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Abstract

Lean meat percentage (LMP) is the criterion for carcass classification and it must be measured on
line objectively. The aim of this work was to compare the error of the prediction (RMSEP) of the
LMP measured with the following different devices: Fat-O-Meat’er (FOM), UltraFOM (UFOM),
AUTOFOM and -VCS2000. For this reason the same 99 carcasses were measured using all 4
apparatus and dissected according to the European Reference Method. Moreover a subsample of the
carcasses (n=77) were fully scanned with a X-ray Computed Tomography equipment (CT). The
RMSEP calculated with cross validation leave-one-out was lower for FOM and AUTOFOM (1.8%
and 1.9%, respectively) and higher for UFOM and VCS2000 (2.3% for both devices). The error
obtained with CT was the lowest (0.96%) in accordance with previous results, but CT cannot be
used on line. It can be concluded that FOM and AUTOFOM presented better accuracy than UFOM

and VCS2000.

Keywords: pig carcass classification, lean meat percentage, classification devices, X-ray computed

tomography, prediction error, calibration

1. Introduction

Lean meat percentage (LMP) is an important carcass quality characteristic because it is the criteria
for carcass classification. It is measured objectively on line at slaughterhoses using different types
of equipment. Depending on their degree of automation, these devices can be manual devices (for
instance Optical Probe), semiautomatic (for instance, Fat-O-Meat’er -FOM and UltraFOM -UFOM
of Carometec A/S, Herlev, Denmark; Hennessy Grading Probe-HGP of Hennessy Grading System
Ltd., Auckland, New Zealand; Capteur Grass-Maigre-CGM of Sydel Corporation, Lorient Cedex,
France) or automatic (for instance: AUTOFOM and Classification Center-CC of Carometec A/S,
Herlev, Denmark; VCS2000 of e+V Technology GmbH, Oranienburg, Germany; TOBEC of Meat
Quality Inc., Springfield, Illinois, USA). Futhermore, depending on the methodology used to take
the measures the devices can use light reflectance (FOM, HGP, CC), ultrasound (UFOM,

AUTOFOM), electromagnetism (TOBEC) or vision (VCS2000) (Pomar, Marcoux, Gispert, Font i
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Furnols & Daumas, 2008). All devices are calibrated predicting the LMP. The estimation of
calibration parameters are based on a trial conforming to the EU Regulation (Commission
Regulation (EC) 1249/2008). In some non EU countries, the definition of lean content can be
different from that in the EU (Marcoux, Pomar, Faucitano & Brodeur, 2007). The dissection trial in
the EU stipulates the dissection of at least 120 carcasses, which are representative of the country,
following the reference method (Walstra & Merkus, 1995). For the approval of the calibration
equation it is necessary to have an error of prediction (RMSEP) lower than 2.5% (Commission
Regulation (EC) 1249/2008). So the RMSEP is a very important parameter for knowledge of the
accuracy of the different devices. The RMSEP varies depending on the device and the country, and
has values from 1.6% to 2.45% (Brgndum, Egebo, Agerskov & Busk, 1998; Busk, Olsen &
Brgndum, 1999; Font i Furnols, Engel & Gispert, 2004; Engel, Lambooij, Buist, Reimert &
Mateman, 2006).

Moreover, as a result of the European Project EUPIGCLASS (www.eupigclass.net), Computer

Tomography (CT) and Magnetic Resonance Imaging have arisen as possible reference devices to
calibrate the different types of equipment used on line for pig carcasses classification. The
advantage of these apparatuses is that they can measure the entire carcasses and therefore it is
unnecessary to cut and dissect them, which is hard, difficult and time consuming work.
Furthermore, the RMSEP of these pieces of equipment is very low, varying from 0.6% to 1.7%
(Judas, Horeth & Branscheid, 2007; Christensen & Borggaard, 2005; Font i Furnols, Teran &
Gispert, 2009), although the conditions of the measurements are not the same for all studies. In fact,
in all the cases it is smaller than the errors made by the butchers during the dissection trial, which is
2.0% (maximum difference between butchers) (Nissen et al., 2006) or 1.0% (average error between
butchers) (Judas, 2009).

The aim of this paper was to compare the different devices used to estimate the lean meat

percentage of pig carcass.

2. Materials and methods

2.1. Carcass sampling and dissection
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A trial was carried out in Spain to obtain prediction formulas for the estimation of the lean meat
percentage of pig carcasses with Fat-O-Meat’er (FOM), UltraFOM (UFOM), AUTOFOM and
VCS2000 equipments, and to achieve authorization for them from the Management Committee of
the Common Organisation of the Agricultural Markets. The selection of the carcasses (n=156) was
carried out at one slaughterhose (Patel S.A.U) following the fat thickness national distribution
(Gispert & Font i Furnols, 2007). These carcasses were transported to IRTA-CENTA facilities in
Monells (Girona) in refrigerated conditions and manually dissected according to the European
Simplified Reference Method (Walstra & Merkus, 1995), within 48 h post mortem. From the
dissection the dissected lean meat percentage (LMPO089) was calculated according to the

Commission Regulation (EC) 1249/2008 as:

LMPOS9 (%) = 0.89 Y lean(ham, loin, belly, shoulder ) + tenderloin
0) = U. .

3" weight(ham, loin, belly, shoulder , tenderloin)

A subsample of 99 of these carcasses was measured with the four pieces of equipment and was used
for the following calculations. The rest of the carcasses had incorrect measurements for one or more
than one of the pieces of equipment (i.e. device did not work, bad contact device-carcass, error with
a camera, error with the images, etc.). The sample used in this work consisted of 12% of lean
carcasses (fat thickness less than 12 mm), 63% of medium carcasses (fat thickness between 12 mm
and 17 mm) and 25% of fat carcasses (fat thickness higher than 17 mm). Moreover, 20% were
carcasses from castrates, 43% from females and 37% from entire males. The subsample used in the
present work is representative of the Spanish pig population for fat thickness (16%, 64% and 16%
for lean, medium and fat groups) and sex (20% castrates, 50% female and 30% entire) although this

was not necessary for the comparison of the different devices.

2.2. Measurements on line

AUTOFOM was the first piece of equipment which completely automatically measure the
carcasses. It was installed behind the dehairing machine and it scanned the entire body. The
AUTOFOM measured 127 variables related to different fat and muscle thickness. Then the

carcasses were eviscerated and split and in close proximity to the weighing point two trained
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operators measured them first with FOM and then with UFOM, thus avoiding that the pressure
applied with UFOM to the carcass affected the FOM measurement. FOM measured the fat depth
and muscle thickness between the 3rd and 4th last ribs and at 6 cm of the midline because this is the
point of measurement stipulated for this device by the Spanish official equation. The UFOM,
following the equipment instructions, measured fat depth and muscle thickness between the 3rd and
4th last ribs and at 7 cm of the midline. Finally the VCS2000 equipment carried out the
classification of the carcasses automatically. VCS2000 is a vision system that measure different fat
depths, muscle thickness, areas and ratios between them (total 330 variables), in the interior part of

the half carcass.

2.3. Scanning with the computer tomography equipment

A subsample of these carcasses (n=77), distributed by fat thickness and sexes as in the previous
one, were scanned with the computed tomography equipment (General Electric, HiSpeed Zx/I)
located at IRTA-CENTA in Monells (Girona). The scanning parameters were 140 kV, 145 mA,
matrix of 512x512, displayed field of view between 460 and 500 and reconstruction algorithm
STD+. From the obtained DICOM images the volume associated to each Hounsfield attenuation
value as explained in Font i Furnols et al. (2009) was calculated. The new legislation (Commission
Regulation (EC) 1249/2008) allows the use of dissection with a CT apparatus, as well as the manual
dissection method. For the present work, some carcasses were scanned with CT in order to prepare

the equipment to replace manual dissection in future studies.

2.4. Statistical analysis

For FOM and UFOM the multivariate regression was carried out with the REG procedure of SAS
(SAS Institute Inc., Cary, NC, USA). The LMP089 was estimated by means of linear combinations
of on-line measurements (fat depth and muscle thickness). The root mean square error of prediction
(RMSEP) obtained with leave-one-out procedure was calculated by means of the PRESS statistic as

described in Causeur et al. (2003) and Engel et al. (2006).



117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

For AUTOFOM and VCS2000, since there are many highly correlated on line measurement used as
prediction variables, a more robust parameter estimation is obtained using Partial Least Square
Regression (PLS), a multivariate technique used in this kind of data (Brendum, Egebo, Agerskov &
Busk, 1998; Engel et al., 2006). PLS procedure of SAS was used, LMP089 was the dependent
variable and the different variables of the equipment were used as prediction variables. Due to the
large amount of variables for both pieces of equipment (127 for AUTOFOM and 330 for VCS2000)
a selection was carried out by means of a SAS macro (Judas & de Smet, 2008). To calculate the
RMSEP with leave-one-out procedure another SAS macro was used (Causeur et al., 2003).

For the CT data the PLS procedure of SAS was used (Tobias, 1995). LMP089 was the dependent
variable and the volume associated to attenuation Hounsfields values from -100 to +120 were used
as independent variables because this range of variables provides good results as explained in Font i
Furnols et al. (2009). The RMSEP with leave-one-out procedure was calculated with a SAS macro
(Causeur et al., 2003).

When PLS technique was used the number of extracted factors was presented because a low value
of these factors is important in order to avoid over-fitting. Moreover, for each device the regression
between the predicted and the dissected LMP089 was obtained and the correlation coefficient (R?)

was calculated.

3. Results and discussion

The present work compared four different classification devices which evaluated the same 99
carcasses.

Table 1 shows the RMSEP obtained from the different devices and other parameters related to the
prediction equation. It could be seen that the smaller RMSEP corresponded to the LMP prediction
with CT that also presented the highest R%. However, CT is a type of equipment that, for the
moment, cannot be used on line. Nevertheless, due to the low CT prediction error, which has been
reported previously (Font i Furnols et al., 2009; Judas et al., 2007; Picouet, Teran, Gispert & Font i

Furnols, submitted for publication) this equipment can be used as a reference method. In fact, recent
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changes in legislation allow using CT as a reference method (Commission Regulation (EC)
1249/2008).

It is important to compare the different devices that can be used on line at the slaughterhouses for
the classification of pig carcasses because there are important differences between them in terms of
prediction error, although all of them fulfil the EU legislation (prediction error lower than 2.5%).
Even though FOM is not fully automatic and only measures one fat depth and one muscle thickness,
its RMSEP (1.8%) is smaller than the others. AUTOFOM also presented a low prediction error
(1.9%), measuring 127 variables (42 of them used in the prediction equation). The highest
prediction error corresponded to the VCS2000 (75 out of 330 variables included in the prediction
equation) and UFOM (2 variables, one fat depth and one muscle thickness) devices (2.3% for both
devices). When the R? was studied it could be seen that FOM and AUTOFOM presented the highest
values (0.77 and 0.78, respectively), UFOM the lowest value (0.64) and VCS2000 an intermediate
value (0.70).

FOM prediction error found in this work was higher than those obtained by Gispert and Diestre
(1994) (1.6%) but lower than the error found by Allen and McGeehin (2001) (2.2%), Brgndum,
Egebo, Agerskov and Busk (1998) at a study in Germany and the USA (2.0% and 2.4%,
respectively), Font i Furnols et al. (2004) (between 2.2% and 2.3%) and Fortin, Jones and Haworth
(1984) (between 2.3% and 2.1%). However, some errors are difficult to compare because in some
studies the RMSE was calculated instead of the RMSEP, and RMSE presents lower values than
RMSEP (Engel et al.,, 2006). Moreover the lean meat percentage definition, pig population
characteristics, butchers’ skills, etc. were not the same in all the studies and could have been
affected the prediction error. For the calculation of the Spanish official prediction equation (LMP=
66.91-0.895*fat thickness + 0.144*muscle depth; Commission Regulation (EC) 11/2009) the
number of carcasses used for the calibration was 150 (the 99 used in this work plus 51 more
carcasses), and the RMSEP and the R? were almost the same (1.8% and 0.75, respectively).

UFOM prediction error of the present work is similar to those reported by Piechocki, Borzuta and
Grzeskowiak (1994) in a study carried out in Poland (2.3% vs. 2.4%). However, Fortin, Tong and

Robertson (2004), when predicting the saleable meat yield with UFOM found a RMSE of 1.7%,
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which is much smaller than those found in the present work. This equipment is based on ultrasound
measurements and for accurate measurements it is very important to have not only a good contact
between device and carcass but also a warm moist carcass surface (Pomar et al., 2009). This can
create an error in the measurements because sometimes carcasses could be insufficiently moist and
this is possibly one of the reasons why the error in this equipment is higher than the error found
with FOM, as both devices use one fat depth and one muscle thickness to predict the LMP. The
Spanish official prediction equation of the LMP with the UFOM (LMP=69.22-1.023*fat thickness
+ 0.116*muscle depth; Commission Regulation (EC) 11/2009) was obtained by means of 145
dissections (the 99 used in this study plus 46 more). The RMSEP was lower (2.1%) and the R?
higher (0.70) than those obtained from the present work with the subsample.

The prediction error obtained with AUTOFOM (1.9%) is somewhat lower than those reported by
Strzelecki, Jomender, Borzuta and Lisiak (1998) and by Gispert, Font i Furnols, Batallé & Diestre
(2002) which was 2.0% in both studies. However it is somewhat higher that those reported by
Fortin et al. (2004) which was 1.7 for the prediction of the saleable meat yield and by Brgndum et
al. (1998) which was 1.6% in a trial carried out in Germany, 1.7% in USA and 1.8% in Denmark.
To obtain the Spanish official prediction equation of the LMP with the AUTOFOM, the number of
carcasses used for the calibration were 135 (the 99 of the present work plus 36 more), and the
RMSEP and R? were slightly higher (2.0% and 0.81%, respectively).

VCS2000 presented a higher prediction error than AUTOFOM and FOM. In disaccordance with
our results, Branscheid, Horeth, Baulain, Tholen and Dobrowolski (2004) did not find important
differences in the prediction error between AUTOFOM and VCS2000. VCS2000 is influenced by
the splitting of the carcass because it measures the interior part of half a carcass. However, for the
present trial, only well split carcasses were used. Engel, Lambooij, Buist, Reimert and Mateman
(2006) found a RMSEP of 2.2% for the VCS2000 equipment when 115 variables were measured
and all of them were included in the equation. The error of prediction found in the present work was
somewhat higher (2.3%) and the number of variables used in the prediction equation, lower (75).

The RMSEP decreased a little to 2.2%, and the R? was the same (0.70) when 135 carcasses (the 99
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of this work plus 36 more) were used for the calibration, in order to obtain the Spanish official

prediction equation of the LMP.

4. Conclusions

The error of prediction of the lean meat percentage depends on the device used for taking the
measurements: FOM and AUTOFOM presented lower prediction error than UFOM and VCS2000.
CT is the most precise equipment but it cannot be used on line. However it is good equipment
which can be used as a reference method for the calibration of the on-line devices as it is allowed by

the EU legislation.

5. Acknowledgements

The authors would like to thank MARM and IRTA for their financial support. We would also like
to thank the slaughterhouse Patel S.A.U. for their help in the carcass selection procedure.
Furthermore we would like to thank the butchers Agusti Quintana, Albert Rossell, Albert Serra,
Quim Matas and Stephan Lescouhier who carried out the dissections, and Reinhard Horeth for his

help in the preparation of the CT protocol.

6. References
Allen, P., & McGeehin, B. (2001). Measuring the lean content of carcasses using TOBEC. Final
report. Project Armis n 4054. Research Report 40. Teagasc. (URL:

www.teagasc.ie/research/reports/foodprocessing/4896/eopr-4896.htm)

Branscheid, W., Horeth, R., Baulain, U., Tholen, E., & Dobrowolski, A. (2004). Schatzung der
Schlachtkdérperzusammensetzung. Fleischwirtschaft 84(2), 98-101.

Bregndum, J., Egebo, M., Agerskov, C., & Busk, H. (1998), On-line pork carcass grading with the
Autofom ultrasound system. Journal of Animal Science, 76, 1859-1868.

Busk, H., Olsen, E.V., & Brgndum, J. (1999). Determination of lean meat in pig carcasses with the

Autofom classification system. Meat Science, 52, 307-314.


http://www.teagasc.ie/research/reports/foodprocessing/4896/eopr-4896.htm

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

252

253

Causeur, D., Daumas, G., Dhorne, T., Engel, B., Font i Furnols, M. & Hgjsgaard, S. (2003)
Statistical Handbook for Assessing Pig Classification Methods: Recommendations from the
“EUPIGCLASS” Project Group. URL:

http://ec.europa.eu/agriculture/markets/pig/handbook.pdf

Christensen, L.B., & Borggaard, C. (2005). Challenges in the approval of CT as future reference for
grading of farmed animals. Proceedings of the 51* International Congress of Meat Science
and Technology, 7-12 August 2005, Baltimore, USA

Commission of the European Communities. (2008). EC Regulation No 1249/2008 of 10 December
2008 laying down detailed rules on the implementation of the Community scales for the
classification of beef, pig and sheep carcases and the reporting of prices thereof. ECOJ Nr.
L337, 3-30.

Commission of the European Communities. (2008). EC Regulation No. 11/2009 of 19 December
2008 authorising methods for grading pig carcases in Spain. ECOJ Nr. L6, 79-82.

Engel, B., Lambooij, E., Buist, W. G., Reimert, H., & Mateman, G. (2006). Prediction of the
percentage lean of pig carcasses with a small or a large number of instrumental carcass
measurements - an illustration with HGP and Vision, Animal Science, 82, 919-928.

Font i Furnols, M., Engel, B., & Gispert, M. (2004). Short communication: Validation of the
Spanish equation to predict the lean meat percentage of pig carcasses with the Fat-o-
Meat’er. Spanish Journal of Agricultural Research, 2, 545-549.

Font i Furnols, M., Teran, M.F., & Gispert, M. (2009). Estimation of lean meat percentage of pig
carcasses with Computer Tomography images by means of PLS regression. Chemometrics
and Intelligent Laboratory Systems, doi: 10.1016/j.chemolab.2009.04.009 (in press).

Fortin, A., Jones, S.D.M., & Haworth, C.R. (1984). A note on the accuracy of the New Zealand
Hennessy Grading Probe and the Danish Fat-O-Meater in measuring fat and muscle
thickness in pig carcasses. Animal Production, 38, 507-510.

Fortin, A., Tong, A.K.W., & Roberston, W.M. (2004). Evaluation of three instruments, CVT-2,
UltraFom300 and AutoFom for predicting salable meat yield and weight of lean in the

primals of pork carcasses. Meat Science, 86, 537-549.


http://ec.europa.eu/agriculture/markets/pig/handbook.pdf

254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

278

279

280

Gispert, M., & Diestre, A. (1994). Classement des carcasses de porc en Espagne: un pas vers
I'hnarmonization communautaire. Techniporc, 17, 29-32.

Gispert, M., Font i Furnols, M., Batallé, J., & Diestre, A. (2002). EI Autofom: nuevo equipo de
clasificacion de canales aprobado en Espafia. Eurocarne, 110, 69-74.

Gispert, M., & Font i Furnols, M. (2007). Evolucidn y situaciéon de la cabafia porcina espafiola.
Eurocarne, 161, 51-62.

Judas, M., Horeth, R., & Branscheid, W. (2007). Computed tomography as a method to analyse the
tissue composition of pig carcases. Fleischwirtschaft International 1/2007, 56-59.

Judas, M. (2009). Rules for the implementation of CT as a reference dissection method. 11 CT
Workshop on the use of Computed Tomography (CT) in pig carcass classification. Other CT
applications: live animals and meat technology, 16-17 April 2009, Monells, Girona, Spain.

Judas, M., & de Smet, S. (2008). Optimierung der Variablen-Selektion fir die PLS-Regression. In:
R.-D. Hilger, N. Heussen, W. Herff, & C. Ortseifen. Proceedings der 12. Konferenz fir
SAS-Anwender in Forschung und Entwicklung (KSFE), (pp. 133-139). Shaker Verlag,
Aachen.

Marcoux, M., Pomar, C., Faucitano, L., & Brodeur, C. (2007). The relationship between different
pork carcass lean yield definitions and market carcass value. Meat Science, 75, 94-102.

Nissen, P., Busk, H., Oksama, M., Seynaeve, M., Gispert, M., Walstra, P., Hansson, 1., & Olsen, E.
(2006). The estimated accuracy of the EU reference dissection method of pig carcass
classification. Meat Science, 73, 22-28.

Picouet, P.A., Teran, F., Gispert, M., & Font i Furnols, M. (2009). Lean content prediction in pig
carcasses, loin and ham by computerized tomography (CT) using a density model. Meat
Science (submitted for publication).

Piechocki, T., Borzuta, K., & Grzeskowiak, E. (1994). The usefulness of classifying instruments
Ultra-Fom and PG-200 for estimation of pork carcasses meatness in Poland, Proceedings of
the 40" International Congress of Meat Science and Technology (S-111, 14), 28 August-2

September 2004, The Hague, The Netherlands.



281

282

283

284

285

286

287

288

289

290

291

292

293

294

295

Pomar, C., Marcoux, M., Gispert, M., Font i Furnols, M., & Daumas, G. (2009). Determining the
lean content of pork carcasses. In: J.P. Kerry & D.A. Ledward, Improving the sensory and
nutritional quality of fresh meat. Woodhead Publishing Limited, Cambridge, UK.

Strzelecki, J., Komender, P., Borzuta, K., & Lisiak, D. (1998). Precision of the lean meat content
estimation with the automatic grading equipment AUTOFOM on Polish pig carcasses,
Proceedings of the 44™ International Congress of Meat Science and Technology (pp. 950-
951), 30 August- 4 September 1998, Barcelona, Spain.

Tobias, R. (1995). An Introduction to Partial Least Squares Regression. In Proceedings of the
Twentieth Annual SAS Users Group International Conference, Cary, NC: SAS Institute Inc.,
1250 -1257.

Walstra, P. & Merkus, G.S.M. (1995). Procedure for the assessment of lean meat percentage as a
consequence of the New EU Reference Dissection Method in pig carcass classification.

DLO_Research Institute of Animal Science and Health (ID-DLO, Zeist, The Netherlands



296
297
298  Table 1. Characteristics of the prediction equation of the lean meat percentage as calculated by the

299  different devices (n=99).

300
Device RMSEP  Number of  Number of R
(%) variables factors

FOM 1.8 2 - 0.77
UFOM 2.3 2 - 0.64
AutoFOM 1.9 42 2 0.78
VCS2000 2.3 75 4 0.70
TC* 1.0 221 6 0.96
*n=77
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