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ABSTRACT: Lean Meat Percentage (LMP) is a key index for assessing pork carcass quality as well as determining
carcass classification and price. This framework offers farmers the incentive to achieve the desired organoleptic fea-
tures; therefore, LMP must be measured objectively online, by means of various measuring instruments. The aim of
this work was to assess two different methods for predicting the lean meat percentage of pig carcasses in Greece in
comparison to the European reference method. For this reason, 130 pig carcasses (65 males and 65 females) were mea-
sured using two prediction devices (Optiscan-TP and Optigrade-MCP) and subsequently were assessed according to
European reference method. A formula corresponding to each device was constructed using the ordinary least squares
(OLS) method and excluding the same outliers. Calculated RMSEP (Root Mean Square Error of Prediction) for all
130 carcasses was 2.46518 for Optiscan-TP and 2.48489 for Optigrade-MCP. It can be concluded that both methods
perform entirely according to EU legislation (Commission Regulation (EC) 1249/2008, European Union, 2008), and
results obtained are similar regardless of different measurement points and technologies.

Keywords: pig carcass grading; lean percentage prediction; multiple linear regression

Abbreviations: LMP, lean meat percentage; OLS, ordinary least squares; PLS, partial least squares

Corresponding Author:

V. Dotas, Department of Animal Production, Faculty of Agriculture, School of
Agriculture, Forestry and Natural Environment, Aristotle University, Thessaloniki,
Greece

E-mail address: vdotas@agro.auth.gr

Date of initial submission: 24-10-2021
Date of acceptance: 12-03-2022



4914 V.SCHINA, V. DOTAS, D. GOURDOUVELIS, I. KAIMAKAMIS, I. MITSOPOULOS, G. TSAKANIKAS, V. BAMPIDIS

INTRODUCTION
As a biological material, meat is innately vari-
able, so the twin objectives of efficiency and
consistent quality are challenging. The development
of practical and reliable solutions has occupied the
meat industry and meat scientists for many years and,
while there have been advances in the area (Delga-
do-Pando et al., 2021), there is still much room for
improvement. Carcass Lean Meat Percentage (LMP)
is an important quality index, which is determined
online at slaughterhouses by means of various mea-
suring instruments. Carcass classification according
to SEUROP scheme sets the price of the carcasses in
the majority of EU slaughterhouses; therefore, LMP
is the basis for farmers’ revenue and pork meat market
organization. The classification of pigs in the EU is
based on an objective assessment of the carcass con-
tent of lean meat after slaughter. As this is a costly
process, due to the carcass destruction, prediction is
much sought.

Worldwide, several techniques exist for analyzing
pig carcasses using non-destructive methods includ-
ing the two-points (Zwei Punkte, ZP) method, light
reflectance, ultrasound imaging (US), dual-energy
x-ray absorptiometry (DXA), magnetic resonance
imaging (MRI), and computer tomography (CT).
The two-points (Zwei Punkte, ZP) method was pro-
posed by Pfeiffer and Falkenberg (1972) and is based
on measurement of fat depth over the m. gluteus me-
dius (point 1) and on measurement of muscle thick-
ness from the anterior edge of the m. gluteus medius
to the dorsal side of the spinal column (point 2). All
measurements are made at the left carcass side. The
light reflectance measures fat and muscle depth cor-
responding to the penetration point in the left carcass
side. Measurements occur by exploiting the different
reflectance recorded when a beam of infrared light is
introduced into the various tissues. The amount of re-
flected light is superior when the probe passes adipose
tissue to when it crosses muscular tissue (Hulsegge
and Mercus, 2010). The ultrasound method is based
on the different interaction of ultrasound with the dif-
ferent tissues of a carcass and with the separation sur-
faces, as well as the reflection of the sound towards the
source of sound waves (Halliwell, 2010). The dual-en-
ergy x-ray absorptiometry and the computer tomogra-
phy are based on the measurement of the attenuation
of the X-rays that penetrate the carcass. Attenuation
is defined as the measure of the ability of a tissue to
absorb the photons of the rays (Picouet et al., 2010).
The MRI is based on the properties of hydrogen atoms

(protons) to orient the axis of rotation of their magnet-
ic moment when a strong magnetic field is applied and
return to their original state by emitting energy in the
form of radio waves (Baulain, 2013). Devices used in
slaughterhouses can be manual, semi-automatic or au-
tomatic, and measurements based on different technol-
ogy as described above. All devices are calibrated for
predicting the LMP in different countries (Font i Four-
nols and Gispert, 2009). The estimation of calibration
parameters is based on a trial conforming to EU leg-
islation (Commission Regulation (EC) 1249/2008,
European Union, 2008). 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 and Merkus, 1995).

In order to develop a reference method in the EU,
amajor test was carried out in 1990-1991, as reported
by Cook and Yates (1992). In this test, only four basic
pieces of the carcass are cut (leg, shoulder, loin and
belly), representing 75% of the striated muscle tis-
sue. After much discussion on the calculation of lean
meat content from the elements of the new EU cutting
method, a compromise was reached on the definition
of this new criterion. The new lean meat content and
cutting method are briefly described by Council Reg-
ulation (EEC) No 3127/94 (European Union, 1994)
and then in details by Walstra and Merkus (1995).

For the approval of the calibration equation, it is
necessary to achieve a Root Mean Square Error of
Prediction (RMSEP) lower than 2.5% (Commission
Regulation (EC) 1249/2008, European Union, 2008).
So, RMSEP is a very important parameter for the as-
sessment of the accuracy of different devices. RMSEP
varies depending on the device and country, and is
calculated from 1.6% to 2.5% (Brendum et al., 1998;
Busk et al., 1999; Font i Furnols et al., 2004; Engel et
al., 2006).

The aim of the current study was the comparative
assessment of two different methods, using the devic-
es Optiscan-TP and Optigrade-MCP, for predicting
the lean meat percentage of pig carcasses in Greece
in relation to the European reference method and to
determine whether the results obtained are similar
regardless of different measurement points and tech-
nologies.

MATERIALS AND METHODS

Lean meat measurement devices
The measurements were made using the two de-
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vices Optiscan-TP and Optigrade-MCP. The Opti-
scan-TP (Classpro Gmbh, Sielenbach, Germany) is a
device equipped with a digital image scanner, which
takes an illuminated photo of the area of the two mea-
surement points on the carcass. The first point refers
on measurement of fat depth over the m. gluteus me-
dius, and the second point on measurement of muscle
thickness from the anterior edge of the m. gluteus me-
dius to the dorsal side of the spinal column. The im-
ages are the basis for calculating fat and muscle thick-
ness according to the two-point method (Zwei-Punkte
Messverfahren, (ZP), Pfeiffer and Falkenberg, 1972).
The Optigrade-MCP (Classpro Gmbh, Sielenbach,
Germany) is a device which encompasses an opto-
electronic probe using light reflection to measure fat
and muscle depth corresponding to the penetration
point. Measurements occur by exploiting the different
reflectance recorded when a beam of infrared light is
introduced into the various tissues. The amount of re-
flected light is superior when the probe passes adipose
tissue to when it crosses muscular tissue (Hulsegge
and Mercus, 2010). The device has a 6 mm diameter
optical probe, a Siemens infrared photo-diode as well
as a Siemens photo-triode (Siemens A.G., Germany),
and can measure values ranging from 0 to 110 mm
(Hulsegge and Mercus, 2010).

In addition, the Henessy Grade Probe4 (HGP4)
device (Henessy Technology, New Zealand) was used
for the measurement of the subcutaneous fat of the
carcasses and their classification, which was approved
for Greece by the Commission Regulation 642//2010
(European Union, 2010). The device is equipped with
a 5.95 mm optical probe (and 6.3 mm at the blade at
the end of the probe), which includes a light diode
Siemens LED type LYU 260-EO (Siemens A.G., Ger-
many) and a Silonex SLCD-61N1 type photodetector,
with an operating range between 0 and 120 mm.

Experimental design and pig carcasses

A total of 130 pig carcasses (n = 130, 65
males and 65 females) from 15 different farms
were selected to ensure variability. Farms were
located in Central Macedonia, Thessaly and
Epirus (Greece), with these regions altogether
holding 51.80% of national pig production (Hel-
lenic Ministry of Agricultural Development and
Food, 201; New Federation of Pig Associations
of Greece, 2017), and were selected so that the
sample represents the national population in the
best possible way according to Commission Reg-

ulation (EC) 1249/2008 (European Union, 2008).
In particular, given that in the regions of Central
Macedonia, Thessaly and Epirus there are 48, 57
and 55 pig farms, respectively, a total representa-
tive sample of 15 farms was distributed equally
in the 3 regions (5 farms per region or about 10%
per region). From each farm 10-12 fattening pigs
were taken for slaughter and from the resulting
carcasses 8-10 were selected according to the cri-
teria that follow below.

Effort was made to obtain three classes of car-
casses, regarding both weight and fat thickness, but
it was difficult to have extreme values, due to the
small number of available carcasses. The sampling
procedure was determined by the gender, weight and
thickness of the subcutaneous fat of carcasses. Re-
garding gender, the distribution was made equally
in both genders. Regarding the weight, the carcasses
were divided into 3 categories in those with weight
<80.9 kg, those between 80.9-89 kg and finally those
with weight >89 kg. Carcasses based on subcutaneous
fat thickness were also divided into 3 categories with
subcutaneous fat thickness <11 mm, between 11-17
mm and >17 mm.

All pigs were slaughtered at a slaughterhouse lo-
cated at Foustani Pella in the region of Central Mace-
donia, Greece. Usually, about 10-12 pigs from a sin-
gle farm were transferred to the slaughterhouse, and
finally 8-10 of them were selected and dissected each
week according to the European reference method.

According to Regulation 1234/2007 (European
Union, 2007), carcass is the whole body of a slaugh-
tered animal as presented after bleeding, evisceration
and skinning. It is noted, however, that in the 130 car-
casses used in the present study the skin had not been
removed. Carcasses and half-carcasses are presented
without the tongue, the hairs, without the organs con-
tained in the thoracic and abdominal cavities with or
without the kidneys, the kidney fat and the pelvic fat
and without the sexual organs and the attached mus-
cles and without the udder or the mammary fat. Car-
casses improper bisected or showing abscesses, bone
fractures, haematomas and extensive bruising were
discarded. After selection, carcasses were weighed
and transferred in a separated room providing ade-
quate measurement conditions.

All trial carcasses corresponded to the standard
presentation according to EU legislation. Sampling
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procedure was stratified, comprising a wide range of
carcass weights and lean contents (Fortin et al., 2003)
in accordance with the following criteria:

1. Sex: 50% female (65 carcasses) and 50% male
(65 carcasses) were used for the trial.

ii. Weight: The fattening pigs used for the trial had
a live weight (LW) between 70-120 kg, in order to
represent the Greek market conditions. None of the
pigs in the sample weighed less than 70 kg (LW) and
only 4 pigs weighed more than 120 kg (LW). Cor-
respondingly, trial carcasses had a (warm) carcass
weight (CW) between 49.4-103.8 kg.

iii. Back-fat thickness: Back-fat thickness (includ-
ing skin) has been measured with HGP, device, at 6
cm laterally from the carcass split line and between
the 3™ and the 4™ ribs, counting from the last rib (6
cm ¥ LR). Three (3) back-fat thickness classes were
created; <11 mm, 11-17 mm and >17 mm. The actual
distribution of carcasses based on the back-fat thick-
ness in the 3 classes is shown in Table 1 and Figure 1.
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Figure 1. Distribution of trial carcasses (n=130) according
to fat depth at 6 cm % LR

Lean meat measurements with the method of imag-
ing and reflection

Fat and muscle thickness of selected carcasses
were first measured using Optiscan-TP (Classpro

Gmbh, Sielenbach, Germany) which is an electronic,
non-invasive classification device based on ZP meth-
od. Fat thickness - including rind - was measured (in
mm) at the point of minimum thickness of visible fat
covering the m. glutaeus medius, and muscle thick-
ness at the shortest connection between the front (cra-
nial) end of m. glutaeus medius and the upper (dorsal)
edge of the vertebral canal as shown in Picture 1 (left).

The second set of measurements was taken using
the Optigrade-MCP (Classpro Gmbh, Sielenbach,
Germany) device that uses light reflection. Back-fat
thickness (including skin) and m. longissimus dorsi
depth was measured with the device, at 7 cm laterally
from the carcass split line and between the 2™ and
the 3" ribs, counting from the last rib (7 cm % LR),
as shown in Picture 1 (right). All measurements were
performed on the left half of the carcasses, while it
was still warm.

Lean meat measurements according to the Europe-
an reference method

Immediately after measurement completion, pig
carcasses were refrigerated. Cold carcasses were
weighed and subsequently cut and dissected within 48
h post-mortem, according to the EU reference method
(Walstra and Merkus, 1995). The dissection team con-
sisted of four well trained butchers supervised by a
member of the research team. Twelve (12) primal cuts
were made in the left carcass side and 12 pieces were
obtained (leg, loin, neck, head & cheek, front shank &
front foot, hind sank and hind foot, tenderloin, shoul-
der, jawl, belly, ventral part of belly and “to ventral
part of belly”). All pieces were weighted using a cal-
ibrated scale with an accuracy of 5 g and dissection
data were recorded in the special form (Picture 2).

At the beginning of the cutting process, the fillet
was detached with a cross section just before the head
of the pubic symphysis, removed from the carcass and
weighed. Only the four main sections were complete-
ly dissected. That means that further dissection was
performed for the total separation of different tissues
(muscle, inter-muscular fat, subcutaneous fat includ-
ing skin, and bones) from leg, loin, shoulder, and
belly. Fat is found in the subcutaneous tissue, which

Table 1. Distribution of trial carcasses (n=130) according to fat depth at 6 cm % LR.

Back-fat 6 cm % LR Target % Actual % Actual Number Actual Percentiles - 130 carcasses
<11 mm 25 % 20,00 % 26 Percentile 25: 11,65 mm
11-17 mm 50 % 60,00 % 78 Percentile 50: 13,70 mm
>17 mm 25 % 20,00 % 26 Percentile 75: 16,20 mm
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Picture 1. Measurement points using Optiscan-TP and Optigrade-MCP

Picture 2. European reference method of dissection (Walstra and Merkus, 1995)

includes the skin and the one between the muscles.
However, during the dissection, the remaining pieces
arose. The neck and the head weighed together, the
forearm, the tibia, the sternum, the umbilicus and the
groin. For the leg preparation, the carcass was placed
on the anatomical bench with the skin side down and
stretched. The leg was separated from the loin and the
abdomen with a straight incision at a right angle to
the longitudinal axis between the last and penultimate
lumbar vertebra, usually between the 5th and 6th lum-
bar vertebrae. The triangular part of the groin was re-
moved and the leg remained. For the shoulder prepa-
ration, the head was first separated from the body by
a straight section almost at right angles to the longi-
tudinal axis between the os occipitale and the atlas.
The scapula bone was removed with a round incision,

following the natural boundaries. For the loin prepa-
ration, the neck was separated from the loin between
the 4th and 5th thoracic vertebrae at a right angle to
the spine. The incision line between the neck and the
loin meets the urethral incision of the scapula. For the
belly preparation, the sternal region was separated
from the belly by an incision between the 4th and 5th
ribs, following the line of the ribs. The umbilical cord
was separated from the belly by an incision starting 4
cm essentially on the last rib, first in a straight line ab-
dominally and then continuing head-wise along a line
drawn parallel and just back to the line formed by the
nipples. After dissection, LMP (Y) for each carcass
was calculated according to Commission Regulation
(EEC) 1249/2008 (European Union, 2008), by using
the approved formula:
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weight of tender loin = weght of lean meat in the shoulder, loin, ham and belly

Y = 0,89 = 100

weight of tender loin = weight of disseded cuts

Statistical analysis

Guidance and recommendations for the statisti-
cal calculations involved were provided by Causeur
et al. (2006) as well as by EU legislation [Commis-
sion Regulation (EC) 1249/2008, European Union,
2008]. Ordinary Least Squares (OLS) regression and
Partial Least Squares (PLS) regression were used for
the construction of formulas corresponding to Op-
tiscan-TP. Among the equations constructed by the
OLS method, the one with the best predictive perfor-
mance was selected, based on the coefficient R?, the
Root Mean Square Error (RMSE) and the Root Mean
Square Error of Prediction (RMSEP). Equations with
the OLS method for the Optigrade-MCP device were
constructed in a similar way. The one with the high-
est predictive performance was selected from them.
For both equations, the same 10 carcasses with ex-
treme values (outliers) were excluded. Finally, using
120 carcasses, two linear equations were chosen for
the calculation of Lean Meat Percentage from fat and
muscle thickness; one for Optiscan-TP (y,x,x,) and
one for Optigrade-MCP (yg,xlg,ng). It should be noted
that 120 carcasses were used for the calculation of the
RMSE and 130 carcasses for the calculation of the
RMSEP, since according to the European reference
method all the values are included in the calculation
of the RMSEP.

According to the PLS method, it was not possible
to create equations with high predictive performance
and with statistically significant coefficients R? and

RMSERP. For this reason, no equation with this meth-
od was proposed.

RESULTS

The descriptive statistics of carcasses used for the
construction of models (n=120, 60 females and 60
males) are shown at Table 2. The weight of the carcass-
es ranged between 49.4 and 103.1 kg with an average
of 74.239 kg. This parameter highlights the large vari-
ation in the weights of the Greek pig carcasses. The
average of the values concerning the depth of subcu-
taneous fat at the measuring position was 14.08 mm
with limits from 7.00 to 30.80 mm. The depth of the
m. glutaeus medius measured with the Optiscan-TP
device rose in average at 66.13 mm with limits from
55.00 to 86.60 mm. The depth of the m. longissimus
dorsi measured with the Optigrade-MCP device was
on average of 54.51 mm and ranged from 34.00 to
73.20 mm. The percentage of lean meat resulting from
the dissection of the carcasses ranged from 49.85%
minimum to 68.21% maximum, with an average of
60%. The predicted percentage of lean meat with the
Optiscan-TP device ranged from 50.34% minimum to
67.26% maximum, with an average of 60%. The pre-
dicted percentage of lean muscle tissue with the Opti-
grade-MCP device ranged from 45.73% minimum to
65.53% maximum, with average 60%.

Descriptive statistics regarding the three carcass
groups according to back-fat depth at 6 cm % LR are
shown at Table 3. The carcasses with subcutaneous fat

Table 2. Descriptive statistics of carcasses used for model construction (n=120)

Standard

Percentile Percentile

Trial Carcasses (n=120) Mean .. Maximum Median  Mode Minimum
Deviation 75 25
Warm carcass weight - kg 74.239  11.166 _ 103.800  82.150  74.250 82.600  65.125 _ 49.400
Back-fat 6 cm 3/4 LR 1408 3.92 30.80 1585  13.50 1240  11.60 7,00
Optiscan-TP Fat- mm (x) 1473 441 26.10 1750 1410 1220  11.18 5.90
Optiscan-TP Meat - mm (x,)  66.13 5.97 86.60 69.73  67.00 5510 6225 55.00
g(pt)lgrade'MCP Fat - mm 13.40 4.61 33.00 1570  12.80  12.80 9.90 5.90
1g 8
8pt)lgrade'MCP Meat-mm 5, 5 45 7320 5955 5460 58.80  48.98 34.00
2.
Reference LMP % 60.00 4,03 68.21 6333 6047 6249  57.20 49.85
: o
?;f?;‘;ted LMP % Optiscan- ¢ 60 350 6726 6252 6055 5034  57.58 50.34
- 0
Predicted LMP % 60.00 334 65.53 6245 6052  59.18  58.32 45.73

Optigrade-MCP (y.)
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Table 3. Descriptive statistics of carcasses used according to back-fat depth at 6 cm % LR

Carcasses used (n=120) Count Column N %
< 11mm 24 20,00%
Back-fat Depth 11-17 mm 75 62,50%
>17 mm 21 17,50%
Mean Stal}da.rd Maximum Percentile Median Percentile Minimum
Deviation 75 25
Warm Carcass weight - kg 65542 | 8.159 | 90.000 | 70.550 | 64.000 | 60.375 | 49.400
Back-fat 6 cm 3/4 LR 9.52 1.10 10.80 10.30 9.80 8.90 7.00
Optiscan-TP Fat - mm (x,) 10.00 1.86 13.90 11.03 9.95 8.68 5.90
Optiscan-TP Meat - mm (X,) 65.67 6.67 86.60 68.95 67.30 61.58 55.10
Optigrade-MCP Fat - mm (x,) | 8.8 1.70 12.80 9.90 9.05 7.85 5.90
. gpt)lgrade'MCP Meat - mm 52.13 7.13 66.40 5745 | 5140 | 46.10 36.20
= [Reference LMP % 64.22 1.94 68.21 6530 | 6398 | 6278 61.56
V : 0, H _
5 fyr;d“’ted EMP9% Optiscan-TP | 6369 | 179 | 6726 | 6504 | 6376 | 6233 60.55
~ - -
Q | Predicted LMP % Optigrade-
| Mcp () 63.14 1.35 65.53 64.14 | 63.15 | 6246 59.38
Warm Carcass weight - kg 74.673 10.315 103.800 81.750 | 75.300 67.050 52.600
Back-fat 6 cm 3/4 LR 1376 | 1.66 17.00 1530 | 13.60 | 12.40 11.00
Optiscan-TP Fat - mm (x,) 14.63 3.16 22.10 1720 | 1430 | 12.15 8.30
Optiscan-TP Meat - mm (x,) 66.42 5.89 76.60 7020 | 6740 | 62.80 55.00
Optigrade-MCP Fat - mm (x,) | 12.88 2.56 19.50 1460 | 1280 | 11.15 7.90
g g(pt)lgrade'MCP Meat - mm 55.63 7.66 73.20 50.80 | 55.40 | 5025 41.10
~ | Reference LMP % 60.10 3.05 66.22 6254 | 5972 | 57.67 53.39
= i % Opliscan-
= f}f)edmed LMP % Optiscan-TP | - 5 1, 2.38 64.16 6207 | 60.53 | 58.14 54.68
% Predicted LMP % Optigrade-
Q
| mcp i) 60.44 1.87 64.82 6179 | 6046 | 5935 55.36
Warm Carcass weight - kg 82.629 | 10308 | 100.100 | 88.700 | 82.600 | 76.600 | 54.100
Back-fat 6 cm 3/4 LR 20.41 3.50 30.80 2220 | 19.00 | 18.00 17.40
Optiscan-TP Fat - mm (x,) 20.48 3.66 26.10 2420 | 2040 | 17.60 14.10
Optiscan-TP Meat - mm (x,) 65.58 5.61 77.00 68.30 66.40 62.50 55.20
Optigrade-MCP Fat - mm (x,) | 2042 | 4.62 33.00 2260 | 1880 | 17.70 15.70
. 8pt)lgrade'MCP Meat - mm 5327 | 683 63.00 | 5830 | 5470 | 50.60 34.00
Z [Reference LMP % 54.85 2.99 60.39 56.94 | 5540 | 5277 49.85
— . 0 . .
g fyrfd“’ted LMP% Optiscan-TP | 5537 | 304 60.79 | 5820 | 5491 | 5291 50.34
% Predicted LMP % Optigrade-
Q
2 McP i) 54.85 3.33 58.35 57.09 | 5628 | 52.59 45.73

thickness <11 mm had an average weight of 65.542
kg. The measurements of the percentage of lean meat
with the European reference method had an average
of 64.22%, while with the Optiscan-TP device it was
63.69%, and with the Optigrade-MCP device 63.14%.
The carcasses with subcutaneous fat thickness 11-17
mm had an average weight of 74.673 kg. The mea-
surements of the percentage of lean meat with the
reference method had an average of 60.10%, with the

device Optiscan-TP 60.12% and with the device Opti-
grade-MCP 60.44%. The carcasses with subcutaneous
fat thickness >17 mm had an average weight of 82.629
kg. The measurements of the percentage of lean meat
with the reference method had an average of 54.85%,
with the Optiscan-TP device 55.37% and with the Op-
tigrade-MCP device 54.85%. We observe that heavy
carcasses have a higher deposition of subcutaneous fat
and a lower percentage of lean muscle tissue.
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Descriptive statistics regarding the two carcass
groups according to sex are shown at Table 4. In fe-
males, the weight of the carcasses ranged between
52.60 and 93.50 kg with an average of 73.677 kg. The
measurements of the percentage of lean meat with
the reference method had an average of 61.73%, with
the Optiscan-TP device 61.46% and with the Opti-
grade-MCP device 61.42%. In males, the weight of
the carcasses ranged between 49.40 and 103.80 kg
with an average of 74.80 kg. The measurements of
the percentage of lean meat with the reference meth-
od had an average of 58.27%, with the Optiscan-TP
device 58.55% and with the Optigrade-MCP device

58.59%. We observe that the female pigs yield car-
casses with a higher percentage of lean muscle tissue.

Eventually two models (formulas), one per each
Optiscan-TP and Optigrade-MCP devices, were ob-
tained for the calculation of Lean Meat Percentage
from fat and muscle thickness as shown at Table 5.
Figures 2 and 4 show the measurements related to the
LMP, calculated either by the reference method or by
using each of the two devices, Optiscan-TP and Opti-
grade-MCP, respectively, while Figures 3 and 5 show
the relationships between the LMP and residues. In
addition, Figure 6 shows the best fitted lines for Opti-
scan-TP and Optigrade-MCP and prediction bias.

Table 4. Descriptive statistics of carcasses used according to sex.

Carcasses used (n=120) Count Column N %
Sex Female 60 50,00%
Male 60 50,00%
Mean Stangrd Maximum Percentile Median Percentile Minimum
Deviation 75 25
Warm Carcass weight - kg 73.677 10.207 93.500 81.475 73.150 65.350 52.600
Back-fat 6 cm 3/4 LR 12.50 271 18.40 1440 | 1240 | 10.50 7.00
Optiscan-TP Fat - mm (x,) 13.12 3.38 19.40 1580 | 12.55 | 10.65 5.90
Optiscan-TP Meat - mm (x,) | 67.46 5.48 86.60 70.15 | 68.15 | 64.38 55.00
8pt;grade'MCP Fat-mm 1153 | 326 19.50 1400 | 11.00 | 9.08 5.90
g’t;grade'MCP Meat-mm |45 ¢} 7.60 73.20 60.80 54.9 50.00 41.10
Reference LMP % 61.73 3.39 68.21 6408 | 6238 | 58.14 53.39
: o
Predicted LMP % Optiscan 61.46 2.69 67.26 6348 | 61.56 | 59.40 56.48
o TP (y)
< . 0 .
£ | Predicted LMP % Optigrade- | ¢, 4 | 5 34 65.53 6298 | 6187 | 59.86 55.36
2 |MCP (y,)
Warm Carcass weight - kg 74802 | 12.110 | 103.800 | 82.600 | 75.250 | 65.125 | 49.400
Back-fat 6 cm 3/4 LR 15,65 430 30,80 17,85 | 14,80 | 12,60 8,60
Optiscan-TP Fat - mm (x,) 16.34 475 26.10 2018 | 1605 | 12.58 8.70
Optiscan-TP Meat - mm (x,) 64.79 6.17 77.00 68.58 65.65 60.13 55.10
gf’t;grade'MCP Fat-mm 15.27 5.00 33.00 17.78 | 1445 | 1170 7.00
gpt)‘grade'MCP Meat-mm | 53 45 | 73 7050 | 5880 | 5425 | 48.90 34.00
Reference LMP % 58.27 391 65.40 61,63 | 5840 | 55.80 49.85
: e
IT’;,e‘(l;ted LMP% Optiscan- | 5o 55 | 363 65.30 6098 | 5936 | 56.01 50.34
= | Predicted LMP % Optigrade-
<
S | mep () 58.59 3.60 64.14 61.12 | 5938 | 57.01 4573
Table 5. Models selected for Optiscan-TP and Optigrade-MCP
. RMSEP
2
Model Equation R RMSE 1=130
Optiscan-TP ¥ = 62,94974 - 0,79348 * x, +0,13218 * x_ 0,7524 1,99907 2,46519
Optigrade-MCP Y= 66,55617 - 0,72337 * x, +0,05761 *x,  0,6866 2,04934 2,48489
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DISCUSSION

The results of the research show that the per-
centage of lean meat calculated by the two methods
and the use of the respective devices for the whole
sample is similar to that obtained with the reference
method. The coefficient of determination R? was sta-
tistically significant (P<0.05) for both methods, with
the Optiscan-TP device showing a higher value. In
order to compare the effectiveness of the two mod-
els, a common practice is to compare the prediction
error - RMSEP - calculated for the whole set of data
(n=130), including outliers (Engel et al., 2003; Font
i Furnols and Gispert, 2009). For the approval of
the calibration equation, it is necessary to achieve a
Root Mean Square Error (RMSE) lower than 2.5%
(Commission Regulation (EC) 1249/2008, Euro-
pean Union, 2008). The RMSEP was 2.46519 for
Optiscan-TP and 2.48489 for Optigrade-MCP. Both
values are below the 2.5 limit set by EU legislation.
Nevertheless, both RMSEP values can be considered
rather high, compared to the results of other studies
(Brondum et al., 1998; Busk et al., 1999; Font i Fur-
nols et al., 2004; Engel et al., 2006). Font i Furmols
et al. (2004), who used 262 pig carcasses in which the
lean meat percentage was estimated using a Fat-O-
Meter device, showed that the calculation accuracy
(RMSEP) was 2.30. Lower, compared to the present
study, RMSEP values (2.24 and 2.19) were observed
when using HGP and Vision devices (respectively), in
180 pig carcasses weighing 71-110 kg (Engel et al.,
2006). Higher accuracy (RMSEP = 1.84) appears in
the research of Busk et al. (1999) for the estimation
of lean meat in 344 pig carcasses weighing 71-110
kg, using Autofom device. In addition, in an earlier
study (Brendum et al., 1998) using the same ultra-
sound device in 450 pig carcasses, the coefficient of
determination R* was very high (0.88). Also, higher
RMSEP accuracy (1.842) was achieved in the study
of Jansons et al. (2016) using an Optigrade device
to estimate the lean meat percentage in 145 pig car-
casses. Finally, similar accuracy to the results of the
present study (RMSEP = 2.42) was determined in the
research of Gaureanu et al. (2014) using an Optigrade
device in 145 pig carcasses. In all the above studies
the lean meat percentage and the accuracy of predic-
tion were evaluated using different devices compared
to the present study, except for the last two studies
where Optigrade was used. Unfortunately, there are
no reports of using the Optiscan-TP device. The high-
er accuracy achieved in these studies may be due to
the higher number of pigs used, the lower variation of

pigs’ weight or even the lower percentage of extreme
values included in the RMSEP calculation. In Figure
6, it is shown that best fitted lines (linear equations)
are almost identical for both devices. Similar are the
findings of the research of Goenaga et al. (2008) who
estimated the lean meat percentage with the use of
Henessy and F-O-M devices in 115 pig carcasses and
found comparable accuracy of determination with the
two devices. This fact suggests that factors depend-
ing on measurements (measurement fluctuations for
different devices or carcass splitting) do not seem to
contribute much to error of prediction. Therefore, the
relatively high RMSEP values may have derived from
various factors related to sample configuration or car-
cass dissection.

Carcass selection by means of a variable not in-
cluded in the models - in our case, back-fat depth at
6 cm ¥ LR measured with HGP, - may result in poor
predictions (Engel et al., 2003). In most cases, se-
lection on extreme values of the prediction variables
improves the accuracy of estimation of constants and
coefficients in regression (Engel et al., 2006) and the
difficulties in finding carcasses at the extreme values
may have also contributed to low accuracy of estima-
tion.

As with other studies (Fortin et al., 2004; Johnson
et al., 2004; Goenaga et al., 2008), a bias is detected
between the reference and predicted values of LMP
that leads to an underestimation of predicted LMP in
leaner carcasses and to an overestimation in fatter car-
casses. The magnitude of the bias was 3.2% - 3.8%
in LMP of carcasses at the extreme grades (69% and
49%, respectively), while within the current values of
lean content the difference is much smaller. This bias
is common to methods using linear measurements
like back-fat and muscle thickness (Johnson et al.,
2004; Goenaga, et al., 2008).

This study showed that both Optiscan-TP and Op-
tigrade-MCP devices have similar accuracy of predic-
tion regarding the determination of pig carcass LMP
in Greece, regardless of the different measurement
points and technologies used. In Greece, pig farmers
are paid according to the weight of the carcass or even
worse based on the live weight of the animal. Thus,
pig farmers who produce pigs with a low live weight,
but with a carcass of a higher quality category are not
paid properly. The application of the classification of
pig carcasses in quality classes using reliable meth-
ods and devices by the slaughterhouse facilities of the
country, as provided by the relevant European legisla-
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tion, is the necessary condition, both for the compen-
sation of the effort of the pig farmers and for meeting
the nutritional requirements of the consumers.

CONCLUSIONS

Both methods, using Optiscan-TP and Opti-
grade-MCP devices, to estimate the percentage of lean
meat in pig carcasses exhibited similar behavior and
showed reliability compared to the European refer-
ence method, as they meet both the comparison crite-
ria and the limits set by European legislation. Further
research is needed with the use of a larger number of
pig carcasses, especially in the extreme values, which
may contribute to the further reduction of the RMSEP

and to the increase of the intended forecasting accu-
racy.
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