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Abstract

This experiment was designed to describe the accuracy of the EU-reference dissection method, and to describe the types of factors influ-
encing the accuracy and assess their size. The experiment was conducted in four different European countries at two abattoirs within each
country. A total of 128 carcasses was selected according to carcass weight, fat class and sex, and 8 butchers fromdifferent countries dissected
the carcasses. Due to the experimental design of the experiment a variation in pig type was found between countries. The accuracy was
expressed by the repeatability and reproducibility standard deviation, which were found to be 0.87 and 1.10, respectively, and by the reli-
ability, found to be 0.87. This indicates a high accuracy, although a significant effect was found on the estimation of lean meat percentage
(LMP) of butcher, and also that jointing of the carcass was of overall importance to the accuracy of the EU-reference dissection method.
� 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Within the EU-countries the lean meat percentage
(LMP) of pig carcasses is estimated, to have a common
basis for the price setting of carcass quality. The EUROP
Community scale (Commission of the European Commu-
nities [EC], 1984) is used to express the leanness by inter-
vals of LMP. The LMP is estimated by different
classification instruments at the abattoirs, and common
rules are outlined by the EU to calibrate these instruments
(EC, 1984, 1985, 1994). The calibration is based on a trial,
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where an equation for prediction of LMP by the classifica-
tion instrument is developed. The trial involves the dissec-
tion of a sample of pig carcasses (EC, 1994) into meat, fat
and bone according to the EU-reference dissection method
(Walstra & Merkus, 1996).

The EU-reference dissection method involves the dissec-
tion of four main cuts (shoulder, loin, belly and leg) from
one-half carcass. The lean meat content is defined by the
weight of lean meat in these four cuts together with the ten-
derloin, in relation to the total weight of the half carcass. A
scaling factor of 1.3 is used to estimate the total lean meat
content in the half carcass based on all 12 cuts.

The accuracy of the EU-reference dissection method has
never been estimated. The accuracy is described by the
repeatability, reproducibility and reliability of the dissec-
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tion, and refers to the ISO standard (ISO 5725-1, 1995).
Also factors that influence the accuracy of the method
are unidentified. Several types of errors may occur during
the slaughter, sampling and dissection processes, which
may influence the accuracy of the equation for estimation
of LMP.

Thus, the objective of this study was to describe the
accuracy of the EU-reference dissection method, and to
describe the types of factors influencing the accuracy and
to assess their size.

2. Material and methods

The experiments were conducted in four different Euro-
pean countries (A, B, C and D), and the pigs were selected
at two abattoirs per country. A total of one hundred and
twenty-eight carcasses were selected and dissected during
this experiment. Thus, sixteen carcasses were selected at
each abattoir. The abattoirs used similar slaughter proce-
dures, but within country they were situated in different
regions to ensure some variation in pig type.

2.1. Slaughter and selection

In each abattoir a number of carcasses (distributed
across four slaughter days) were selected during slaughter
according to sex, carcass weight and back fat thickness.
In relation to sex, a distribution of 50% gilts and 50% cas-
trates was achieved, although in country B entire males
were used instead of castrates. All carcasses were selected
according to their hot carcass weights within ±1.5 standard
deviation of the national mean. Back fat thickness was also
distributed within three fat groups; thin, medium and thick
in the proportions 37.5%, 25% and 37.5%, respectively. The
thick and the thin groups were in excess of ±1.0 standard
deviation of the national mean. Selection criteria are out-
lined in Table 1.
Table 1
Selection criteria (hot carcass weight and fat thickness) for carcasses
dissected by the EU-reference dissection method and their national means
in the four countries participating in the experiment

Item Country

A B C D

Selection criteria

Hot carcass weighta (kg) 75–95 66–92 78–106 76–99

Fat thicknessb (mm)
Thin <13.4 <12.0 <10.0 <11.8
Medium 13.4–18.8 12.0–19.0 10.0–20.0 11.8–19.0
Thick >18.8 >19.0 >20.0 >19.0

National means

Hot carcass weight (kg) 85.0 79.0 92.0 87.5
Fat thickness (mm) 16.1 15.5 15.0 15.4

a Hot carcass weight: selected within ±1.5 standard deviation of
national mean.
b The thin and thick groups were in excess of ±1.0 standard deviation of

the national mean. Fat thickness was measured with the national classi-
fication instrument between the 3rd and 4th last rib, 6 cm off the midline.
The carcasses were split in the middle of the vertebral
column and the belly in the middle of the sternum during
the slaughter process with the aim of achieving two identical
half carcasses. However, at all abattoirs there were prob-
lems with the splitting, where especially the back and ster-
num was difficult to split exactly in the middle. The day
after slaughter, 16 carcasses (four from each of the four
slaughter days) were selected for dissection. During sam-
pling only carcasses with acceptable splitting results were
selected. Before dissection the splitting of the sternum was
corrected if necessary. During dissection the weight of the
vertebral column from each of the two halves was recorded
to identify the need for corrections. An expert classified the
carcasses visually by assessing the conformation of ham,
i.e., shapes of the ham inclusive of subcutaneous fat. The
scale consisted of four classes: AA (very round), A (round),
B (fair) and C (straight) divided further by � and +.

2.2. Jointing and dissection

The day after slaughter both halves of the carcasses were
dissected according to the EU-reference dissection method
(Walstra & Merkus, 1996). Eight butchers, one from each
of eight European countries, dissected one-half carcass
per day in a pair wise combination system without influenc-
ing each other. This combination system was used to be
able to compare the butchers. The same butcher had to per-
form both jointing (Fig. 1) and dissection (Fig. 2). The
butchers were trained in their home country in the EU-ref-
erence dissection method, and no further training was
given, as the aim was to get an estimate of the procedures
used in the different countries.

2.3. Statistics

The data were analyzed using a variance component
model (Little, Milliken, Stroup, & Wolfinger, 1996; SAS
software version 8, 1999). A mixed analysis of variance
Fig. 1. The four main cuts (shoulder, loin, belly and leg) and the
tenderloin from a half pig carcass after performing jointing according to
the EU-reference dissection method. copyright by BFEL, Kulmbach;
Germany.



Fig. 2. The result of EU-reference dissection of the loin into meat, fat and
bone.
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was used to examine the effects of random and fixed vari-
ables. Least square means for each main effect were
obtained from the model.

A statistical model (1) was used, which included obser-
vations on the same carcass, to analyze the variation in
LMP of the carcass and of the joints. The model includes
the variation between butchers and the variation between
carcasses as random effects, with components of variance
r2
B and r2

C, respectively, and with country and carcass side
as fixed effects. Also, fat classes, abattoir and sex nested
within country are included as fixed effects.

Y ijklmno ¼ lþ ai þ djðiÞ þ ckðiÞ þ 1lðiÞ þ nm þBn þCoðiÞ þ eijklmno;

ð1Þ
where
l = general meanai = effect of country (i = A–D)

fixed effect
dj(i) = effect of fat group within country (j = 1 � 3)

fixed effect
ck(i) = effect of abattoir within country (k = 1 � 2)

fixed effect
1l(i) = effect of sex within country (l = 1 � 2)

fixed effect
nm = effect of carcass side (m = 1,2) fixed effect
Bn = effect of butcher (n = 1 � 8) random effect,

independently, identically distributed Nðo; r2BÞ
Co(i) = effect of carcass (o = 1 � 32) random effect,

independently, identically distributed Nðo; r2CÞ
eijklmno = random error random effect, independently,

identically distributed N(o,r2)

The estimated repeatability standard deviation is defined
as sr ¼ r̂.

The estimated reproducibility standard deviation is
defined as sR ¼ r̂R ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
r̂2
B þ r̂2

q
using the nomenclature in

ISO 5725.
The reliability is defined as ðr2

CÞ=ðr2
C þ r2

RÞ, which
expresses the correlation between repeated measurements
or the relation between the �true� and the observed
variation.

The differences between butchers was also assessed by
including the effect of butcher as fixed effect instead of ran-
dom effect in model (1).

A second model (2) was used to analyze the variation in
weight of the different joints with cold carcass weight as a
covariate. All other parameters are the same as for model
(1). Again a similar model was also used to evaluate the dif-
ference between butchers by including butcher as a fixed
effect.

Y ijklmno ¼ lþ ai þ djðiÞ þ ckðiÞ þ 1lðiÞ þ nm þ k�weight

þ Bn þ CoðiÞ þ eijklmno; ð2Þ

where k is the coefficient to covariate weight.
No significant interactions were found between butchers

and the influencing factors, and therefore these interactions
are not included in the models.
3. Results

3.1. Differences in types of pigs and carcass proportions

between countries

Thirty-two carcasses were selected from at least 19 and
up to 29 producers in each country (Table 2). Thus, the
selected carcasses had varying background. Carcass
weights were significantly different between the countries,
where country C had heavy pigs (average: 93.4 kg) and
country B had relatively light pigs (average: 80 kg),
whereas country A and D were in between. Based on
results from national on-line measurements, countries A,
B and D had carcasses with very similar muscle thick-
nesses, whereas carcasses from country C had a higher
muscle thickness than carcasses from the other countries.
This leads to a higher estimate for LMP in country C,
whereas the LMP is very similar among the other three
countries. From the conformation scores (Table 2) it can
also be seen that the pig type differs among the countries,
and the scores are in agreement with the other carcass char-
acteristics mentioned. Generally the selection of carcasses
has been in accordance with the experimental plan and
the sample represents different types of pigs in Europe.

Also the amount of meat in the four joints and the ten-
derloin as a percentage of total weight of these joints in the
four countries was measured (Table 3). Some variation in
amount of meat is shown between countries. The higher
meat content within the carcass in pigs from country C
can mainly be explained by a higher meat content in the
leg compared with the other three countries. Carcasses
from country B has a significantly higher meat content in
the shoulder, whereas carcasses from country D has a sig-
nificantly lower meat content in both loin and tenderloin
compared with the other countries. Thus, carcasses from
country A and B do not differ much from each other,
whereas carcasses from country C has more meat in the



Table 2
Characteristics of selected carcassesA in the four participating countries

Item Country SEM

A B C D

No. of herds 27 19 26 29
Hot carcass weight (kg) 86.3a 80.0b 93.4c 85.7a 0.82
Fat thicknessB (mm) 16.9 16.2 15.6 15.8 0.62
Muscle thicknessB (mm) 56.4a 57.4a 61.9b 55.1a 0.76
Lean meat percentageC 56.7a 56.4a 58.7b 56.6a 0.60
Conformation score

Ham type 6.4 (B+)a 4.9 (A)b 3.5 (A+)c 4.9 (A)b 0.23

a, b, c Values within row with different superscripts differ (P < 0.05).
A Least squares means of 32 carcasses per country.
B Measured with the classification instrument used at each abattoir between the 3rd and 4th last rib, 6 cm off the midline.
C Estimated with the classification instrument and national equation used at each abattoir.

Table 3
Amount of meat in the 4 joints and the tenderloin as a percentage of the
total weight of these joints in the four countries

Item Country SEM

A B C D

Shoulder 13.5a 13.9b 13.5a 13.5a 0.09
Belly 9.7 9.5 9.5 9.8 0.12
Loin 16.9a 16.6a 16.9a 16.0b 0.13
Leg 25.0c 25.3c 26.9a 25.8b 0.16
Tenderloin 1.6a 1.6a 1.6a 1.5b 0.02

a, b, c Values within row with different superscripts differ (P < 0.01).
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leg, which leads to a significantly higher total meat content
in the carcass compared with the other countries. Carcasses
from country D have a lower meat content in the loin,
whereas the meat content in the leg is higher than in car-
casses from country A and B but lower than in carcasses
from country C.

3.2. Accuracy of the EU-reference dissection method

The accuracy of the EU-reference dissection method is
described by the standard deviation (s.d.) for repeatability
and reproducibility and by the reliability. Based on the sta-
tistical model (1) the s.d. for repeatability and reproducibil-
ity have been estimated as 0.87 and 1.10, respectively. The
variation of carcasses (sC) is estimated as 2.81 and conse-
quently the reliability is estimated as 0.87 (Table 4).

The estimated s.d. for the LMP for butcher (sB) is high for
shoulder and belly compared to the other two joints and the
carcass as a whole. The repeatability and reproducibility s.d.
Table 4
Standard deviations and the reliability for estimation of lean meat percentage

Item Standard deviation

Butcher, sB Carcass, sC R

Shoulder 1.13 2.30 0.
Belly 1.43 3.47 1.
Loin 0.69 3.12 1.
Leg 0.45 2.57 0.
Carcass 0.68 2.81 0.

a Lean meat percentage in joints and carcasses are estimated by the EU-refe
is highest for belly, which show that the belly is difficult to
dissect. Also, the dissection of the shoulder is difficult to
repeat, which can be seen by a high reproducibility s.d. The
reliability is lowest for shoulder and belly, which is another
indicator of the difficulty in dissecting these joints. A reliabil-
ity of 0.87 for carcass is at a relatively high level compared
with the joints, although it is even higher for the leg.

3.3. Reliability of jointing

The reliability and s.d. of jointing is estimated by the
statistical model (2). The estimated s.d. for butchers (sB)
relative to the carcass variation (sC) is highest for the
weight of the shoulder compared to the other three joints
(Table 5). This indicates that the shoulder is the most diffi-
cult joint to cut for the butchers (Fig. 3). For carcasses (sC),
the variation in weight of the joints is highest for the leg
and loin and lowest for the shoulder. Thus, the variation
in the weight of the shoulder is the same for butcher and
carcass, whereas for the other joints the variation is higher
between carcasses than between butchers. Consequently,
the reliability for shoulder is very low. The leg is anatomi-
cally easier to cut correctly and therefore the reliability for
the weight of this joint is much higher than for the other 3
joints. Also, the s.d. for repeatability (sr) and reproducibil-
ity (sR) for the weight of the joints is equal for the leg.

3.4. Effect of butcher on the estimate for LMP and jointing

The effects of butcher are assessed by the statisticalmodels
(1) and (2) with butcher as a fixed effect. The differences
in joints and carcass by dissectiona

Reliability

epeatability, sr Reproducibility, sR

98 1.50 0.70
30 1.94 0.76
08 1.29 0.85
67 0.81 0.91
87 1.10 0.87

rence dissection method.



Table 5
Standard deviations and the reliability for the weight of jointsa

Item (kg) Standard deviation Reliability

Butcher, sB Carcass, sC Repeatability, sr Reproducibility, sR

Shoulder 0.15 0.16 0.20 0.25 0.28
Belly 0.13 0.26 0.19 0.23 0.56
Loin 0.12 0.31 0.28 0.30 0.50
Leg 0.06 0.39 0.25 0.25 0.70

a All joints corrected for cold carcass weight.

Fig. 3. Differences in jointing of the shoulder according to the EU-
reference dissection method performed by eight different butchers.
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betweenbutchers for estimationofLMP in joints and carcass
are shown inTable 6. The differences inLMPbetween butch-
ers are very high for shoulder and belly with the highest dif-
ferences being 3.20 and 4.05, respectively. For loin and leg
the variation between butchers is lower with highest values
at 1.82 and 1.57, respectively. The highest difference for
LMP in the carcass is 1.96. Generally, butcher 3 has the
lowest estimates for LMP, whereas butcher 1 has the highest.
Note the agreement with the estimate of the butcher s.d.
sB = 0.68, which indicates a maximum difference (95%
probability) between two butchers of ðt1;2:5% ¼ 1:96Þ�ffiffiffi
2

p
� sB ¼ 1:9.
Table 6
Differences between butchersa in the estimate of lean meat percentage in joint

Item Butcher

1 2 3 4

Shoulder 3.20*** 1.81*** 0 3.09*

Belly 3.88*** 4.05*** 0.80 2.50*

Loin 1.82*** 1.41*** 0 0.12
Leg 1.57*** 0.92*** 0 0.86*

Carcass 1.96*** 1.90*** 0 0.86*

a Differences between the butcher with the lowest lean meat percentage (0) a
b Lean meat percentage in joints and carcasses are estimated by the EU-refe
* P < 0.05.

** P < 0.01.
*** P < 0.001.
There is a very high variation in the weight of joints
between the eight butchers (Table 7), which means that
the difference between the butcher with the lowest weight
of a joint and the butcher with the highest weight of the
same joint are large. For the shoulder, belly and loin the
biggest average difference between butchers is 410 g, which
is between 6% and 10% of the weight of the joint. For the
leg the largest average difference is 280 g, which is less than
3% of the weight of the leg. These results show that the
jointing varies significantly between butchers. Also, the
variation between butchers is lowest for the leg, showing
that the leg is easier to cut at the right position at jointing
than the other three joints.

3.5. Effect of carcass side on the estimate of LMP

The LMP in the carcass and in the joints, except for
belly, was significantly affected by carcass side (Table 8).
The highest LMP was observed in the right side, and for
carcass the left side had 0.6% less lean meat than the right
side. The weight of the vertebral column was measured, to
identify whether the splitting of the carcass in two identi-
cal halves was performed correctly. The weight of the ver-
tebral column from the right side was 0.516 kg and from
the left side 0.502 kg. The cold carcass weights were 42.3
and 42.0 kg for the left and right side, respectively. Thus,
the difference between halves in carcass weight cannot be
explained by the difference in weight of the vertebral col-
umn, and the splitting of sternum was corrected before
dissection and thus does not influence the weight
difference.
s and carcassesb

5 6 7 8

** 0.89** 2.15*** 0.55 1.43***
** 0 2.08*** 0.96* 2.74***

1.06** 0.43 0.22 1.68***
* 0.74** 1.19*** 0.48* 1.12***
* 0.26 1.13*** 0.91** 1.43***

nd the other butchers.
rence dissection method.



Table 7
Differences (in kg) between butchers in the weight of jointsa

Item Butcher

1 2 3 4 5 6 7 8

Shoulder 0.04 0.15* 0.39*** 0 0.21** 0.13* 0.41*** 0.33***

Belly 0.16** 0.22*** 0.01 0.04 0.40*** 0 0.09 0.15*

Loin 0.31*** 0.37*** 0.14 0.29*** 0 0.37*** 0.40*** 0.21*

Leg 0.28** 0.22** 0.10 0.18* 0 0.19* 0.05 0.10

a Differences between the butcher with the lowest joint weight (0) and the other butchers.
* P < 0.05.

** P < 0.01.
*** P < 0.001.

Table 8
Lean meat percentagea estimated by dissection of jointsb and carcassesc from the right and left carcass side

Item Side Difference SEM P

Right Left Right � left

Shoulder 67.66 67.37 0.29 0.23 <0.01
Belly 57.14 56.87 0.27 0.33 NS
Loin 60.53 60.10 0.43 0.30 <0.01
Leg 72.13 71.88 0.25 0.24 <0.01
Carcass 58.96 58.34 0.62 0.26 <0.001

a Least squares means of 128 carcasses.
b Weight of dissected lean meat in each joint expressed as a percentage of the weight of that joint.
c Lean meat percentage in carcasses is estimated by the EU-reference dissection method.
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4. Discussion

In this study, performed in four countries, abattoirs
were selected to ensure some variation in pig types and to
reflect differences in pig populations and production condi-
tions between countries. Thus, some variation in pig type
was found between countries due to the experimental
design. We found significant differences in LMP in joints
(data not shown) and in carcasses between countries. Also,
the LMP in belly and loin was significantly different
between abattoirs within country, and for shoulder and
belly between sexes within country (data not shown). The
LMP of the carcass and the meat content as a percentage
of the carcass weight was higher in carcasses from country
C than from the other countries. This could be explained
by differences in the amounts of meat in the different joints,
where carcasses from country C had higher meat content
especially in the leg than carcasses from the other
countries.

The accuracy of the EU-reference dissection method is
given by the repeatability standard deviation (0.87), the
reproducibility standard deviation (1.10) and the reliability
(0.87) of the carcass. As a rule of thumb, reliability above
0.8 is considered acceptable accuracy. Thus, the reliability
in this trial indicates a high accuracy; however, it can be
argued as to whether the accuracy is high enough for a ref-
erence method. If the result reflects a possible systematic
difference in LMP levels between countries, the accuracy
may be considered too poor. Also the difference of 1.96
units of LMP between butchers may be considered an indi-
cator of a high difference between countries, as butchers
represented different countries. The difference between
butchers may also indicate a systematic error in the calibra-
tion of the classification equipment based on dissection in
the different countries. This may be the reason why the
measured lean meat percentage (Table 2) in some cases
are lower than the lean meat percentage estimated by dis-
section (Table 8). Thus, there seems to be some variation
between countries within the EU, regarding the estimation
of LMP by the EU-reference dissection method. In order to
improve the EU-reference dissection method, it therefore
may be useful to introduce common training of the respon-
sible persons on a regular basis and thus achieve a higher
degree of uniformity between countries.

The estimated accuracy in this trial does not reflect the
accuracy between butchers within a country. Within coun-
try butchers will be trained together and therefore be more
uniform in their work. Also the trial set-up would usually
be different within a country, where one butcher would per-
form the jointing and the other butchers would perform the
dissection together, and not in a pair wise combination as
was the case in this trial.

The jointing of the carcass according to the EU-reference
dissection method is well described (Walstra & Merkus,
1996), but some deviations have been observed during
this experiment. The reliability for shoulder is very low
(0.28) and indicates the difficulties to cut out this part
because there are no exact anatomic lines to follow. Also,



Fig. 4. Difference in the cutting line between loin and belly between
butchers after jointing according to the EU-reference dissection method.
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a big variation in the cutting line between loin and belly was
observed between the butchers (Fig. 4). This variation influ-
ences the weight of the joints, but it has no influence on the
LMP of the carcass as both joints are dissected. Cutting
inaccuracies between two joints used for dissection have
no influence on the LMP in the carcass, whereas it has an
influence on the estimation of LMP in the joints. The criti-
cal borders are between joints that are dissected and the rest
of the carcass. In such cases jointing errors do influence the
LMP in the carcass as well. Generally, the low reliabilities
for weight of the joints (0.28–0.70), as well as the significant
differences between butchers for weight of joints, indicate
that the jointing procedure is more difficult than the dissec-
tion itself. It also shows that the jointing procedure needs
further attention in order to get a more uniform jointing
between countries within the EU.

5. Conclusions

In this trial, the accuracy of the EU-reference dissection
method is expressed by the repeatability (0.87) and repro-
ducibility (1.10) standard deviation, and by the reliability
(0.87) for the carcass. The reliability indicates a high accu-
racy although a significant effect of butcher was found on
the estimation of LMP. The largest difference between
butchers was 1.96 units of LMP. Although the reliability
for estimation of LMP in the carcass may be considered
high enough, the estimation for shoulder and belly was
too low and shows that some attention may be needed
regarding the dissection of these joints. The reliability for
the weight of joints was also low for all joints especially
for shoulder, which indicates that jointing of the carcass
is a critical point in the EU-reference dissection method.
Also, a significant effect of carcass side for the estimate
of LMP was found, where the largest difference between
sides was 0.6 units of LMP.
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P. Allen, Ireland, and B. Engel and E. Lambooij,
the Netherlands.

References

Commission of the European Communities. (1984). EC regulation No.
3220/84 determining the Community scale for grading pig carcasses.
ECOJ Nr L301, 1–3.

Commission of the European Communities. (1985). EC regulation No.
2967/85 laying down detailed rules for the application of the
Community scale for grading pig carcasses ECOJ Nr L285, 39–40.

Commission of the European Communities. (1994). EC regulation No.
3127-94 laying down detailed rules for the application of the
Community scale for grading pig carcasses ECOJ Nr L330, 43.

ISO 5725-1. (1995). Accuracy (trueness and precision) of measurement
methods and results – part 1: general principles and definitions. Case
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