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Abstract

The aim of this study was to determine the suitability of ultrasound and zoometric measurements
and visual muscle scoring for predicting the carcass value of 167 young Holstein-Friesian (HF)
bulls. Zoometric and ultrasound measurements were performed and live muscle scoring was esti-
mated before slaughter. After slaughter, hot carcass weight (HCW) was determined and carcasses
were assigned to conformation and fat classes according to the EUROP system. Multiple regres-
sion equations were derived to estimate the weight, conformation and fatness of carcasses. HCW
was estimated using the following equations: SA{ =1.507x, + 1.103x, + 4.043x, + 5.53x, + 0.379x, +
+8.076x, — 678.93 (R*=0.892; S = 16.28) and Y = 2.525x,+ 0.579x, + 0.451x, — 134.17 (R*=0.943;
S, = 11.84); independent variables x, — height at sacrum (cm); x, — chest girth (cm); x, — pelvic
width (cm); x, — pelvic length (¢cm); x, — thickness of M. gluteo-biceps (mm); x; — intravital muscle
scoring (points); x, — thickness of M. longissimus dorsi (mm); x, — live weight (kg). Validation of the
first regression equation revealed overestimation of HCW by 1.25% on average, while validation
of the second equation revealed its underestimation by 1.85% on average. It was found that intra-
vital muscle scoring and selected ultrasound and zoometric measurements of HF bulls can be used
in formulating regression equations for predicting the carcass value of live animals. The proposed
models enable predicting the carcass value of young bulls with satisfactory accuracy, thus contrib-
uting to an objective live beef cattle assessment.
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Carcass value can be estimated based on body measurements and assessment of
lean and fat percentages in the live animal. Due to their high repeatability, the results
of such evaluations can be used to identify genetically valuable animals with respect
to carcass tissue composition and quality (Conroy et al., 2009), thus enabling their
early selection. Live body measurements can also be used to choose the proper cattle
fattening system and to predict the slaughter value of animals (Guidelines for Uni-
form Beef Improvement Programs, 2010; Conroy et al., 2009; Bergen et al., 2005;
Tait et al., 2005). According to Stoniewski et al. (2001), ultrasound measurement
of muscle thickness in the lumbar region is correlated with carcass dressing per-
centage (R=0.61, P<0.01). Visual muscle scoring can also be used to predict the
carcass value of cattle (Gil et al., 2007), in particular in small abattoirs where slaugh-
ter value is not assessed or a subjective organoleptic evaluation is performed by
skilled graders. Conroy et al. (2010) demonstrated that pre-slaughter muscular scores
were significantly correlated with kill-out proportion and carcass value (R=0.82 and
R=0.72, respectively). In large meat-processing plants, bovine carcasses are cat-
egorized into conformation and fat classes according to the EUROP grid method.
The EUROP classification scheme was introduced in Poland to standardize carcass
grading and to ensure a common classification standard and a uniform price report-
ing system throughout the European Union. In Poland, livestock dealers are usually
involved in cattle buying and selling operations. Cattle producers get paid on a live
basis — dealers purchasing live animals determine their weight and estimate carcass
quality grade. Meat processing plants purchase cattle on a carcass basis — carcasses
are priced based on HCW or in accordance with the EUROP system. Due to pencil
shrink (a percentage deduction from the liveweight of the cattle due to their over-
feeding or excessive watering) and high carcass yield, dealers often receive a bo-
nus that in direct sales would go to producers of finishing cattle. In order to make
pre-slaughter estimates of beef carcasses more objective and to minimize the risk
of unfair settlements, leanness and fatness could be estimated in live animals with
the use of ultrasonic devices. Positive correlations have been found between ultra-
sound and zoometric measurements or estimated carcass lean content and carcass
dressing percentage or the percentage content of valuable cuts and meat in the car-
cass (Brethour, 2000; Greiner et al., 2003 b; Tait et al., 2005; Drennan et al., 2008;
Conroy et al., 2009; Indurain et al., 2009; Conroy et al., 2010). Mtynek and
Litwinczuk (1999) proposed a set of traits that could be measured in live animals
to determine livestock classes and, indirectly, the carcass value of beef cattle fattened
to heavy weights. Ultrasound technology, which is a convenient, rapid and inexpen-
sive measuring tool, can be effectively used for predicting the body composition
of live animals. In a study by Bergen et al. (2005), correlation values between
predicted and actual carcass composition ranged from R?=0.53 to 0.74. In Po-
land, Trela and Choroszy (2011) found highly significant correlations between the
thickness of the M. longissimus dorsi at the 12th rib site and meat weight in
the carcass (R=0.73). The most common carcass traits evaluated with ultrasonic
devices include subcutaneous fat thickness and the cross-sectional area of
M. longissimus dorsi (measured at the 12th—13th rib site); in some cases, muscle
and fat thickness are also measured over the rump to improve estimation
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accuracy (Realini et al., 2001; Greiner et al., 2003 a; Bergen et al., 2005; Tait et al.,
2005).

Cattle population data collected in 2012 revealed a growing interest among
farmers in beef production, which in Poland is based mainly on Holstein-Friesian
(HF) dairy herds. Cull dairy cows, young bulls and — to a lesser extent — heifers are
intended for beef slaughter. In 2011, bulls (627 324 head) accounted for 53% (on
a live weight basis) of cattle slaughtered for beef in Poland (Central Statistical Of-
fice, 2013).

The objective of this study was to determine the suitability of ultrasound, zoomet-
ric measurements and live muscle scoring for predicting the carcass value of young
HF bulls.

Material and methods

Animals

The experimental materials comprised 167 young HF bulls purchased by
a meat processing plant from individual farmers in the region of Warmia and Maz-
ury, between 4 January 2011 and 29 April 2011. Young bulls of known origin, aged
15-27 months, were raised in a semi-intensive production system, and they were fed
grass silage and maize silage supplemented with concentrate. The bulls were trans-
ported to the lairage 20—-24 hours prior to slaughter, and they were kept in individual
boxes equipped with drinkers.

Live body measurements

Bulls were weighed and live muscle scoring was determined in the lairage, imme-
diately before slaughter. Zoometric and ultrasound measurements were performed.
A visual appraisal of muscle score was performed on a scale of 1 (low lean content)
to 10 (very high lean content). It “describes the shape of cattle independent of the
influence of fatness. Muscling is the degree of thickness or convexity of an animal
relative to its frame size” (McKiernan, 2007). A similar but not identical method for
evaluating the conformation of animals to that presented in the paper, was applied
by Choroszy et al. (2010). The following live body measurements were performed:
height at withers, height at sacrum, forechest width, chest depth (from the withers
to the lowest point of the sternum, behind the elbows), chest girth, pelvic width
(between the processes of the hip bone), pelvic length (from the external border of
the coxal tuber to the external border of the ischial tuberosity), trunk length (from
the withers to the point of intersection with the line connecting the coxal tubers with
the spine). The following ultrasound measurements were performed: 1) thickness
of M. gluteo-biceps and thickness of subcutaneous rump fat (over M. gluteo-biceps,
at the point of intersection of the line connecting the coxal tuber with the ischial
tuberosity and the vertical line passing through the greater trochanter); 2) thickness
of M. longissimus dorsi and thickness of subcutaneous back fat (at the level of the
12th—13th thoracic vertebrae, over M. longissimus dorsi), cross-sectional area of



432 P. Pogorzelska-Przybylek et al.

M. longissimus dorsi. Ultrasound measurements were performed by one person with
the use of the Mysono 201 device (Medison Co.), equipped with a 170 mm lin-
ear probe (PB-MYL2-5/170 CD), operating in the 2-5 MHz frequency range. The
registered scans were read out and interpreted in the laboratory after the measure-
ments had been completed. The skin was shaved, and measurements were carried
out using ultrasound gel to ensure optimal contact between the transducer head and
the skin.

Carcass measurements

The experimental bulls were slaughtered in accordance with industrial stand-
ards. After post-slaughter analysis and determination of HCW (hot carcass weight),
a trained grader categorized carcasses into conformation and fat classes according to
the EUROP system. The results of carcass classification were converted to a 15-point
grading scale (1-15).

Statistical analysis

The coefficients of simple correlation between the independent variables were
calculated to eliminate highly correlative traits. The dataset for 167 HF bulls was
randomly split into a training set (data for 130 animals) and a validation set (data
for 37 animals) by the simple random sampling method. Multiple regression equa-
tions for predicting HCW and carcass quality were derived using stepwise regression
based on backward elimination. Variables with the highest P value were successively
eliminated from the equations, leaving only independent variables with P<0.05. The
validation set was used to determine the accuracy of estimation. All calculations
were done using Statistica ver. 10.0 software.

Results

All analysed bulls varied widely with respect to age and live weight (Table 1).
Their average age was 22 months, average live weight ranged from 450 to 750 kg
and average HCW was 327.5 kg. Average height at sacrum was 138.8 cm, and aver-
age height at hips — 49.5 cm for all animals. The bulls had a thicker subcutaneous
fat layer over the rump than at the 12th—13th rib site. Carcass conformation scores
ranged from 4.0 to 9.0 points, which corresponded to conformation class from O to
R". The carcasses had a low fat content (average fat class 27), and muscles were vis-
ible along their entire length.

In the next stage, relationships between the analysed traits were determined based
on the full dataset (Table 2). Highly significant (P<0.01) positive correlations were
noted between independent and dependents variables, in particular between HCW
and the majority of traits. The highest value of the correlation coefficient (R=0.96)
was observed between HCW and live body weight. In the group of independent vari-
ables, high correlations were found between height at withers and height at sacrum
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(R=0.90). To prevent collinearity in regression equations, height at withers was ex-
cluded from further analyses.

Based on statistical analyses, 11 independent variables were tested in four mul-
tiple regression equations for predicting the carcass value of HF bulls (Table 3).
Variables that made a statistically significant contribution to the predicted value were
retained in the models. Two equations (one and two) were used to estimate HCW.
In one of them, the set of independent variables does not include live weight,
because estimation of HCW on the farm, before the animals are transported to the
abattoir, helps to ensure that the producer receives a fair return. This equation
is based on the results of the following zoometric measurements: height at sacrum,
chest girth, pelvic width and pelvic length, as well as ultrasound measurement of
the thickness of M. gluteo-biceps and a visual assessment of muscling in the live
animal. The coefficient of determination and standard error of the estimate for
the HCW without live weight (equation one) are R=0.892 and Sy:16.28 kg, res-
pectively.

Table 1. Descriptive statistics of evaluated traits

Training set Validation set
Traits
N x| [~] x|
Age at slaughter (months) 130 229 1.90 37 18.5 1.86
Zoometric measurements:
height at withers (cm) 130 135.2 584 37 1341 6.41
height at sacrum (cm) 130 138.2 587 37 138.1 5.76
forechest width (cm) 130 523 8.61 37 504 3.87
chest depth (cm) 130 735 532 37 725 3.27
chest girth (cm) 130 200.9 1126 37 1964 9.11
pelvic width (cm) 130 497 252 37 487 241
pelvic length (cm) 130 548 285 37 546 243
trunk length (cm) 130 993 582 37 964 4.39
Ultrasound measurements:
thickness of subcutaneous rump fat (mm) 130 7.7 2.64 37 7.8 2.37
thickness of M. gluteo-biceps (mm) 130 69.0 1477 37 645 1444
cross-sectional area of M. longissimus dorsi (cm?) 130 78.6 14.34 37 76.8 15.08
thickness of subcutaneous back fat (mm) 130 5.8 2.03 37 5.5 1.52
thickness of M. longissimus dorsi (mm) 130  69.4 11.15 37 657 1031
Intravital muscle scoring (points) 130 59 1.68 37 5.9 1.07
Live weight (kg) 130 630.7 7232 37 6047 67.78
Hot carcass weight (kg) 130 329.0 3924 37 313.6 3733

Conformation class according to the EUROP system 130 6.4 1.30 37 6.1 1.06
(points)
Fat class according to the EUROP system (points) 130 4.6 1.27 37 4.6 0.92

EUROP conformation: 1 — P, 15 — E*-; EUROP degree of fat cover: 1 — 1~ (no up to low fat cover), 15 — 5*
(very high).
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The equation with bull’s live weight as an independent variable had a higher
coefficient of determination (R?>=0.943) and a lower standard error of the estimate
(5,=11.84 kg). The shortest equation, formulated to predict carcass conformation ac-
cording to the EUROP system, included the results of ultrasound measurement of the
thickness of M. lon-gissimus dorsi and a visual assessment of muscling in the live an-
imal. Carcass fatness was estimated using the equation with the lowest coefficient of
determination (R?>=0.632) and standard error of the estimate (Sy:0.80). The accuracy
of'equations was verified on 37 bulls from the validation set. The equation for estimat-
ing HCW, with the use of bull’s live weight, underestimated the final value by 1.85%
(—5.8 kg) on average. The reverse trend was observed in the equation which did not
include bull’s live weight — the predicted value was overestimated by 1.25% on aver-
age. The equation designed for estimating EUROP carcass conformation, based on
a visual assessment of muscling in the live animal and ultrasound measurement of
the thickness of M. longissimus dorsi, provided the most accurate results. The differ-
ence between the actual and predicted carcass conformation was only 0.1 point on
a 15-point scale.

Discussion

The variables used in the proposed equations represent slaughter and live ani-
mal traits. In a study by Conroy et al. (2009), trunk length and pelvic length were
highly significantly correlated with carcass weight and fat class, and negatively
with the proportion of valuable cuts in the carcass and conformation class (only
pelvic length). Similarly in the current experiment highly significant correlations
were found between HCW and trunk and pelvic length and also between fat class
and pelvic length. A negative correlation was observed between carcass fat class
and trunk length. The strongest correlations were observed between live weight and
HCW (R=0.96). Slightly lower values of correlation between slaughter weight and
carcass weight (R=0.94) were reported by Mtynek and Litwinczuk (1999). Bergen et
al. (2005) demonstrated that the inclusion of height at sacrum in the prediction model
increased the estimation accuracy of lean meat yield in the carcass, which was not
observed in our study. Most coefficients of correlation between exterior traits and
carcass traits were significant (average level of correlation).

Ultrasound measurement of the cross-sectional area of M. longissimus dorsi is
strongly correlated with its actual value measured post mortem, R=0.86 (Greiner
et al., 2003a), R=0.66—0.75 (Baker et al., 2006), R=0.83 (Tordk et al., 2009), and
with lean meat yield (Bergen et al., 2003; Tait et al., 2005). In the present study,
a highly significant correlation was noted between the above measurement and live
muscle scoring, and conformation class. Live muscle scoring was highly signifi-
cantly (R=0.63) correlated with the thickness of M. longissimus dorsi. This trait is
also significantly correlated with carcass weight (Blanco Roa et al., 2003), confor-
mation class and the percentage content of valuable cuts in the carcass (Conroy et
al., 2009).
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Cochran and Cox (1957) defined the accuracy of ultrasound measurement as the
closeness with which it approaches the true value. They also found that a high esti-
mation error does not affect the precision of measurement, but it reduces its accu-
racy. In the present study, equation 2 for estimating HCW with bull’s live weight as
a variable was characterized by a higher determination coefficient (R?) and a lower
standard error, in comparison with equation 1 where bull’s live weight was not used
(0.943 and 0.892, respectively). However, validation did not confirm the advantage
of equation 2 over equation 1. Ultrasound measurements tend to overestimate carcass
fatness and underestimate the area of M. longissimus dorsi (Charagau et al., 2000).

Baker et al. (2006) proposed a series of equations to estimate the total fat content
of carcasses in young bulls. The unavailability of post-slaughter measurements lim-
ited the practical application of the derived equations. Therefore, a new variable was
proposed — predicted hot carcass weight (pHCW). Although in the final equation the
results of ultrasound measurements were used together with pHCW, the coefficient
of determination was R?>=0.62; the performed experiment confirmed that ultrasound
examinations can be used for predicting the body composition of bulls. Thus, in our
study ultrasound measurements were included in the equations used for estimating
HCW. Those equations and the equations for predicting conformation class did not
include data on subcutaneous fat thickness over the rump, which were considered
statistically non-significant. Bergen et al. (2005) reported that the use of thickness of
subcutaneous rump fat as a variable decreases the standard error of estimation.

In the present study, the equation predicting carcass conformation under the EU-
ROP scheme was characterized by the lowest error of estimation although it used
the results of a visual assessment of muscling which is a subjective method. The
suitability of this trait was confirmed by Drennan et al. (2008) who noted a highly
significant correlation between a visual assessment of muscling in the live animal
and carcass conformation and fat classes (R=0.66—0.74, depending on the grader and
the number of evaluated sites). Previous experiments conducted by Drennan et al.
(2007) revealed a correlation of ~0.70 between a visual assessment of muscling in
the live animal and carcass dressing percentage. The low standard error of estimation
in equation 3 (Table 3) resulted also from the fact that the thickness of M. longis-
simus dorsi determined ultrasonographically is strongly correlated with carcass con-
formation (Conroy et al., 2009).

In conclusion, selected ultrasound measurements (thickness of M. gluteo-biceps,
thickness of M. longissimus dorsi, thickness of subcutaneous back fat), zoomet-
ric measurements (height at sacrum, chest girth, pelvic width, pelvic length, trunk
length) and intravital muscle scoring of HF bulls from a semi-intensive production
system, slaughtered at the age of 15-27 months, can be used in formulating multiple
regression equations for predicting the carcass value of live animals. The proposed
equations enable predicting the carcass value of young HF bulls with satisfactory
accuracy, thus contributing to an objective live beef cattle assessment.
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