DOI: 10.5433/1679-0359.2016v37n2p1007

Carcass physical composition and physic-chemical characteristics of
meat from Nellore cattle
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Abstract

Assessment of carcass physical composition and physicochemical characteristics of meat from Nellore
males distributed randomly into three treatments: males castrated at 13 months of age at puberty (n=26);
castrated at 18 months of age, 15 days before confinement (n=26); and young bulls (n=25). For the
evaluation of meat chemical characteristics, we used samples of 12 animals taken at random from each
treatment. The experimental design was completely randomized. Animals were slaughtered at 22 months
of age after 100 days of confinement. The carcasses of young bulls showed higher contents of muscle
(66.46 %) and bone (16.03 %), and lower fat content (17.66 %), in relation to that of steers castrated
at 13 (62.83,15.28, and 22.11 %, respectively) or 18 months (63.99, 15.29, and 21.53%, respectively),
which did not differ amongst themselves. The meat of young bulls was darker (3.07 points) than the meat
from those castrated at 13 months of age (3.43 points), while the meat from those castrated at 18 months
displayed an intermediate color (3.29 points), not differing from the others. Young bulls yielded meat
with lower content of intramuscular fat (3.18 points) and lipids (3.81%) in relation to those castrated at
13 (4.58 points and 6.77%, respectively) or 18 months (4.52 points and 5.66%, respectively). Protein
content was higher (P<.05) in meat from steers castrated at 13 months in relation to young bulls. The
shear strength of the muscle fibers was not altered (P> 0.05) by the age of castration, with young bulls
having lower values in relation to the castrated males. Castration of Nellore young bulls in early puberty
increases the edible portion of the carcass due to the higher body fat deposit.
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Resumo

Avaliagao da composicdo fisica da carcaca e das caracteristicas fisico-quimicas da carne de tourinhos
e novilhos Nelore distribuidos aleatoriamente em trés tratamentos: machos castrados aos 13 meses de
idade, no inicio da puberdade (n=26); castrados aos 18 meses, 15 dias antes do inicio do confinamento
(n=26); e ndo castrados (n=25). O delineamento experimental utilizado foi o inteiramente casualizado
com 12 repeti¢gdes. Os animais foram abatidos com 22 meses de idade apds 100 dias de confinamento.
Os tourinhos apresentaram maior conteudo de musculo (66,46%) e osso (16,03%), e menor contetdo de
gordura (17,66%) na carcaga em relacdo aos castrados com 13 (62,83; 15,28 e 22,11%, respectivamente)
ou 18 meses (63,99; 15,30 e 20,96%, respectivamente), que nao diferiram entre si. A carne de tourinhos
foi mais escura (3,07 pontos) em relagdo aos castrados aos 13 meses de idade (3,43 pontos), enquanto
a carne dos castrados aos 18 meses apresentou coloragdo intermediaria (3,29 pontos), ndo diferindo
dos demais. Tourinhos produziram carne com menor conteiido de gordura intramuscular (3,18 pontos)
e de lipidios (3,81%) em relagdo aos castrados com 13 meses (4,58 pontos e 6,77%, respectivamente)
ou 18 meses de idade (4,52 pontos e 5,66%, respectivamente). O teor de proteina foi maior (P<0,05) na
carne dos novilhos castrados aos 13 meses em relagdo aos tourinhos. A forga de cisalhamento das fibras
musculares foi maior nos animais castrados aos 13 meses em relagdo aos ndo castrados. A castragao de
tourinhos Nelore no inicio da puberdade aumenta a por¢do comestivel da carcaga em razdo do depdsito

de gordura corporal.

Palavras-chave: Bovinos. Condicao sexual. Idade de castragao. Lipidios.

Introduction

The carcass and meat quality reflects the
productive environment, in which sanity and
nutrition are the major obstacles for the national beef
cattle chain. The Brazilian production system has
the notable characteristic of performing slaughter
at an advanced age, and animals finished with an
inappropriate carcass fat cover, which influence
the quality of carcass and meat (PACHECO
et al., 2005; WEBB; O’NEILL, 2008). These
productive characteristics are determined mainly
by the inadequate nutritional management and the
practice of finishing animals intact. Coupled with
this, the zebu cattle have a high participation in the
Brazilian herd, and this genotype is recognized for
producing meat of lower quality compared with
specialized European breeds. This lower quality is
a consequence of the lower marbling, high content
of insoluble collagen and muscle calpastatin, and
the temperament of these animals being more prone
to stress, which can culminate in lower muscle
glycogen stores pre-slaughter and the production of
darker, less juicy, and less palatable meat (FELICIO,
1997; ALVES et al., 2005).

The slaughter of intact animals may be a
paradigm. Although the performance of these
animals is superior to that of castrated animals
(SILVA et al., 2012), the meat from the former
presents less desirable characteristics, such as darker
color, less marbling, and less tenderness (RESTLE
etal., 1996; KUSS etal., 2010). According to Restle
et al. (1996), these less desirable characteristics
of the carcass and meat of intact cattle result in
less carcass fat cover, mainly. The moment of
castration, in this scenario, seems to be the way
to overcome this situation, as it can modulate the
period of action of androgenic hormones, the main
responsible for the differentiation of carcass and
meat characteristics between intact and castrated
animals (GALBRAITH et al., 1978; SEIDEMAN
et al., 1982). The castration performed pre-puberty,
in this regard, has been studied as an option to
benefit the animal performance without impairing
the carcass and meat characteristics (MICOL et al.,
2009; PRADO et al., 2014). However, few studies
have been carried out evaluating castration indices
in feedlot-finished Nellore cattle, which would be
relevant, since breed and nutrition are important
factors to puberty in cattle (SCHILLO et al., 1992;
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CASAS et al., 2007). Therefore, the objective
of the present study was to evaluate the physical
composition of the carcass and the physicochemical
composition of the meat from feedlot-finished
Nellore young bulls or steers castrated at 13 or 18
months of age.

Material and Methods

Seventy-seven Nellore male cattle with an
average initial weight of 222 kg were distributed
randomly into three treatments: 26 castrated at 13
months of age (early puberty), 26 castrated at 18
months of age (fifteen days before the beginning
of confinement), and 25 intact males. Castration
was performed by scrotal incision. The animals
spent their post-weaning period (January to July)
on a Brachiaria brizantha cv. Marandu pasture,
receiving mineral supplementation ad [libitum,
with the stocking rate fixed at 2 animals/ha. From
August, the animals, having an average body
weight of 290+20,5 kg, were confined and fed
ad libitum three daily meals (08h00, 12h00, and
17h00), for 100 days. Feed intake was controlled
daily by weighing the feed supplied and orts. The
diet was formulated to provide a gain of 1.2 kg/
day, considering an intake of 2.4% of the body
weight, according to NRC (1996). The roughage/
concentrate ratio of the diet was 60/40 (dry-matter
basis). The roughage utilized was corn silage. The
diet contained 53.7% dry matter (DM), 12% crude
protein/kg DM, 48.8% neutral detergent fiber/kg
DM and 2.9 Mcal digestible energy/kg DM.

The animals were slaughtered in a commercial
meatpacking plant, after a total feed-deprivation
period of 14-16 h, following the normal flow of the
slaughter line. After slaughter, the carcasses were
identified, sectioned in half, weighed, washed, and
chilled for 24 at a temperature between 0 and 2
°C. The HH section (9th to 11th ribs; HANKINS;
HOWE, 1946) was taken from the right half-carcass,
and separated into muscle, fat, and bone, whose
weights were used to estimate their participation in

the carcass. The marbling (1 to 3 = traces; 4 to 6 =
slight; 7 to 9 = little; 10 to 12 = medium; 13 to 15 =
moderate; 16 to 18 = abundant), color (1 = dark; 2
= dark red; 3 = slightly-dark red; 4 = red; 5 = bright
red), and texture (1 = too coarse; 2 = coarse; 3 =
slightly ; 4 = fine; 5 = too fine) of the meat were
determined on the surface of the longissimus dorsi
muscle, between the 12th and 13th ribs (MULLER,
1987).

The longissimus dorsi muscle from the HH
section was identified and frozen at -18 °C. Three
months later, a 2.5-cm-thick steak was taken from
each portion of the muscle, and then identified,
conditioned in aluminum trays, and thawed for 12 h
at 4 °C. Afterwards, steaks were roasted in an oven
until their internal temperature reached 70 °C. After,
cooked steaks were chilled for 24 h at 4 °C. Of these,
three cylinder-shaped cuts with an area of 1.0 cm?
were extracted per steak, cut perpendicular to the
fiber direction in a Warner-Bratzler Shear machine,
and the shear force of the muscle fibers was read.

To evaluate the chemical characteristics of the
meat, samples of the longissimus dorsi muscle
from 12 animals were taken randomly from each
treatment. The samples, without the fat layer, were
dried in a forced-air oven (100 °C) and ground in a
Wiley mill (1 mm particle). The dry matter, mineral
matter, crude protein, and ether extract contents in
these samples were determined according to AOAC
(1990).

Once satisfied the assumptions of normality and
homogeneity of variance, the data were submitted
to ANOVA and orthogonal contrasts, and the
averages compared by Tukey test at 5% probability,
using the PROC GLM of SAS (Statistical Analysis
System, version 9.2). The sum of squares of the
contrasts analysis of treatments was decomposed in
the orthogonal contrast: castrated at different ages
vs. intact males. The general mathematical model
used was: V=R T e where: V= dependent
variable; u= general average; t= effect of the
treatment i; €, = residual experimental error.
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Results and Discussion

Delaying castration age increased (P<0.05) the
amount of muscle (kg) in the carcass of the castrated
animals, which showed lower values as compared
with the intact ones (Table 1). The increased amount
of muscle caused by delaying the castration age
can be attributed to the period of activity of the
androgenic hormones. According to McCarthy et al.
(1979), significant increases in the secretion of this
hormone occurs from four to six months of age, and
it is four times greater in pubertal than pre-pubertal
Nellore bulls. Although the absolute amount of
muscle in the carcasses increased with the delaying
of the castration age, no alterations in the percentage
of muscle of the carcasses were observed with the of
castration age from 13 to 18 months, demonstrating

that the increase in the absolute amount of muscle
in the carcass was not sufficient to change its
proportion in relation to the cold carcass weight.
However, the percentage of muscle was higher
(P<0.05) in the carcass of the intact compared with
the castrated cattle, which may be attributed to the
activity of the androgenic hormones (MCCARTHY
etal., 1979). The amount of fat in the carcass, on the
other hand, was not changed (P>0.05) by delaying
the age at castration, with higher values observed
in the castrated compared with the intact animals.
According to Galbraith et al. (1978) and Seideman
et al. (1982), the action of androgenic hormones,
especially testosterone, reduces the catabolism of
amino acids and increases the utilization of urea in
the synthesis of amino acids, thereby increasing the
muscle synthesis over the fat synthesis.

Table 1. Physical composition of intact males housing (I) or neutered (C) to 13 months (C13) or 18 months (C18) old,

feedlot finished.
Ttems Treatments (0\Y% Contrast
C13 C18 I (%) Ivs.C
Slaughter weight, kg 371,73b 379.81b 395,00a 6,14 <0,001
Cold carcass weight, kg 193,33b 199,53b 212,21a 4,46 0,015
Muscle, kg 121,40c 127,70b 141,11a 8,64 <0,001
Muscle, % cold carcass weight 62,83b 63,99b 66,46a 4,24 <0,001
Fat, kg 42.76a 41,75a 37,44b 14,62 0,001
Fat, % cold carcass weight 22,11a 20,96a 17,66b 12,72 <0,001
Bone, kg 29,56b 30,58b 34,00a 11,20 <0,001
Bone, % cold carcass weight 15,28b 15,30b 16,03a 7,23 0,008
Muscle/bone 4,13 4,20 4,18 9,88 0,872
Muscle/fat 2,87b 3,11b 4,03a 11,83 <0,001
Muscle + fat/bone 5,59a 5,58ab 5,30b 9,31 0,024

Means followed by different letters, in the row, differ (P <0.05) by Tukey’s test; CV = coefficient of variation.

The bone tissue was not changed (P>0.05) by
delaying the castration age from 13 to 18 months,
with lower values found in the castrated compared
with the intact animals (Table 1). Evaluating two
castration ages (2 or 7 months), Micol et al. (2009)
did not find alterations in the carcass tissues of
Charolais steers, which was explained by the

fact that the castration was performed before the
establishment of the androgen receptors. Likewise,
Climaco et al. (2006) did not observe alterations in
the amount of bone in the carcass between intact or
castrated steers, which was attributed to the similar
body development of these animals. However, the
obtained results agreed with those presented by
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Restle et al. (1996), Kuss et al. (2010), and Moletta
et al. (2014), who found a larger quantity of bone in
the carcasses of young bulls, as a consequence of
the greater body development of this category. This
hypothesis can also explain the obtained results,
since the intact animals had a heavier body weight
as compared with the castrated, which did not differ
amongst themselves. These results demonstrate that
the intact animals had greater body development
and were thus physiologically older at slaughter,
which possibly anticipated their bone growth in
relation to the castrated animals. The bone tissue has
its greatest growth impulse occurring in the younger
life stage of the animal, whereas the muscle tissue
growth is boosted in the intermediate life stage, and
the fat tissue in a more advanced stage (OWENS
et al., 1995). It should be noted that physiological
maturity corresponds to the current weight in
relation to the maximum body weight, whereas the
maturity rate and the fat-cover rates are related to
the body-weight-increase rates and to the earliness
of deposition of body fat, respectively (DI MARCO
et al., 1994). Thus, intact cattle can be characterized
as having rapid maturation and late finishing,
whereas castrated cattle can be characterized as
having early finishing, but not faster maturation.
This occurs because the intact cattle usually have
higher body weight gain rates than the castrated, but
body fat starts to be deposited later in relation to the
castrated (BERG; BUTTERFIELD, 1976).

The muscle/bone ratio did not change (P>0.05)
with the castration age, in castrated or intact
animals (Table 1). These results demonstrate that
the variation in muscle tissue as a function of
castration age or category (castrated or intact) was
not sufficient to change the muscle/bone ratio. This
ratio has a great importance because, of the tissues
that compose the carcass, the muscle is the most
desired by the consumer (DI MARCO et al., 1994).
The muscle/fat ratio, on the other hand, was higher
(P<0.05) in the intact compared with the castrated
animals, not differing between the animals castrated
at 13 and 18 months of age. These results show that

finishing animals intact can be an alternative to meet
the demand for leaner meats. The presented results
were similar to those obtained by Vaz et al. (2014),
who found a higher muscle/bone ratio in young
bulls of a dairy breed compared with castrated
animals. These authors reported, however, that the
castrated animals had the lower muscle/bone ratio
compensated when the total carcass edible tissues
(muscle + fat) were evaluated, because of the greater
fat content.

The edible portion (Table 1), represented by the
muscle + fat/bone ratio, was larger in the animals
castrated at 13 months as compared with the intact
males, which showed carcasses with similar edible
portion to that of those castrated at 18 months,
which in turn did not differ from those castrated
at 13 months. These results show that delaying
the castration aiming at obtaining benefits with
the action of androgenic hormones was not viable,
because keeping the animals intact for a longer
period reduced the deposition of body fat, and
consequently the carcass edible portion was reduced.
Similarly, Lazzaroni and Biagini (2008) evaluated
the characteristics of the carcass of Piedmontese
young bulls or steers castrated at five months of age
(pre-puberty) or at 13 months of age (post-puberty),
slaughtered at 18 months of age, and concluded
that there are no advantages, from the meat-yield
perspective, in delaying the castration age compared
with performing the castration before puberty. The
most evident differences found by these researchers
occurred between intact and castrated animals, with
the edible portion being, differently from the present
study, greater in the intact animals. The difference
between the results obtained in the present study
and by the abovementioned researchers can be
somehow attributed to the genotype of the animals,
since, unlike the genotype utilized in this study
(Nellore), the Piedmontese breed is characterized
as having “double muscling”, with little deposition
of body fat. Restle et al. (1996), however, also
found a greater yield for the edible portion in steers
castrated by different methods (Burdizzo or knife)
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at eight months of age in relation to the intact; both
categories originating from the cross between the
Charolais and Nellore breeds and raised on pasture,
slaughtered at 25 months of age. Knight et al. (2010)
evaluated the carcass traits of young bulls or steers
castrated at 7 or 17 months of age and concluded
that the weight loss from castration post-puberty
is greater than the change in the carcass attributes,
with little opportunity of exploiting this type of
castration to obtain economic advantages.

The intact young bulls produced meat with
a darker color (P<0.05) compared with those
slaughtered at 13 months of age (Table 2); those

castrated at 18 months of age displayed intermediate
values for this attribute. Overall, the meat was
classified as “slightly dark red”, in which the meat
from the young bulls displayed (P=0.059) a darker
color which may be explained by the more reactive
behavior of this animal category. The increased
pre-slaughter stress can result in a reduction of
the stores of muscle glycogen, limiting the post-
slaughter pH decline (SEGATO et al., 2005; KUSS
et al., 2010; CAFE et al., 2011). The maintenance
of a higher pH is followed by a low redox potential
and formation of oxymyoglobin, responsible for
the meat bright red color (ABRIL et al., 2001;
MUCHENIJE et al., 2009).

Table 2. Meat characteristics of intact males (I) or castrated (C) to 13 (C13) or 18 (18) months old, feedlot finished.

Items Treatments (0\Y% Contrast
C13 CI18 I (%) Ivs.C
Color, points 3,43a 3,29ab 3,07b 19,29 0,059
Texture, points 3,66a 3,61ab 3,29b 18,95 0,036
Marbling, points 4,58a 4,52a 3,18b 23,78 0,003
Shear force, kgf/cm? 10,96a 11,11a 9,12b 25,95 0,005
Dry matter, % natural matter 24,95a 24.62ab 23,97b 3,45 0,010
Mineral matter, % dry matter 4,25b 4,34ab 4,50a 3,53 0,074
Crude protein, % dry matter 22.41a 21,99ab 21,590 3,56 0,034
Ether extract, % dry matter 6,77a 5,66a 3,81b 18,55 0,001

Means followed by different letters, in the row, differ (P <0.05) by Tukey’s test; CV = coefficient of variation.

The meat from the intact young bulls had a
coarser texture (P<0.05) in relation to that of the
animals castrated at 13 months of age (Table 2),
and intermediate values were found for those
castrated at 18 months of age. The meat texture was
classified, in general, as “slightly coarse”, with the
young bulls having coarser meat (P<0.05) than the
steers, which agrees with the results obtained by
Restle et al. (1996). Micol et al. (2009) evaluated
two ages at castration (2 or 10 months) and found an
increase in the area of the muscle fibers by delaying
castration, which was attributed to the action of
androgen hormones. Another aspect that might have

contributed to these results is the lower fat-cover
degree of intact cattle (RESTLE et al., 2000), which
canresultin alarger loss of liquids during the chilling
period (WEBB; O’NEILL, 2008). The increase in
the loss of liquids may lead to greater dehydration of
the muscle fibers and consequent reduction of their
area, since the texture was evaluated subjectively,
according to the methodology of Miiller (1987),
based on the granulation that the muscle surface
showed after the cut.

Marbling did not change (P>0.05) with the
castration age, but it was higher in the castrated
compared with the intact males (Table 2). Micol
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et al. (2009) did not find marbling alterations by
advancing the castration age from 2 to 10 months
of age, which is associated with the fact that
castration occurred before puberty. Segato et al.
(2005), on the other hand, found increased marbling
by anticipating the castration age from 12 to 10
months of age. In the present study, the similar
intramuscular fat contents between the castration
ages were possibly associated with the similar body
development of the animals. The results observed
in presented study were similar to those reported
by Restle et al. (1996) and Kuss et al. (2010), who
observed greater meat marbling in castrated animals
compared with the intact ones. The present results
indicate, in this context, that intact cattle need to be
fed up to more advanced ages and/or body weights
so that they can achieve similar meat marbling to
that of castrated cattle.

The shear force of the muscle fibers was not
altered (P>0.05) by the castration age, and was
lower in the intact animals as compared with the
castrated (Table 2). The presented results were
consistent with those found in the literature, in
which castrations performed between 15 days and
5 months of age (PRADO et al., 2014), 5 and 13
months of age (DESTEFANIS et al., 2003), or 7 and
16 months of age (PARRASSIN et al., 1999) did not
result in changes in meat tenderness. However, Field
(1971), in a review about castrated and intact cattle,
stated that studies reporting intact cattle providing
more-tender meat in relation to the castrated are
not common. In general, it is expected to shear
force majeure in intact males due to intact animals
have greater excitability pre-slaughter, and by the
maintenance of higher meat pH at the post-slaughter
(VAZ; RESTLE, 2000; KUSS et al., 2010), lower
fat-cover content and marbling (KOOHMARAIE
et al., 1996; RODRIGUES; ANDRADE, 2004),
greater insoluble collagen content (GERRARD et
al., 1987; DESTEFANIS et al., 2003), and higher
level of muscle calpastatin (MORGAN et al., 1993;
MICOL et al., 2009). Even so when differences in
favor of the bulls for shear force are found, refer to

animals slaughtered aged up to 14 months (VAZ;
RESTLE, 2000).

The dry matter was higher (P<0.05) in the meet
of the animals castrated at 13 months of age in
relation to the intact cattle (Table 2). Intermediate
values were found in those castrated at 18 months,
which did not differ from the others. These results
were attributed to the marbling of the meat, given
that the fat tissue has lower water content than
the muscle tissue (OWENS et al., 1995). Similar
results were obtained by Destefanis et al. (2003),
who, evaluating meat from young bulls or steers
castrated at 5 or 13 months of age, detected higher
moisture contents in the young bulls compared with
the castrated animals, which did not differ amongst
themselves. Likewise, Climaco et al. (2006) found
that young bulls yielded meat with a greater
moisture content in relation to the steers, which is
also attributed to the greater water-holding capacity,
which kept pH values high in the meat from the
intact compared with steers.

The ash content was higher (P<0.05) in the meat
from the castrated at 13 months of age compared
with the intact cattle, and intermediate values were
present in the meat from the castrated at 18 months
of age (Table 2). These results were consistent
with those presented by Prado et al. (2014) and
Segato et al. (2005), who did not find alterations
in the ash content of meat from steers castrated at
different ages. In this study, the ash content was
lower (P=0.074) in the meat from the castrated
compared with the intact animals. Rodrigues and
Andrade (2004) observed a lower ash content in
the meat from castrated cattle. According to these
researchers, the greater fat content in the meat from
castrated cattle provides a reduction in the other
meat components as compared with the intact cattle.
Nevertheless, most of the studies demonstrate similar
ash contents in the meat from intact and castrated
cattle (FERNANDES et al., 2009; ZHANG et al.,
2010). It is noteworthy that the values observed for
the ash content in the meat were higher than those
presented in the literature (FERNANDES et al.,
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2009; ZHANG et al., 2010; PRADO et al., 2014), in
which the ash content from the meat of male cattle
varied between 1% and 1.86%. The cause-and-
effect factors that determined the higher values for
the ash content in the meat from the animals of this
study in relation to the consulted literature were not
elucidated.

The meat from the steers castrated at 13 months
of age had a higher (P<0.05) protein content as
compared with that from the intact steers (Table
2), and those castrated at 18 months displayed with
intermediate values, not differing from the others.
These results were somewhat similar to those
obtained by Prado et al. (2014), who found that
the crude protein of the meat tended to be higher
in animals castrated at 15 days of age as compared
with those castrated at 5 months of age. However,
Segato et al. (2005) found a trend of castrated
animals at younger ages to have meat with a lower
crude protein content as compared with those
castrated at later ages. Destefanis et al. (2003), in the
same way, found variable results for the meat crude
protein content, in which the animals castrated at 5
months had higher values than the intact males, and
intermediate values were found in those castrated at
13 months age. Like in the present study, Climaco
et al. (2006) also obtained a higher crude protein
content in the meat from castrated animals, but
the elucidation of the cause-and-effect factors
determining these results was not established. Yet,
in general, a greater proportion of muscle in the
carcass of intact animals is expected to be translated
into a higher percentage of crude protein in the meat
(SEGATO et al., 2005).

The ether extract content of the meat did not
change (P>0.05) with the castration age (Table 2);
however, it was higher in the castrated compared
with intact cattle, which may be attributed to the
greater meat intramuscular fat content. Destefanis
et al. (2003) mentions that castration leads to
a decrease in moisture and an increase in the fat
content of muscles, with a more pronounced effect
in animals castrated younger, affecting the meat

ether-extract content. In general, the obtained
results were similar to those presented in the
literature (CLIMACO et al., 2006; ZHANG et al.,
2010), in which greater ether extract contents have
been found in meat from castrated compared with
intact animals.

Conclusions

The castration of young Nellore bulls in early
puberty increases the edible portion of the carcass
compared with intact animals slaughtered at a
similar age, as a result of the greater deposition of
body fat.

When intact and castrated cattle are slaughtered
at similar ages, castration provides a higher
percentage of fat in the carcasses and meat
physicochemical properties of better acceptability
by consumers.
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