
Abstract
This study was conducted to assess the ability of the VCS2001 (E+V, Oranienburg, Germany) video image analysis system to accurately and precisely predict pork carcass composition. Pork carcasses (N=278) were
selected from a commercial packing plant and chosen to reflect a wide range of variation in weight, Fat-O-Meater (FOM) percent lean, and gender. Carcasses were evaluated three times with the VCS2001, chilled 
overnight, and then fabricated into boneless subprimals. Existing FOM were compared to the VCS2001 for their ability to predict weight and percentage of total carcass lean. The VCS2001 predicted weight of total saleable 
product (R2 = 0.88, RSD = 1.84) and weight of total fat-corrected lean (R2 = 0.92, RSD = 1.66) relatively accurately, even though autocorrelation existed between dependent and independent variables. Weights of bone-in 
ham (R2 = 0.83, RSD = 0.80), bone-in loin (R2 = 0.74, RSD = 1.17), loin lean (R2 = 0.77, RSD = 0.82), belly (R2 = 0.78, RSD = 0.94), sparerib (R2 = 0.55, RSD = 0.28) and boneless shoulder (R2 = 0.73, RSD = 0.79) also 
were predicted with acceptable levels of accuracy and precision. However, the system did not predict yields (percent of hot carcass weight) of total saleable product (R2 = 0.47, RSD = 1.97) or total fat-corrected lean (R2 = 
0.44, RSD = 1.89) as accurately. Predictions of bone-in ham (R2 = 0.45, RSD = 1.13), ham lean (R2 = 0.32, RSD = 1.46), bone-in loin (R2 = 0.29, RSD = 1.36), loin lean (R2 = 0.56, RSD = 0.90), belly (R2 = 0.43, RSD = 
1.08), sparerib (R2 = 0.08, RSD = 0.32), and boneless shoulder (R2 = 0.30, RSD = 0.88) yields all were less accurate than were predictions of subprimal weight. Newly-developed regression equations using VCS2001 
output variables plus hot carcass weight predicted weight of total carcass saleable product (R2 = 0.89, RSD = 1.72) and fat-corrected lean (R2 = 0.93, RSD = 1.55) with small increases in accuracy and precision. Yields of 
total saleable product (R2 = 0.56, RSD = 1.81) and fat-corrected lean (R2 = 0.57, RSD = 1.67) were predicted with a higher degree of accuracy and precision using newly-developed equations compared to existing 
equations. The VCS2001 does not predict pork carcass composition more accurately than existing technology; therefore, further development is required before commercial viability could be obtained.
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Introduction
Accurate estimates of carcass composition are critical to the success of a value-based marketing 

program (Boland et al., 1994). Forrest et al. (1989) indicated that development of computerized, non-
invasive systems, operating at faster chain speeds would enhance the application of optical probes and 
methods which predict lean weight from different areas of the carcass also would greatly improve 
value-based marketing systems. Until recently, the utilization of video image analysis to predict pork 
carcass yield and subprimal yields has not been extensively researched.  The VCS2001 (E+V, 
Oranienburg, Germany) is a fully automatic, carcass evaluation system that incorporates a one-color 
camera to image the internal view of split pork carcasses. The objectives of this study were to 
determine and evaluate the accuracy, precision, and repeatability of predicted pork carcass saleable 
product weights and yields (percent of hot carcass weight) using the E+V video image analysis system.

Conclusions
The VCS2001 can be used to predict weights of saleable product, fat-corrected lean, bone-in ham, bone-

in loin, loin lean, and belly with high levels of accuracy, if hot carcass weight is included as a predictive factor. 
VCS2001 is similar to FOM for predicting weight of total saleable product and fat-corrected lean.  Combining 
use of VCS2001 with that of FOM, in industry, would be advantageous because FOM could provide an 
estimate of percent carcass lean on those carcasses for which the VCS2001 cannot obtain appropriate visual 
images (i.e., due to bad splits, carcasses swinging, or carcass trimming).  In this study VCS2001 was not 
sufficiently repeatable in predicting saleable product yields  in order for the camera to be used as a value-
determining tool.  The VCS2001 does not predict pork carcass saleable lean more accurately or repeatably than 
existing technology; therefore, further development is needed to assure commercial viability of this instrument.
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Repeatability
Repeatability of VCS2001 estimates of percent carcass lean, measured via calculated mean absolute difference, 
demonstrated that between repeated measurements of each carcass, there is a 0.46% difference (standard 
deviation ± 0.48%) in average estimated percent lean. This system, therefore, would produce carcass lean 
estimates that are, on average, 0.46% different from the average predicted percent carcass lean, and as much as 
1.42% (± 2 standard deviations) from the average predicted carcass lean, 95% of the time. Using the least 
squares analysis of variance components for repeatability, differences among carcasses were responsible for 
91.85% of the observed variability in percentage of percent carcass lean in the sample population and 8.15% of 
the variation was explained by variability in VCS2001 readings. 

aLess than 81.7 kg; b81.7-86.2 kg; c86.3-90.7kg; dGreater than 90.7 kg; eNumber of carcasses per subclass.
278 (N)4828293039392837Total

54147993336>57.5%

5913899383655.1-57.5%

58856851061052.6-55%

5786321399750-52.5%
50522215978e<50%

Overall population4d3c2b1a4d3c2b1aFOM percent lean
GiltsBarrows

Table 1. Experimental design: Number carcasses by gender, carcass weight, and percent lean subclasses.

Carcass lean definitions
• “Total saleable product”: sum of closely-trimmed (0.32-cm and denuded) primals and subprimals.
• “Fat-corrected lean”: boneless, denuded, and lean components of the carcass, adjusted to 100% 
lean.

Subprimal definitions
• “Bone-in ham”: skinned, 0.64 cm trimmed ham  (IMPS 401) .
• “Ham lean”: outside ham, inside ham, knuckle, and light butt, and ham trimmings, dark butt, 
tenderloin tip, flank, and inside shank, adjusted to 100% lean. 
• “Bone-in loin” 0.64 cm trimmed loin (IMPS 410).
• “Loin lean”: tenderloin, boneless sirloin and denuded loin, and loin trim, adjusted to 100% lean. 
• “Belly”:  boneless, skinless belly and belly trimmings, adjusted to 100% lean.

Statistical Analysis
• Variable selection was performed using forward, stepwise, and backward selection in SAS (SAS 
Inst. Inc., Cary, NC).  
• Model selection was evaluated using R2 values for accuracy, root mean square error (RMSE) 
values for precision, predicted residual sum of squares (PRESS) statistics, and Mallow’s C(p) statistics.
• Repeatability was analyzed using least squares analysis of variance components, and mean absolute 
difference also was calculated as a method for determining repeatability of the VCS2001.

Existing VCS2001 variables with new β-coefficients and HCW0.80--0.83Bone-in ham
HCW, fat depth (mm), VCS2001 output variables0.720.7650.86

HCW, fat depth (mm), loin depth (mm), VCS2001 output 
variables1.130.6250.76

Existing VCS2001 variables with new β-coefficients and HCW1.17--0.74Bone-in loin

HCW, fat depth (mm), loin depth (mm), VCS2001 output 
variables1.380.8750.95

FOM (HCW, fat depth (mm), loin depth (mm))1.530.8540.93

Existing VCS2001 variables with new β-coefficients and HCW1.66--0.92Fat-corrected lean

HCW, fat depth (mm), loin depth (mm), VCS2001 output 
variables1.620.7740.91

FOM (HCW, Fat depth (mm), Loin depth (mm)1.770.7740.88

Existing VCS2001 variables with new β-coefficients and hot 
carcass weight (HCW)1.84--0.88Saleable product
Variables in the modelRMSEPartial R2 HCWR2Dependent Variable

Table 2. Independent variables, R2, and root mean square error (RMSE) values for regression equations 
developed to predict weight of saleable product, fat-corrected lean, bone-in ham, and bone-in loin from existing 
VCS2001 variables, FOM estimates, and newly-developed and current VCS2001 variables, with FOM estimates. 

Results and Discussion
Current VCS2001 equations can adequately predict weight of total saleable product, fat-corrected 

lean, bone-in ham, and bone-in loin. The Fat-O-Meater (FOM) was comparable to VCS2001 variable equations 
and newly-developed prediction equations with FOM estimates. The partial R2 values for hot carcass weight 
(HCW) indicated strong weight to weight relationships (Table 2).

HCW, loin depth (mm),  VCS2001 output variables1.000.51
Existing VCS2001 variables with new β-coefficients and HCW1.080.43Belly

Fat depth (mm) and VCS2001 output variables0.810.40
Shoulder Existing VCS2001 variables with new β-coefficients and HCW0.880.30

Fat depth (mm), loin depth (mm), and VCS2001 output variables0.780.67
Existing VCS2001 variables with new β-coefficients and HCW0.900.56Loin lean

Fat depth (mm), loin depth (mm), and VCS2001 output variables1.310.35
Existing VCS2001 variables with new β-coefficients and HCW1.360.29Bone-in loin

Fat depth (mm), and VCS2001 output variables1.400.37
Existing VCS2001 variables with new β-coefficients and HCW1.460.32Ham lean

Fat depth (mm), and VCS2001 output variables0.980.58
Existing VCS2001 variables with new β-coefficients and HCW1.130.45Bone-in ham

HCW, fat depth (mm), loin depth (mm), and VCS2001 output 
variables1.550.63

Fat-O-Meater (HCW, fat depth (mm), and loin depth (mm))1.690.54
Existing VCS2001 variables with new β-coefficients and HCW1.890.44Fat-corrected lean

HCW, fat depth (mm), loin depth (mm), and VCS2001 output 
variables1.690.61

Fat-O-Meater (HCW, fat depth (mm), and loin depth (mm))1.870.51
Existing VCS2001 variables with new β-coefficients and HCW1.970.47Saleable Product

Variables used in the modelRMSER2Dependent variable
Percent

Table 3. Independent variables, R2, and root mean square error (RMSE) values for regression equations 
developed to predict percentage of saleable product, fat-corrected lean, bone-in ham, ham lean, bone-in loin, 
loin lean, belly, and shoulder from existing VCS2001 variables, FOM estimates, and newly-developed and 
current VCS2001 variables, with FOM estimates.

The Fat-O-Meater (FOM) predicted percent saleable product and fat-corrected lean with marginal 
increases in accuracy and precision compared to the VCS2001 prediction models. Incorporating FOM 
estimates into the best regression equations with VCS2001 output variables produced similar results to Brady 
et al. (2002) and Cannell et al. (2002) who used a video image analysis system to predict lamb (R2 = 0.62, 
RMSE = 0.021)  and beef (R2 = 0.64, RMSE = 1.41) carcass fabrication yields, respectively. Percent subprimal 
yield predictions were improved when FOM estimates were incorporated into new prediction regression 
equations (Table 3).

• Selected carcasses were side railed and recirculated 
passed the VCS2001 twice more, for repeatability 
analysis.
• Carcass data was collected for descriptive purposes 
following  24-hour chilling.
• Carcasses were then sequentially fabricated into 
boneless subprimals, and all fat, bone, and resulting 
subprimals were weighed, and weights recorded.

• Eleven samples were collected individually for fat analysis during fabrication (jowl, neck bone 
trimmings, Boston butt neck portion, picnic cushion, boneless picnic shoulder, 80% loin trimmings, 50% 
loin trimmings, 80% belly trimmings, 50% belly trimmings, dark butt, tenderloin tip, flank, and inside 
shank and 80% ham trimmings), and analyzed using a CEM microwave moisture analyzer.

•Carcasses were selected on-line according to Fat-O-Meater estimated percent lean, gender, and hot 
carcass weight, and imaged using the first video image (Table 1).

Materials and Methods


