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Summary

Background: the objective of beef cattle farming is to produce young animals with adequate proportions
of meat, fat and bone. In many countries, including Colombia, research on carcass quality and performance
has focused on Bos indicus, resulting in little information available on Bos taurus breeds, particularly
Holstein. Objective: to compare several methods for determining total edible meat (TEM) in the carcass of
intact Holstein males slaughtered at 330 kg and 26 months of age. Methods: the TEM was determined by
the direct method (true-TEM), and also by two indirect methods based on equations. One equation involving
carcass measurements was proposed by the Instituto de Ciencia y Tecnologia de Alimentos (ICTA). The other
equation is based on the muscle proportion between ribs 9-11. Results: variance analysis detected statistically
significant difference (p<0.05) among all methods. The relationship between true-TEM and that estimated by
indirect methods was high (r =0.9756). However, according to Bland-Altman interchangeability analysis, the
direct method is not interchangeable with the prediction by ICTA. The TEM variability obtained by the three
methods was similar (average CV = 18.15%). Conclusion: according to this study, the method based on the
muscle proportion between ribs 9-11 is useful for estimating TEM in Holstein bull carcasses.
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Resumen

Antecedentes: el objetivo de la ganaderia de carne es producir animales jovenes para sacrificio, con
proporciones adecuadas de carne, hueso y grasa. En paises como Colombia, las investigaciones sobre calidad
y rendimiento en canal se han concentrado en ganado Bos indicus, existiendo muy poca informacion sobre
razas Bos taurus, particularmente Holstein. Objetivo: comparar varios métodos para determinar el total de
carne aprovechable (TEM) en la canal de machos Holstein enteros, sacrificados a un peso aproximado de
330 Kg y 26 meses de edad. Métodos: la determinacion del TEM se realiz6 mediante el método directo
(TEM real) y dos métodos indirectos basados en el empleo de ecuaciones, a saber, la ecuacion propuesta por
el Instituto de Ciencia y Tecnologia de Alimentos (ICTA) utilizando mediciones realizadas en la canal, y la
basada en la proporcion de musculo presente en la seccion comprendida entre las costillas 9 y 11. Resultados:
el analisis de varianza permitié detectar diferencia estadistica significativa (p<0,05) entre todos los métodos
evaluados. La relacion entre el TEM real y el estimado desde los métodos indirectos fue alta (r =0,9756).
Sin embargo, el andlisis de intercambiabilidad de Bland-Altman permiti6 concluir que el método directo no
es intercambiable con la prediccion realizada a partir del sistema ICTA. La variabilidad del TEM obtenido
por los tres métodos fue similar (CV medio =18,15%). Conclusién: de acuerdo con este estudio, el método
basado en la proporcion de musculo entre las costillas 9 y 11 es atil para estimar el TEM en la canal de machos
Holstein.

Palabras clave: biomodelacion, Bos taurus, conformacion de canales, crecimiento sacrificio animal.
Resumo

Antecedentes: o objetivo do sector pecudrio ¢ produzir animais jovens, que assegurem propor¢des
adequadas de carne, osso e gordura no momento do abate. Na Colombia, as pesquisas sobre qualidade e
rendimento da carcaca t€ém-se centrado em gado Bos indicus, e pouca informagdo existe na raga Holstein.
Objetivo: comparar varios métodos de determinacdo do total de carne aproveitavel (TEM) na carcaga de
bezerros nao castrados Holstein, abatidos, aproximadamente, aos 330 Kg de peso e 26 meses de idade.
Métodos: o TEM foi determinado através do método directo (TEM real) e de dois métodos indirectos baseados
no uso de equagdes, a saber, a equagdo proposta pelo Instituto de Ciencia y Tecnologia de Alimentos (ICTA)
usando mensuragdes feitas na carcaga, e a equagdo baseada na propor¢ao de musculo presente na sec¢ao entre
a 9"y 11* costela. Resultados: a analise de variancia permitiu detectar diferenca estatisticamente significante
(p<0,05) entre todos os métodos avaliados. A relagdo entre o TEM real e o predito desde os métodos indirectos
foi elevada (r = 0,9756). No entanto, a analise de Bland-Altman permitiu concluir que o método directo ndo
pode se substituir pela predigao feita a partir do sistema ICTA. A variabilidade do TEM obtido desde os trés
métodos foi similar (média CV =18.15%). Conclusio: de acordo com este estudo, o método baseado na
proporcao de musculo entre a 9" y 11? costela € til para estimar TEM na carcaga de machos Holstein.

Palavras chave: abate animal, Bos taurus, biomodelagdo, conformag¢do de carcaga, crescimento.

Introduction

The beef cattle industry seeks to produce high-
performing animals to be slaughtered at a young
age, ensuring carcasses have adequate proportions
of meat, bone and fat. Total edible meat (TEM)
is the most relevant of those fractions (Brito and
Sampaio, 2001), as its protein is what gives the
product its nutritional value (Diaz-Chiron, 2001).
Quantifying TEM allows paying producers on a
differentiated base and also to infer to what extent
the livestock sector is adequately addressing its
market requirements.

Carcass composition is influenced by age, breed,
weight, sex, and nutritional status of the animal
(Veras et al., 2001). Proportions of carcass tissues can
be calculated by direct or indirect methods. Direct
methods are very accurate but laborious, involving
dissection, separation, and weighing of tissues
(Veras et al., 2001). Conversely, indirect methods
use equations to predict composition based on the
carcass or its parts (Veras et al., 2001; Brito and
Sampaio, 2001). Indirect methods include the use
of specific gravity (Alhassan et al., 1975; Hedrick,
1983), the composition of the section between ribs
9-11 (Hankins and Howe, 1946), and ultrasonography
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(Berg et al., 1997). Upon applying equations
described in other studies, some researchers have
detected discrepancies between actual and predicted
values (Kempster, 1981) because the equations must
be used under the same circumstances of breed, age at
slaughter, husbandry, and animal handling conditions.
Indirect methods used in this study sought to predict
TEM from evaluations routinely conducted during
carcass processing without having weighed all meat
cuts. In general, studies on carcass quality and yield
have focused on Bos indicus cattle (Fernandez and
Jaramillo, 1997; Correa, 1998; Vasquez et al., 2005).
There is little information for non-beef cattle breeds,
such as the Holstein, whose males are slaughtered at
a young age. The aim of this study was to compare
different methods for determining TEM in the carcass
of Holstein bulls raised for meat production.

Materials and methods

Location

The animals were fattened at Los Dolores
farm, located in Abejorral municipality (Antioquia,
Colombia), in an area corresponding to lower montane
rain forest (bh-MB; Holdridge, 2000). Slaughtering
was carried out in Frigocolanta, a commercial
slaughterhouse owned by Cooperativa Lechera de
Antioquia (Colanta), located in Santa Rosa de Osos
municipality (Antioquia, Colombia). The distance and
transport time from the farm to the slaughterhouse was
183 km and 12 hours, respectively.

Animals and management

A total of 28 intact Holstein males were used.
The animals were fed on a rotational grazing system
with Kikuyu grass (Pennisetum clandestinum) and
supplemented daily with 1 kg of reconstituted grain
silage (corn and wheat). Mineral salt and water were
offered ad libitum throughout the production cycle.
The chemical composition of the feed is presented
in table 1.

Animals were slaughtered at 26 months of age,
weighing approximately 330 kg. Prior to transport
to the slaughterhouse, the animals were fasted for 6
hours, and then weighed to determine body weight
on the farm (BWF). Once in the slaughterhouse,
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animals were weighed again to record the weight
at the arrival (BWS) and to calculate weight losses
during transport. Then, animals were housed in
groups of 14 bulls (3.5 m*/animal) and spent another
12 hours without feed but with free access to
drinking water.

Table 1. Chemical-bromatological composition (%) of feed’.

Kikuyo grass Corn (Zea Wheat (Triti-

Composition? (P. clandesti- mays) cum aesti-
num) silage vum) silage

DM 16.60 62.50 55.22

CP 14.03 8.47 11.03

IM 8.68 1.71 1.67

NDF 65.10 9.00 9.60

ADF 34.50 3.90 4.40

GE(Kcal/Kg DM) 4437 4465 4427

"Composition of the mineral salt (as-is basis): 5% water, 9% calcium, 4%
phosphorus, 55% sodium chloride, 0.5% magnesium, 6% sulfur, 0.005%
cobalt, 0.3% copper, 0.015% iodine, 0.0075%, selenium, 0.7% zinc, 0.04%,
fluorine (max). 2Values expressed in DM basis. DM= dry matter, CP= crude
protein, IM= inorganic matter, NDF= neutral detergent fiber, ADF= acid
detergent fiber, GE= gross energy.

Animal slaughter was conducted according to the
procedures regularly followed by the slaughterhouse,
using a captive bolt stunner to numb and immediately
kill the animals. Hot carcass weight (HCW) was
measured approximately 15 minutes post mortem.
Then, carcasses were kept at 6 °C for 24 hours and
weighed to obtain cold carcass weight (CCW).
Carcass yield was calculated based on the CCW and
the BWS. The following measurements were taken
in the cooler in accordance with the procedures
stated by the ICTA system for carcass classification
(Amador et al., 1995): carcass length (CL), leg
circumference (LC), backfat thickness (G1 and
G2), and cartilage quantification (CARI1, CAR2
and CAR3). The carcass compactness index (CCI)
was calculated using CL and CCW, according to
the methodology proposed by Bianchi et al. (2006),
where CCI = CCW/CL (kg/cm).

Before deboning, a sample from the left carcass
was collected and weighed. The sample was taken
between ribs 9-11 (HH section). Then, dissection
and prediction of carcass proportions of muscle,
fat and bone was conducted, using the equations
proposed by Hankins and Howe (1946):

Muscle proportion: Y =8.16 + 0.80 X
Adipose tissue proportion: Y = 3.54 + 0.80 X
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Bone proportion: Y =5.52 + 0.57 X
Where X = percentage of components in the HH
section.

During deboning, cuts were weighed using a
scale (accuracy: 0.2 kg).

Determination of total edible meat (TEM)

The TEM was determined by a direct method
and two indirect methods. For the direct method,
cuts obtained during carcass deboning were weighed
to obtain the true-TEM. On the other hand, the
indirect methods were based on equations, namely,
the system proposed by the ICTA (Amador et al.,
1995), in which: TEM (kg) = [- 40.82 + (0.567 *
CCW) - (1,770 * G1) - (2,781 * G2) + (0.248 * CL)
+ (0.247 * LC)], and also on the equation described
by Hankins and Howe (1946), which is based on the
proportion of muscle in the HH section.

Statistical Analysis

Several statistical procedures were performed
to analyze the TEM value obtained by the direct
(true-TEM) and indirect methods. A completely
randomized design was used to evaluate the
treatment effect (represented by the estimation
methods) on TEM, using CCW as a covariate and
the Tukey test for comparison of means. Spearman
correlation analysis and linear regression were
used to evaluate the degree of relationship between
methods. Finally, the Bland-Altman analysis was
used to assess interchangeability between methods
(Bland and Altman, 1986).

Spearman correlation analysis and multiple
regression (Backware method) were conducted for
true-TEM and the following variables: CL, LC, G1,
G2, CARI, and CAR3 CAR?2. Simple regression and
Spearman correlation analysis were also conducted
between true-TEM, CCI and CCW. These analyses
were complemented by descriptive statistics (mean
and standard deviation). All statistical procedures
were done with the SAS statistical program (2001),
with a 5% significance level.

Results

Muscle, fat and bone tissue means (%) obtained
in the carcass and HH section are presented in

table 2. The coefficients of variation (CV) for the
respective tissues were 5.71%, 11.86%, and 35.03%
in section HH, and 4.44%, 8.36%, and 20.68% in
the carcass.

Table 2. Muscle, bone and fat proportions in the HH section and carcass
of Holstein bulls.

Ti iti HH Section’ Carcass?
issue composition Mean SD’° Mean SD
Muscular 7062 4.03 7257 3.22
Bone 23.00 273 18.63 1.56
Adipose 6.38 223 864 1.79

" (tissue weight in HH section/HH section total weight)*100; HH section =
between 9-11 ribs. °Muscle % = 16.08 + 0.80 X; Fat % = 3.54 + 0.80 X;
Bone % =5.52 + 0.57 X; Where X = percentage of components in the HH
section (Hankins and Howe, 1946). °SD = Standard deviation.

Means and standard deviation of the parameters
proposed by ICTA (Amador et al., 1995) are
presented in table 3. The CL and LC traits showed
very low dispersion around the mean (CV < 10%)),
while ossification-related measures showed greater
variability (CV: 35.90%), although lower than that
of fat cover at G1 and G2, whose CV were 80.21%
and 63.01% respectively. The CCW and CCI values,
shown in the same table, had a CV of 16.85% and
13.22%, respectively.

Table 3. Parameters used for Holstein bull carcass assessment.

Trait (cm)’ Mean SD?
CL 139.43 6.20
LC 87.89 6.14
CAR 1 2.49 0.58
CAR 2 1.01 0.41
CAR 3 0.39 0.17
G1 0.15 0.12
G2 0.25 0.15
CCw 152.84 25.74
CCl 1.09 0.14

'CL= Carcass length measured from the anterior and medial border of the
first rib to the anterior edge of the pubic symphysis; LC= leg circumference
measured from the femur-patella-tibia joint, passing through the middle
of the semitendinosus muscle; CAR 1= cartilage present in the anterior,
narrower portion of the sternum manubrium; CAR 2 = cartilage present at the
narrowest point between the first and second sternebrae; CAR 3 = cartilage
present in the narrowest part between the sixth and seventh sternebrae; G1
= fat thickness between the seventh and eighth thoracic vertebrae; G2 = fat
thickness on the most prominent part of the sacrum; CCW = cold carcass
weight; CCI = carcass compactness Index (CCW/CL ).

2SD = Standard deviation.

Table 4 presents the regression models used
to predict true-TEM and CCW from CCI, and the
equation to estimate true-TEM from CCW. The
intercept and regression slope were statistically
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significant (p<0.05) in all cases, and the coefficient
of determination (R?) exceeded 95%. The
Spearman’s correlation coefficient (r) between these
variables was high, greater than 95%, and highly
significant (p<0.0001).

Table 4. Regression models relating total edible meat (TEM), cold carcass
weight (CCW) and carcass compactness index (CCl).

where regression slopes were highly significant
(p<0.0001).

Table 6. Regression models relating total edible meat (TEM) determined
directly and by mathematical approaches.

Related variables

Regression equation

True-TEM (y) vs CCI (x)

y =-42.5783 + 138.5744x

R? = 0.9591
r=0.9793 (p<0.0001)

CCW (y) vs CCl (x) y =-38.6383 + 175.2623x
R2 =0.9662

r = 0.9830 (p<0.0001)
True-TEM (y) vs CCW (x) y =-10.3737 + 0.7798x
R? = 0.9657

r = 0.9827 (p<0.0001)

Table 5 shows the true-TEM obtained by
dissection and separation of all body parts, the
estimated using the ICTA system (Amador et al.,
1995), and the estimate from HH section (Hankins
and Howe, 1946).

Table 5. Total edible meat (TEM, Kg) determined directly and through
mathematical approaches (indirect methods) in the carcass of Holstein
bulls.

Determination method Mean SD’
Direct (True-TEM) 108.81b 20.43
Indirect (HH Section) 111.31a 21.32
Indirect (ICTA) 101.16¢ 16.72
'SD= Standard deviation
Analysis of variance found  statistically

significant difference (p<0.05) between the direct
and each of the indirect methods, as well as among
the latter. Regarding variability around the mean
value, the three methods showed a similar pattern:
the CV ranged between 16.53% and 19.16% for
the TEM estimation with ICTA system and HH
section, respectively, while the true-TEM had an
intermediate value.

The degree of relationship between the true-
TEM (y) and each of the indirect methods (x) was
high, and the Spearman correlation coefficients (r)
were virtually identical (r = 0.9755 and 0.9756)
(Table 6). The linear regression equations relating
these variables are shown in the same table,
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True-TEM (direct method) vs Regression
Predicted-TEM (indirect methods) equation
True-TEM (y) vs TEM (ICTA, 1995) (x) y=-11.7317 + 1.1917 x

R?=0.9516

r = 0.9755 (p<0.0001)

True-TEM (y) vs TEM (Hankins y Howe, y=4.7607 + 0.9348 x
1946)(x) R?=0.9518

r = 0.9756 (p<0.0001)

Figure 1 shows the level of agreement between the
direct (true-TEM) and each of the indirect methods,
assessed with the Bland-Altman interchangeability
test. The Spearman correlation coefficient (r = 0.6752)
and the regression slope ( = 0.2019) were statistically
significant (p<0.0001) when assessed in the regression
and correlation analysis for differences (y) and means
(x) between true and predicted-TEM by the ICTA.
When the same analyses were performed between
true and predicted-TEM using the HH section,
neither the correlation coefficient (r = -0.1912) nor
the regression slope (B = -0.0432) were statistically
significant (p>0.05), indicating that both methods are
interchangeable for estimating TEM.
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Figure 1. Bland-Altman analysis for averages and differences between
direct (true-TEM) and each of the indirect methods (HH-TEM = predicted-
TEM by HH section; ICTA TEM = predicted-TEM by the ICTA system).
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The multiple regression equation obtained by
the true-TEM (y) and the carcass classification
traits proposed by the ICTA (x) corresponded to:
y = -248.52 + (1.88 * CL) + (1.08 * LC), where
the intercept ($0) and the coefficients (f/ and f2)
were statistically significant (Table 7). The R2?
maximum for the resulting regression equation was
0.6832, with CL and LC being the only statistically
significant variables (p<0.05).

Table 7. Carcass traits and their contribution to building the prediction
model for true-TEM.

Trait Partial R p-value

Non significant

G1 0.0030 0.6392
CAR3 0.0110 0.3647
CAR2 0.0113 0.3573
CAR1 0.0117 0.3473
G2 0.0134 0.3142
Significant

CL 0.6264 0.0010
LC 0.0568 0.0444

Spearman correlations between true-TEM-CL
(= 0.7915) and true-TEM-LC (r = 0.7120) were
significant (p<0.0001). The relationship between
true-TEM and each of the evaluation points for
cover fat (G1 and G2) was also significant (p<0.05),
although smaller in magnitude (r = 0.3997 and
0.5450, respectively). The Spearman correlation
coefficient was not significant (p>0.05) between
true-TEM and CAR, CAR3, and CAR2 (data not
shown in table).

Discussion

Carcass yield

Noguera et al. (2012) evaluated the effect of
animal transport on live weight and carcass yield.
They reported 8.40 + 1.10% of BWF as the weight
loss after an eight-hour trip to the slaughterhouse,
slightly higher than the range suggested by
Siemens (1996) for Holstein steers (between
5.5% and 7% of body weight). Carcass yield was
50.60 + 1.60%, which is consistent with the
percentages reported by Gorrachategui (1997)
for dairy cattle performance (50% to 53%). Jorge
et al. (2009) reported 47.0%, 47.3% and 48.2%
carcass yield for Holstein steers slaughtered at 450
kg, 510 kg and 600 kg, respectively, slightly lower

values than those obtained in the present work. In
general, experimental results show greater carcass
yield for beef-type breeds compared to dairy breeds
or mestizos (Peron et al., 1993a; Leme et al.,
2000; Fernandes et al., 2004). Considering dietary
factors, Danner ef al. (1980) noted the inverse linear
relationship between the size of organs and carcass
yield. Grazing animals whose diet is primarily
forage —as in this study— have high abdominal
capacity, large organs and low meat yield.

Carcass composition

According to Carvalho et al. (2003), tissue
accumulation in animals follow certain patterns
of priority; first the viscera grows, then the bone
and muscle tissue, and finally the adipose tissue.
Carvalho et al. (2003) evaluated tissue composition
of Holstein calves slaughtered at 87 kg. They
found 55.98%, 31.92%, and 7.2% muscle, bone,
and adipose tissue, respectively, determined in the
HH-section. In Holstein calves slaughtered at 170
kg, Almeida Junior et al. (2008) found 61.57%,
19.97%, and 17.76% for muscle, bone, and fat,
respectively. Signoretti et al. (1999) evaluated
Holstein calves slaughtered at 190 kg, obtaining
similar means: 59.60% for muscle, 18.51% for
bone and 21.80% for fat. Rodrigues Filho et al.
(2003) evaluated Holstein males slaughtered at 215
kg, reporting 64.78% muscle, 17.28% bone, and
18.15% fat. Finally, Zea et al. (2008) in 370 kg, 410
kg, and 450 kg Holstein bulls found percentages
of muscle, bone, and fat, fluctuating between
72.31% to 72.93%, 22.22% to 22.49%, and 4.57%
to 5.47%, respectively, which closely resembles
those observed in the present study, specifically the
muscle and fat components (Table 2). According
to the trend presented in the cited studies, muscle
tissue increases with body weight at slaughter.
Animals slaughtered at an older age are more likely
to deposit muscle tissue, following the growth
sequence described by Scanes (2003): first nerve,
then bone, followed by muscle and adipose tissue.

The similarity between bone tissue predicted
from HH section in this study and the percentage
referenced in the literature (Junior Almeida et al.,
2008; Zea et al., 2008; Rodrigues Filho et al., 2003;
Signoretti et al., 1999) could be due to the fact
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that bone proportion in the carcass has the lowest
percentage change and slowly decreases as total
weight increases. The bone proportion observed
by the cited researchers and the present study were
relatively similar, although the slaughter weights
varied greatly (between 170 kg and 450 kg). This
is because bone tissue grows faster at an early age,
muscle tissue at an intermediate age, and adipose
tissue at an older age (Berg and Butterfield, 1979).

Finally, this study showed a low fat percentage
compared to the previously cited reports. This could
be a result of differences in nutritional management,
since the animals were kept in pasture and wet grain
silage represented only 1 kg/day. The high CV for
this component (CV = 35.03%) is supported by
Prescott (1982), who argues that fat is the carcass
component with the highest quantitative variability,
even in animals of the same weight. Genotype and
sexual condition of animals in this study may also
have determined the predicted fat percentage from
HH section. Bos taurus breeds and intact animals
have less fat deposition in the carcass. At a similar
gain rate, larger breeds at maturity —that is, more
delayed for adipose tissue deposition— have a
higher percentage of protein in relation to fat,
reflecting increased muscle tissue and reduced
adipose tissue (Toelle et al., 1986). Furthermore,
taurine breeds have more abundant internal fat
deposits versus peripheral fat in comparison to Zebu
(Peron et al., 1993b). Regarding sexual condition,
intact males have less body fat than castrated males.
The low fat deposition and increased protein gain
in intact animals is explained by the secretion of
androgenic hormones, which are steroid substances
with pronounced anabolic effects (Guiroy et al.,
2002).

Carcass evaluation according to the ICTA system

The study of carcass traits is important for the
farmer and the meat packing industry. It allows
the farmer to monitor the final product’s quality
and allows the packer to evaluate the purchased
product. The carcass has edible and inedible
meat, with bones representing the majority of the
inedible portion. As the animal grows, the amount
of cartilage decreases to form bone, leading to a
decrease in the CAR values (1, 2 and 3). Cartilage
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quantification at the anatomical sites described
by ICTA allowed determining animal age (2 to 3
years), although with a high variability (Table 3).
Nevertheless, this variability was not a constraint to
establish the ossification age because of the range
the system assigns to each parameter (CAR 1 = 1.0
to 3.0; CAR 2 =0.5t0 1.0; CAR 3 = 0.3 to 0.6, for
animals between 2 and 3 years of age). However,
variability for CAR 2 led to a value outside the
proposed reference limits.

According to the total fat coverage and
intermuscular fat determined at G1 and G2 sites,
carcasses in this study had a low degree of finish
(grade 0; Table 3). Variability in this parameter may
lead to bias in carcass classification, considering
that standard deviation for G1 and G2 would allow
assigning a grade 1 scoring. Fat coverage, besides
being an indication of carcass composition in
terms of fat percentage (Nunes de Souza, 2010) is
associated with quality, as it protects meat against
redness by dehydration and cooling. According
to Pereira et al. (2008) and Jorge et al. (2009), fat
coverage should be between 3 mm and 6 mm.
According to this, the average value observed in
this study ensured low water loss during cooling and
low carcass weight loss.

Contrary to the parameters used to assess
cartilage tissue and degree of finish, dispersion
around the mean was very low for LC and CL
(Table 3). The LC measures carcass conformation
degree, thus assessing muscle development.
According to the ICTA system, high conformation
implies the animal is better suited for meat
production, larger cuts and higher proportion of
meat per carcass are obtained, and higher carcass
quality and commercial value can be expected. The
average LC value found in the present study (87.89
cm) implies an excellent carcass conformation
degree (greater than 80 cm) according to the ICTA
rating scale.

The CCI (which is the relationship between
CCW and CL) is more interesting than CL alone.
The higher the CCI the greater the amount of
muscle tissue and therefore the greater the carcass
yield (Urrutia et al., 2010). The regression and
correlation analysis (Table 4) confirmed the positive
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and significant relationship between CCW-CCI and
true-TEM-CCI, in agreement with Urrutia et al.,
2010. According to Soria ef al. (2011) CCl is related
to muscularity, allowing comparing carcasses
regardless of their weight. The mean value for this
variable (1.09 kg/cm; Table 3) is below the values
reported by Urrutia et al. (2010) (between 2.19 and
2.33), and Carballo et al. (2004). Working with
cattle, the latter authors indicated that CCI was
between 1.81 and 1.95 for the highest conformation
carcasses, while the lowest conformation fluctuated
between 1.38 and 1.57 kg/cm. The low values in
this study are possibly due to the early age at which
animals were slaughtered and their genetic group,
as both traits may affect the degree of muscle tissue
deposition.

Determination of total edible meat

The analysis of variance detected statistically
significant difference between all TEM methods
(Table 5). The regression analysis and Spearman
correlation (Table 6) shows a strong relationship
between the direct and indirect methods. These
results, however, should be taken with discretion,
considering regression-correlation analysis
assesses the relationship degree, but not matching
(interchangeability) between methods. The Bland-
Altman test (Figure 1) is based on correlation and
regression analysis for differences (y) and means
(x) between the methods compared. In this test,
the Spearman correlation coefficient (r) and the
regression slope (f) were statistically significant
when true-TEM was compared with predicted-
TEM by the ICTA. Statistical significance of » and
p indicates that the discrepancy between direct
and indirect methods proposed by the ICTA was
not constant throughout the distribution range,
but showed a tendency to increase with increasing
values. When the direct method (true-TEM) was
contrasted with the indirect based on HH section
composition, the differences had a tendency to
decrease with increasing average values. However,
both r and f were not statistically significant,
leading to the conclusion that both methods can
be interchanged. The trend in the Bland-Altman
interchangeability test corresponds with the mean
values in the evaluation methods. As shown in table
5, the TEM value estimated by ICTA was 7.03%

lower than the true value, while predicted-TEM
from HH section was 2.30% higher. While the three
methods were statistically different, the lowest
difference between the direct and the HH section
method is in agreement with the interchangeability
registered. In the Bland-Altman test, the differences
(residuals) between true-TEM and ICTA TEM were
mostly positive, which is why the points are above
zero in the abscissa (Figure 1), concluding that the
ICTA system underestimates the true values. The
opposite situation occurred for residuals between
true-TEM and TEM estimated from HH section.

Finally, it is important to highlight the statistical
significance of CL and LC independent variables
in the multiple regression equation used to predict
true-TEM (Table 7). This corresponds with the
positive and relatively high correlation presented
between these variables (» = 0.7915 for CL true-
TEM; r = 0.7120 for LC true-TEM), which did not
happen between true-TEM and G1, G2, CAR 1,
CAR 2, and CAR 3. Velasquez and Alvarez (2004)
also reported a positive correlation between LC and
TEM (r = 0.62), though it was smaller than that in
the present study.

According to this study, the method based on
the muscle proportion between ribs 9-11 is useful
for estimating carcass TEM in male Holstein cattle.
However, more studies are needed to validate this
conclusion. Furthermore, a greater age at slaughter
is proposed in order to obtain a better degree of
finish and more edible meat, considering that
Holstein (Bos taurus) arrives to maturity later than
Zebu (Toelle et al., 1986).
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