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Introduction

While there are companies that operate at multiple points along the beef supply chain,
processors deal with costs of carcass procurement and processing and returns from wholesale
products as primal cuts. Carcass number and weight are the biggest drivers of throughput.
Objective carcass measurement technologies will facilitate increased sophistication in value-
based marketing along the supply chain.

Understanding opportunities to increase carcass value by changing composition should be
explored. The journey for this paper began with having a new look at an old bone-out dataset
with 241 animals from 10 diverse breeds that has only been partially published (Ewers et al.
1999, Pitchford et al. 2020). While there are many such datasets around, most tend to be
small as the cost of capturing cut weights on carcasses from known genetics is expensive.
During the recent study, publications with much larger datasets were identified (e.g. Judge et
al. 2019, Naserkeil ef al. 2021, Sood et al. 2023). The Irish study was the largest with over
29,000 records for some cuts. Thus, the genetic parameters reported in this study were used
as the basis herein. The title of the Irish study was “Potential exists to change, through
breeding, the yield of individual primal carcass cuts in cattle without increasing overall
carcass weight.” The purpose of this paper is to challenge that conclusion.

Methods

Quantifying between and within breed differences. The objective of this study is to
quantify genetic variation in proportion of beef cuts. Carcasses (241) were boned out from 10
diverse breed combinations (Jersey, Wagyu, Angus, Hereford, South Devon, Limousin and
Belgian Blue sires by Hereford cows, plus purebred Jersey, Limousin x Jersey and purebred
Limousin). Despite being born in similar conditions, raised and slaughtered together, there
was large variation in carcass weight (197-425kg), P8 rump fat depth (2-32mm) and loin eye
muscle area (41-124cm?). Carcasses were boned out with trim recorded and 17 primal cuts
trimmed to 6mm subcutaneous fat was recorded (Pitchford ef al. 2020). These were group
into 5 regions (loin, butt, blade, chuck and shin) and proportions (%) of carcass weight
calculated. A linear mixed model with breed as a random effect was fitted.

Examining opportunities for genetic gain. Judge er al. (2019) analysed 31,827 animals
(9,414 heifers and 22,413 steers) from 3,566 contemporary groups originating from 1,446
herds. The numbers of records per primal cut ranged from 10,955 for the cube roll to 29,822
for the topside. The average carcass weight was 348.5kg. Mean, genetic standard deviation
and heritability was reported for 14 cuts. The genetic SD and heritability was reported for a
base model, with carcass weight as a covariate and with carcass weight and fat score as
covariates. Genetic correlations were also reported with and without carcass weight as a
covariate. The study herein utilised the SDs and correlations with carcass weight adjustment.
A genetic covariance matrix was formed and then bent to ensure positive definite using
nearPD within the Matrix package v1.2-17 within R, originally developed by Jens
Oehlschlaegel (https://github.com/joehl) using the algorithm of Higham (2002). This was the
base of further calculations (Table 1).
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Potential response to selection was calculated using:

z:CC

Ces = Zsc
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Zgs

Re = ZcsZ5stVs

Where Ccs is the Covariance matrix with 10 “commodity” and 4 “sweet” cuts (Rump,
Striploin, Fillet, Cube roll) and Rc is a vector of response in all 14 cuts associated with a 1 oG
change in sweet cuts. All calculations were conducted on the original scale and then divided
by the average carcass weight (348.5 kg) to convert to proportions (%).

Table 1. Genetic covariance (kg?) matrix between cuts.

Top*

Sil

Eye Knu Rum Str Fil

Cub Bav Bri

CT LoM

CaN

HaS

Top
Sil
Eye
Knu
Rum
Str
Fil
Cub
Bav
Bri
CT
LoM
CaN
HaS

1.21
0.36
0.30
0.40
0.22
0.16
0.09
0.03
-0.27
-0.08
-0.11
0.16
-0.03

0.36
0.34
0.16
0.17
0.10
0.12
0.07
0.01
-0.07
-0.04
-0.04

0.30
0.16
0.20
0.12
0.06
0.11
0.03
0.03

-0.04

0.04

-0.04

0.40
0.17
0.12
0.36
0.11
0.13
0.07
0.02
-0.17
-0.09
0.10

-0.01 0.06 0.09
-0.02 0.01 0.02
0.21 0.10 0.07 0.14 0.04 0.00 0.01 -0.02 -0.16

0.22 0.16 0.09
0.10 0.12 0.07
0.06 0.11 0.03
0.11 0.13 0.07
0.48 0.16 0.02
0.16 0.37 0.00
0.02 0.00 0.09
-0.02 -0.03 -0.04
-0.02 0.16 -0.06
0.00 0.02 -0.01
0.12 -0.05 0.02
-0.05 -0.03 0.02
-0.31 -0.08 0.08

0.03
0.01
0.03
0.02
-0.02
-0.03
-0.04
0.28
0.03
0.09
0.02
-0.04
-0.10

-0.27
-0.07
-0.04
-0.17
-0.02
0.16
-0.06
0.03
0.33
0.09
-0.09
-0.22
0.12

-0.08
-0.04
0.04
-0.09
0.00
0.02
-0.01
0.09
0.09
0.52
-0.06
0.07
0.06
-0.09

-0.11 0.16
-0.04 -0.01
-0.04 0.06
0.10 0.09
0.12 -0.05
-0.05 -0.03
0.02 0.02
0.02 -0.04
-0.09 -0.22
-0.06 0.07
0.22 0.08
0.08 0.44
0.15 0.17

-0.03
-0.02
0.01
0.02
-0.31
-0.08
0.08
-0.10
0.12
0.06
0.15
0.17
1.96

0.21
0.10
0.07
0.14
0.04
0.00
0.01
-0.02
-0.16
-0.09
0.01
0.10
-0.11

0.01 0.10 -0.11 0.25

A Cut abbreviations based on Topside, Silverside, Eye round, Knuckle,
Bavette (flank), Brisket, Chuck tender, Leg of Mutton, Chuck and Neck, and Heel and Shank.

Rump, Striploin, Fillet, Cube roll,



Results

The within breed variation all regions was small (SD 0.2-0.4% of carcass) and between breed
variation was only large for the butt (1.1% of carcass, Fig. 1). It was this finding that guided
the subsequent analysis and interpretation in this paper.
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Figure 1. Variation (SD) in carcass proportions (%) of primal regions for 241 Australian
carcasses from 10 diverse breeds.

The Irish data facilitated calculation of correlated responses in actual units (kg) and
proportions (%) of carcass (Table 2). Selection for increased sweet cuts was expected to

result in similar increases in butt cuts and reduction in blade (foreleg), chuck and neck.

Table 2. Direct and correlated response to selection for 1 SD change in sweet cuts.

Top” Sil Eye Knu Rum Str Fil Cub Bav Bri CT LoM CaN HaS

Kg 094 0.63 041 0.68 0.69 0.59 0.29 0.53 0.02 0.24 0.14 -0.10 -0.25 0.02
% 027 0.18 0.12 0.19 0.20 0.17 0.08 0.15 0.01 0.07 0.04 -0.03 -0.07 0.01

A Cut abbreviations provided with Table 1.

Discussion

With the exception of the butt, even between very diverse breeds there is very little variation
in the proportional cut weights. Judge et al. (2019) reported that the weight of the rump was
19.3kg, Striploin 16.4kg, Fillet 7.2kg and Cube roll 12.5kg. Thus, the sweet or high-priced
cuts totalled 55.4kg or 16% of the mean 348.5kg carcass.

It was understandable that Judge et al. (2019) ran with the positive title about the potential
exists to change primal cut weights. While adjusting for carcass weight and fatness reduced
the genetic variance, there was still significant variance and for most cuts heritabilities
reduced from high to moderate, thus indicating significant potential for gain.

Making a full genetic standard deviation change in any trait is not simple and this is
especially so when profit is a function of many traits. Herein the direct response to selection
for the sweet cuts resulted in gains of 0.290kg for the Fillet to 0.690kg for the Rump (Table
2). However, these only represent 0.08-0.20% which is negligible. Correlated changes in the
other cuts is also negligible (Table 2).



Conclusion

For genetic change in cut proportions to have a significant impact on profit, the premium for
the sweet cuts would have to be substantial. Stating the obvious, if there is no premium, the
changing proportions has no impact. If the price is double (100% premium), then the gain in
carcass value would still only be 0.6%. Even with a 5-fold premium which could be possible
in highly marbled Wagyu, carcass value would only increase by 3%. If all else is equal and
the carcass price is very high, then 3% could be worthwhile. However, for most supply
chains we believe the appropriate conclusion is that changing beef cut proportions through
genetics is really hard and unlikely to result in significant economic benefit.
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