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Introduction 
Carcass evaluation and classification are important to determine carcass market value (Aalhus et al., 
2014). The implementation of new technologies to assess carcass composition is increasingly desired to 
enhance both consistency and accuracy (Leighton et al., 2021). In this sense, whole-side carcass image 
analysis, also known as hot carcass camera (HCC) systems, should be taken into consideration. Such 
systems were designed to work autonomously integrated into the slaughter chain and entail a colour 
camera and a lighting system including structured (striped) light to take conventional images of a split 
carcass. These images are then processed using a software to obtain data such as linear measurements, 
volumes, angles, curvatures, and colours to predict the conformation and fat class of a beef carcass 
(López-Campos et al., 2019). Camera Vision Systems (CVS), and particularly HCC, have been used for the 
estimation of live weight and average daily gain in beef cattle (Cominotte et al., 2020), to predict beef 
carcass merit (Connolly, Cromie, Sleator, & Berry, 2019) and segregate beef carcasses based on their meat 
cut attributes (Pabiou, Fikse, Amer, et al., 2011) as well as for meat quality assessments (Rahman, Iqbal, 
Hashem, & Adedeji, 2020). However, the ability of HCC to estimate beef carcass performance based on 
primal and retail cut yields is still unknown, particularly in youthful beef where carcass fabrication is 
customized to meet specifications of the diverse markets. The present study aimed to evaluate the 
feasibility of HCC to estimate beef primal and retail cut weights of youthful beef using partial least squares 
regression (PLSR). 
 
Material and Methods 
A total of 634 animals (531 steers and 103 heifers) were used in this study. In order to create carcass 
variation, steers were raised under two production systems (239 spring/calf-fed and 292 fall/yearling-
fed), two implant regimens (without or with 200 mg progesterone and 20 mg estradiol benzoate, with 29 
mg of tylosin tartrate, Elanco Animal Health, a Division of Eli Lilly Canada Inc., Guelph, ON) and fed with a 
high-concentrate diets (78% rolled and 22% barley silage) for 100 to 180 days. In turn, heifers were also 
finished with diets typical for Western Canada (i.e. containing 80-90% barley grain on a dry matter basis) 
to be representative of North America commercial cattle (CanFax, 2021). All the animals were cared for 
according to the Canadian Council on Animal Care Guidelines (2009). 
Following slaughter at AAFC-Lacombe RDC federally inspected abattoir, carcasses were dressed, split, and 
weighed (hot carcass weight, HCW, kg). After a final carcass pasteurizing shower, pictures of each carcass 
side were taken using an HCC (whole-side system): VBS 2000 (e+v Technology GmbH, Oranienburg, 
Germany). Raw output data of the images comprised of 165 HCC variables describing linear 
measurements of carcass dimensions, carcass conformation, and colour (Segura, Aalhus, Prieto, Larsen, 
Juárez et al., 2021). The carcasses were then chilled at 2°C for 72 h and left carcass sides were fabricated 
into primal and retail cuts with carcass breakpoints identified following the Institutional Meat Purchase 
Specifications (IMPS) for Fresh Beef Products, Series 100 (USDA, 2014) and NAMI (2022).  
All the statistical analyses were carried out using SAS v.9.4 (SAS Institute Inc., 2014). The primal and retail 
cut weights were included as variables in a PLSR used to generate prediction equations. The number of 
latent variables (LV) that minimise the predicted residual error sum of squares (PRESS) was reported for 
the calibrated PLSR models (López-Campos et al., 2018).  
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Results and Discussion 
In the present study, animal carcass weights were within the range of the North American commercial 
beef carcasses (CanFax, 2021) in terms of dressed HCW (225.0 – 556.6 kg), REA (64.0 – 135.0 cm2), grade 
fat (3.0 – 45.0 mm), retail cut yield (39.8 – 56.0%), lean meat yield (31.6 – 64.8%), and marbling score (290 
– 820). Primal and retail cut percentages were within the range of those previously published by this 
research group (López-Campos et al., 2018) and similar to the current market averages reported in North 
America (Cattlemen's Beef Board, 2018).  
The coefficients of prediction for the primal cut weight estimations ranged between  0.60 for Rib to 0.92 
for Round (Table 1). Pabiou, Fikse, Cromie, et al. (2011), using variables from the HCC system and CCW, 
reported higher R2 values than the present study in the prediction of weights for four commercial value 
cut groups, namely lower (R2 = 0.92), medium (0.86), high (0.93) and very high (0.84).  
In lambs, Rius-Vilarrasa, Bunger, Maltin, Matthews, and Roehe (2009) reported R2 values of 0.97 for leg, 
0.94 for chump, 0.91 for loin, 0.88 for breast and 0.96 for shoulder. In turn, Lorenzo, Guedes, Zdolec, et 
al. (2018) described stepwise k-fold-R2 values of 0.56, 089, 0.53 and 0.76 respectively for lower, medium, 
high and very high value cuts of foal carcasses. 
Concurring with the primal cut estimations, retail cut weight predictions using HCC technology showed, 
overall, promising results (Table 2). In this sense, the chuck retail cuts R2 values of HCC predictions ranged 
from 0.32 for #114F (Clod tender), to 0.94 for #113C (Semi-boneless chuck), whereas the R2 values of the 
retail cuts fabricated from the rib ranged from 0.27 for #112 (Ribeye roll, denuded ribeye) to 0.91 for 
#112A (Boneless lip on, 14 up or down, 2×2). Likewise, R2 values of the retail cuts from the loin ranged 
from 0.38 for #189 (Full Tenderloin) to 0.81 for #184 (Top Sirloin butt, boneless, cap on). Regarding the 
round retail cuts, R2 values ranged from 0.45 for #169C to 0.91 for #161 1. 
Most of the models developed were satisfactory for most of the retail cut weight predictions. 
Nevertheless, some specific retail cuts showed low to moderate (R2 values from 0.32 to 0.45) accuracies 
(e.g. Ribeye roll clod tender, full tenderloin, back ribs; Table 2). Predictions using HCC are carried out by 
means of carcass conformation measurements. Therefore, the low R2 values observed for loin retail cuts 
using HCC may be caused by their low implication on carcass conformation. In fact, Matthews, Pabiou, 
Evans, Beder, and Daly (2022) showed low R2 values for those retail cuts without any pixel involved in the 
HCC carcass conformation. Similar results were reported by Lorenzo et al. (2018) in foals and by Batista et 
al. (2021) in light lamb carcasses. 
Overall, the present results suggest the feasibility of CVS technologies to accurately predict carcass 
performance in terms of primal an retail cuts outputs. The implementation of CVS to predict carcass primal 
and retail performance at early processing stages could benefit beef industry with accurate carcass 
segregation into the subsequent fabrication lines to meet diverse cut specifications of targeted markets. 
 
Conclusions 
Preliminary results of the present study suggest that weights of beef primal cuts from carcasses of 
youthful animals can be potentially predicted by HCC technologies applying partial least square regression 
statistical analysis. Furthermore, retail cut weights predictions showed the potential feasibility of using 
HCC approaches that could benefit the industry by more accurately identifying retail cut performance of 
the carcasses at earlier fabrication stages.  
These results suggest reliable carcass primal and retail cut estimations using HCC variables. These 
predictions could benefit the beef industry with accurate carcass segregations based on fabrication 
performance. Further studies should be performed taking into consideration the diverse functional and 
operational considerations of the beef plants and the different CVS approaches that offer versatility for 
their potential implementation in beef plants.  
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Table 1. Partial least square regression models estimating the weight of primal cuts from whole-side 
computer vision system values. Coefficient of determination (R2), number of latent variables (LV) and 
mean square prediction error (MSPE) are presented for each model. 
 

  n LV R2 MSPE 
Chuck 588 7 0.90 6.239 
Rib 585 8 0.60 5.658 
Loin 587 9 0.85 2.356 
Round 494 9 0.92 2.640 

 
 
Table 2. Partial least square regression models estimating the weight of retail cuts from whole-side 
computer vision system values. Coefficient of determination (R2), number of latent variables (LV) and 
mean square prediction error (MSPE) are presented for each model. 
 

  Retail cut description and specification n LV R2 MSPE 

CHUCK 

114D Top blade (Flat Iron), fat removed 322 5 0.70 0.0365 
NAMI 114E Clod Heart (Arm roast) 410 9 0.78 0.0957 
114F Clod Tender 249 2 0.32 0.0058 
113C Semi-Boneless Chuck 161 6 0.94 5.953 
CAN 114E Shoulder Clod Arm Roast, blade muscle removed 89 2 0.51 0.9560 

RIB 

112A Boneless Lip On, 14 up or down, 2×2 249 10 0.91 0.1143 
112 Ribeye roll (Denuded Ribeye) 266 3 0.27 0.7887 
109E PS03 Steak Style Rib, 2×2 73 1 0.70 0.4262 
124 Back Ribs 249 2 0.45 0.0210 
107 Oven Ready Ribs 160 5 0.81 0.5090 

LOIN 

174 Short Loin, 1×0 248 6 0.80 0.2724 
184 Top Sirloin Butt, Boneless, Cap On 337 5 0.81 0.1931 
185B Bottom Sirloin Butt, Ball Tips 321 10 0.52 0.0266 
189 Full Tenderloin 89 1 0.38 0.2513 
180 PS02  Striploin, 1×0 73 2 0.73 0.1545 

ROUND 

171 Bottom (Gooseneck) Round, (¼ inch trimmed) 73 4 0.87 0.3044 
167A Sirloin Tip Peeled (Knuckle), Peeled 483 5 0.77 0.1349 
168 Top (Inside), Round, Untrimmed 1 inch 399 7 0.82 0.3547 
161 1 Shank off, Boneless Round 160 6 0.91 1.731 



169C Top (Inside), Round Side Muscle (pectineus) 114 3 0.45 0.0047 
 


