect prediction. 

 
Figure 2b. Relationship between actual CT fat % and DEXA predicted CT fat % from a model containing DEXA 
values from lamb fore and hind sections. Dashed lines represent a perfect prediction. 

 
Figure 2c. Relationship between actual CT bone % and DEXA predicted CT bone % from a model containing 
DEXA values from lamb fore and hind sections. Dashed lines represent a perfect prediction. 



Discussion 

This experiment demonstrates that the prototype DEXA developed for determining the 

composition of lamb carcases has the potential to predict the composition of livestock. Though 

the DEXA scans of the lambs could only predict carcase bone with low precision, predicting 

the proportion of muscle and fat tissue is far more valuable as producers have the capacity to 

alter these traits. This technology would be particularly valuable to the seedstock sector and to 

the feedlot sector, where animals would ideally be DEXA scanned on entry to feedlot to inform 

a tailored feeding regime for optimal profit at processing.  

This study is limited however in that the positioning and immobilization of the lambs does not 

reflect how a DEXA scanner would scan live animals in practice. Ideally, livestock would be 

DEXA scanned as they “walk-through” an adapted race. Therefore, the next step in developing 

a DEXA scanner to predict the composition of live animals is to construct a prototype walk-

through DEXA system that could be evaluated under conditions closer to those practicable in 

industry. If this DEXA system can be adapted to predict CT composition with similar precision 

when scanning lambs as they moved through a race, it would present a valuable opportunity 

for producers to improve the efficiency of selective breeding, finishing their livestock and thus 

the profitability of their business. 
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