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ABSTRACT

The objective of this study was to evaluate the carcass characteristics (carcass weight, carcass yield, fat thickness,
loin area, marbling and colour) and chemical composition of the Longissimus dorsi muscle (moisture, ash, crude
protein, fat and cholesterol) of cuts with or without fat thickness, of Bos indicus and Bos indicus x Bos taurus
crossbred steers finished in millet (Pennisetum americanum L.) or star grass (Cynodon plectostachyus Pilger)
pasture systems, with mineral or mineral protein supplementation. Animals were slaughtered with an average body
weight of 450 kg (Bos indicus) or 470 kg (Bos indicus x Bos taurus crossbreed). There was no treatments effect on
carcass characteristics and meat chemical composition of cut without fat thickness. The cuts with fat thickness of
steers fed millet presented the highest fat deposition. Bos indicus steers presented higher carcass yield (57.23%) and
fat thickness (4.88 mm) compared with crossbreed (53.40% and 3.05 mm). There was no breed effect on chemical
composition of meat. The mean levels of cholesterol concentration were 31.41 mg/100 and 37.55 mg/100g of meat
with and without fat thickness.
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INTRODUCTION

Brazil has the biggest commercial cattle herd in
the world, with approximately 161 million animals
and a production of approximately 7 million tons
of carcass each year (FNP, 2001). Brazil has the
great potential to become the highest bovine meat
producer and exporter, but, to achieve such
position, it is extremely important to control the
quality of the commercialised product.
Bovine meat has excellent nutritional quality
because it has protein of high biological value,
associated with rich vitamin contents. It is an
important source of B-complex vitamins,

associated to a high content of minerals, especially
iron, present in the meat in high bioavailability
form (Saucier, 1999). Bovine meat contains all the
essential amino acids in the right ratio to maintain
the needs of the organism (Pensel, 1998).
However, bovine meat has been mentioned as one
of the factors that may lead to the development of
human cardiovascular diseases, obesity,
hypertension and cancer, especially due to the
presence of saturated fat and cholesterol.
However, low fat contents (less than 5% in the
muscular portion) and low cholesterol contents
(less than 75 mg/100 g) have been observed in
bovine meat chemical analyses, achieving from
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one third to one half of the daily recommended
cholesterol intake (Jiménez Colmenero et al., 2001).
Fat deposition in the carcass may vary according
to feeding management (Mandell et al., 1998),
breed (Rule et al., 1997), sex (Enser et al., 1998),
age and finishing score of the carcass (Owens
et al., 1993). Animals finished in pasture systems
have presented lower fat deposition in the carcass
(French et al., 2000). Differences according to
breed, feeding management or sex of the animals
have not been observed when the cholesterol
present in the skeletal musculature is analysed
(Rule et al., 1997). However, the possibility of an
alteration on the intramuscular cholesterol existed,
if an expressive increase in polyunsaturated acids
concentration occurred.
Some studies on meat chemical composition of
Bos taurus animals finished in feedlot or pasture
could be found in the literature (Camfield et al.,
1997; Rule et al., 1997; Mandell et al., 1998;
French et al., 2000; French et al., 2001), but none
was found of Bos indicus animals fed tropical
pastures.
This objective of this study was to evaluate carcass
characteristics (carcass weight, carcass yield, fat
thickness, loin area, marbling and colour) and
chemical composition of the Longissimus dorsi
muscle (moisture, ash, crude protein, fat and
cholesterol) of cuts with or without fat thickness,
of Bos indicus and Bos indicus x Bos taurus
crossbred steers, finished in millet or star grass
pasture, with mineral or protein mineral
supplementation.

MATERIALS AND METHODS

The experiment was carried out between
the months of November and February in a
private farm located in Centenário do Sul, Paraná
State, Brazil (22º51’south latitude, 51º33’
longitude W-GR).
Seventeen steers were used, 7 Bos indicus (Nelore)
and 10 Bos indicus x Bos taurus crossbreed
assigned to 3 finishing pasture systems: millet
(Pennisetum americanum L.) + mineral salt
supplementation – MMS (1 ½ Nelore x ½
Limousin, 3 ½ Nelore x ½ Girolando and 2
Nelore); star grass (Cynodon plectostachyus
Pilger) + mineral salt supplementation – GMS (2
½ Nelore x ½ Limousin, 1 ½ Nelore x ½
Girolando and 2 Nelore) and star grass + protein
mineral salt supplementation – GPS (2 ½ Nelore x

½ Limousin, 1 ½ Nelore x ½ Girolando and 3
Nelore). The initial animals average weight was
413 kg.
The animals were maintained for 70 days
(1st slaughter) or 83 days (2nd slaughter). The
slaughter occurred when the animals achieved
approximately 450 kg (Bos indicus) or 470 kg
(crossbreed) of body weight.
During grazing time, ten forage samples were
collected from each pasture, each 28 days, being
further homogenised for each treatment, in order
to analyse crude protein and ethereal extract
content described by Silva (1990) and the in vitro
dry matter digestibility according to Tilley and
Terry (1963) methodology, adapted for the use of
artificial rumen, developed by ANKOM, as
described by Holden (1999). The total digestible
nutrients content (TDN) and the metabolizable
energy were estimated from in vitro dry matter
digestibility  (NRC, 1996).
The animals were slaughtered in an abattoir 80 km
away from the farm. Before going to the abattoir,
the animals were submitted to a previous 10-hour
solids and liquids fasting and then had their weight
measured. Shortly after the slaughter, the carcasses
were identified and measured in order to evaluate
the weight and yield of the hot carcass. The
carcasses were chilled for 24 hr at 2oC before the
Longissimus dorsi muscle samples were collected
from the area between the 12th and 13th rib, and
then immediately taken to analysis of loin area, fat
thickness, marbling and colour, as described by
Müller (1987).
After these analyses, the samples were frozen for
future chemical analysis. Two months later, the
samples were thawed at ambient temperature and
separated in two portions. All fat thickness was
removed from one of the samples, and only the
Longissimus dorsi muscle was analysed. The fat
thickness of the other sample was maintained and
analysed along with the muscle portion. These two
cuts were ground and the moisture, ash, crude
protein and fat contents were analysed according
to the AOAC methodology (1980).
The cholesterol extraction was made according to
the method described by Al-Hasani et al. (1993).
The cholesterol quantification was made by a
Shimadzu 14A chromatograph, equipped with
flame ionisation detector and fused silica capillary
column (25 cm x 0.25 mm and 0.20 µm of SE-30).
The temperatures of the injector, column and
detector were of 260, 300 and 300oC, respectively.
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The gas fluxes were 1.5mL/min for the carrier gas
(H2), 25mL/min for the make-up gas (N2); 300
mL/min and 30 mL/min for the flame gases,
synthetic air and H2, respectively. The split used
was of 1/150. The peak areas were determined by

the CG-300 Computing Integrator and the
cholesterol identification was made according to
the patterns determined by Sigma (USA). The
statistical analysis was made using the Statistical
and Genetic Analysis System (SAEG, 1983).

Table 1 - Crude protein (CP), ethereal extract (EE), in vitro dry matter digestibility (IVDMD), total digestible
nutrients (TDN) and metabolizable energy (ME) of dry matter of grass and supplement used in different
treatments.

Food CP
(%/DM)

EE
(%/DM)

IVDMD
(%/DM)

TDN
(%/DM)

ME
(Mcal/kg DM)

Millet 12.41 0.54 72 74 2.68
Star grass 7.41 0.87 47 48 1.74
Protein supplement1 38.00 5.27 - 53 1.83

1soybean meal, cracked corn, urea and mineral premix

RESULTS AND DISCUSSION

The contents of crude protein, ethereal extract, in
vitro dry matter digestibility, TDN and
metabolizable energy of forage and mineral
protein supplement are shown in Table 1. Millet
presented the higher levels of crude protein, in
vitro dry matter digestibility, TDN and
metabolizable energy, when compared to star
grass. Millet is a type of tropical forage of
excellent nutritional value and should be used in
cattle feeding process.
The ethereal extract percentage of the two forages
was low, with values inferior to 1% of dry matter.
However, the protein mineral supplement used
presented the highest ethereal extract value. The
contribution of the ethereal extract of the
supplement on the diet was of low magnitude due
to the low consumption of the protein mineral
supplement obtained during the experimental
period (200g/animal/day).
A difference (P>0.05) among treatments (millet +
mineral salt (MMS), star grass + mineral salt
(GMS) and star grass + protein mineral salt (GPS))
was not observed on slaughter weight, carcass
weight, carcass yield, fat thickness, marbling and
colour of  animals meat (Table 2). However, the
animals submitted to the GMS treatment presented
larger loin area (P<0.05) when compared to the
animals submitted to the MMS and GPS
treatments.
In order to compare the meat of animals
maintained in different production systems, as well
as to evaluate the effect of the genetic group on
meat quality, similar finishing scores of the
carcasses are necessary, once differences in the

finishing score may result in alterations on meat
composition. In this way, Nelore animals were
slaughtered with an average weight of 450 kg and
crossbred animals with an average weight of 470
kg, so that the finishing score for each treatment
was similar, as well as for the different genetic
groups, once crossbred animals need higher body
weight in order to achieve the same finishing score
as Nelore animals.
Carcass yield presented an average value of
54.9%. This value is inferior to the one obtained
by Prado et al. (2000), where non castrated males
(½ Bos indicus x ½ Bos taurus), finished in
feedlot, presented a carcass yield of 57.1%, but is
superior to the value of 52.3% obtained by Leme
et al. (2000), for non-castrated males (½Bos
indicus x ½ Bos taurus) animals. This means that
variations according to animal genetics, its diet or
even the cleaning process in slaugher house exist.
The largest loin area (Longissimus dorsi) was
observed for the animals fed the GMS treatment.
This could be attributed to the number of
crossbred animals in relation to the Nelore
animals. The genetic group affected this parameter
(P<0.01). The effect that was observed on the
treatment would actually be related to the effect of
the genetic group on the loin area but not the
treatment itself. Nelore animals present smaller
loin area than crossbred (½ Bos indicus x ½ Bos
taurus) animals (Table 2). This could explain the
largest loin area observed for the GMS treatment.
There was no treatment effect (P>0.05) on fat
thickness, measured between the 12th and 13th rib
(Table 2). The values found were similar to the
ones observed by Restle et al. (1996), for castrated
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animals, ½ Nelore ½ Charolais, finished in
pasture, with an average fat thickness of 3.5 mm.
Analysing the subjective evaluations of colour and
marbling, differences among the treatments were
not observed (P>0.05), presenting colouring
varying from red to blood red and slight marbling
(Table 2). Restle et al. (1996) observed meat
colouring among slightly dark red to red and slight

marbling for animals in similar conditions.
However, it is important to point out that these
evaluations are subjective, which makes the
comparison of results difficult, since the evaluator
was a different person for the experiments that
were compared.

Table 2 - Slaughter weight (SW), carcass weight (CW), carcass yield (CY), loin area (LA), fat thickness (FT),
marbling (M) and colour (C) of Nelore and crossbred steers finished in different pasture systems.

Treatments SW (kg) CW (kg) CY (%) LA (cm2) FT (mm) M (points)4 C (points)5

MMS1 466 255 54.78 68.53b 4.01 2.85 4.60
GMS2 467 251 53.82 75.78a 4.37 2.25 4.26
GPS3 463 259 56.14 65.46b 3.12 2.62 4.37
SE (%) 3.81 4.03 5.47 4.71 40.81 43.52 9.00

Bos indicus 453b 259 57.23a 66.38b 4.88a 2.30 4.55
Crossbreed 473a 252 53.40b 71.82a 3.05b 2.84 4.27
SE (%) 3.31 4.43 6.00 7.98 40.98 43.79 9.05

1Millet + mineral salt; 2Star grass + mineral salt; 3Star grass + protein and mineral salt; 4Points from 1 (no marbling) to 5 (excess
marbling); 5Points from 1 (dark) to 5 (blood red); Averages in the same column, followed by different letters are different by
Tukey test (P<0.065).

Table 3 - Moisture, ash, crude protein (CP) and fat percentages and cholesterol concentration (mg/100g muscle) of
fresh meat with or without fat thickness of steers finished in different pasture systems.

Moisture Ash CP Fat Cholesterol
Treatments Meat without fat thickness
MMS1 74.38b 0.99b 21.14 1.61 37.17
GMS2 74.71ab 1.03ab 20.79 1.87 39.24
GPS3 75.42a 1.11a 20.58 1.36 35.99
SE (%) 0.59 5.04 7.70 37.87 16.79

Meat with fat thickness
MMS1 64.17b 0.87 18.43 15.22a 30.26
GMS2 67.58ab 0.92 20.07 7.83b 33.72
GPS3 69.29a 0.97 19.18 6.29b 30.24
SE (%) 3.77 11.86 10.87 34.91 22.40

1Millet + mineral salt; 2Star grass + mineral salt; 3Star grass + protein and mineral salt; 4Means in the same column followed by
different letters are different by Tukey test (P<0.065).

When comparing Nelore and crossbred steers
carcass yield, the first ones presented higher
carcass yield (P<0.05). Literature presents similar
or higher values of carcass yield of crossbred
animals when compared to Nelore (Perotto et al.,
2000; Restle et al., 2000). However, it is important
to point out that part of the crossbred animals used
in this experiment were crossbred from dairy cattle
(Girolando) and beef cattle (Nelore). Dairy
animals present lower carcass yield when
compared to animals exclusively destined to meat
production (Leme et al., 2000). This could justify

the lower carcass yield of crossbred animals
obtained in this research.
The Nelore carcass yield was superior to the
value of 54% presented by Jorge et al. (1990) and
Leme et al. (2000). This researches, in spite of
being obtained from non-castrated animals, will
probably not differ from castrated animals, once
the results indicate that there is no difference
between carcass yield of non-castrated and
castrated animals (Restle et al., 2000). These
differences may be due to the cleaning process of
the abattoir.
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The loin area of crossbred animals was larger
(P=0.065) when compared with Nelore (Table 2).
The values were similar to the ones obtained by
Leme et al. (2000): 61.3 cm2 for Nelore animals
and 71.7 cm2 for crossbred animals and by
Perotto et al. (2000): 53.7 cm2 for Nelore animals
and 69.72 cm2 for crossbred animals. These are
the results for non-castrated animals, finished
in feedlot.
The fat thickness of Nelore steers was higher than
the one of the crossbred steers. Regardless the
genetic group, it is possible to observe that the fat
thickness was of more than 3mm. This is the
minimum value demanded by brazilian meat
industry, so that there is not any damaging of the
carcass quality during the cooling and
commercialisation processes. The finishing score
resulted in the highest fat thickness value observed
for Nelore steers, once Nelore presents a finished
carcass at lower weight than crossbred animals.
Perotto et al. (2000) observed that non-castrated
animals (½ indicus x ½ taurus) achieved a
finishing score of 3 mm of fat in the 12th rib, with
weights above 500 kg, and non-castrated Nelore
animals achieved the same finishing score at 450
kg of body weight.
Analysing castrated animals, it is possible to
observe that crossbred animals present a finishing
score of 3 mm of fat at 470 kg and Nelore steers a
finishing score of 4.88 mm of fat at 450 kg (Table
2). Jorge et al. (1999) observed a fat thickness of
2.97 mm for non-castrated Nelore animals finished
in feedlot, with slaughter weight of 450 kg. Non-
castrated animals present smaller fat thickness
deposition (Restle et al., 2000), which explains the
difference observed in the data.
During the chemical composition evaluation of the
muscle without fat thickness, it is possible to
observe that animals submitted to the MMS
treatment present lower moisture and ash contents
(P<0.05) when compared with animals submitted
to the GPS treatment, and GMS treatment
presented intermediate values. On the other hand,
crude protein, fat and cholesterol contents were
similar (P>0.05) for 3 treatments (Table 3).
These values were similar to the ones found by
French et al. (2001) for crossbred Limousin x
Charolais animals, maintained in pasture: 73% of
moisture, 1.3% of ash, 22.6% of crude protein and
2.5% of fat. French et al. (2000) obtained values of
4.4% of fat for castrated Bos taurus animals
finished in pasture. Mandell et al. (1998) observed
fat contents of 2.7% for Limousin animals finished

in pasture and slaughtered with 4 mm of fat
thickness. Enser et al. (1998) observed fat contents
of 2.8% in the Longissimus dorsi muscle of
castrated Bos taurus animals finished in pasture.
By the analysis of these results, it is possible to
observe that the related  intramuscular fat ratio by
literature was superior to the values obtained in
this experiment. All the analysed results were
obtained from Bos taurus animals and, in this
particular experiment, Bos indicus were used. It is
important to point out that experiments
comparing both Bos taurus and Bos indicus under
the same ambient and management conditions
needs to be done.
As it can be observed for the cuts without fat
thickness, the animals submitted to the MMS
treatment presented lower moisture contents on
meat with fat thickness (P<0.05) when compared
with animals submitted to the GPS treatment, and
the ones submitted to GMS treatment achieved
intermediate values. In addiction, fat content was
higher (P<0.05) for animals submitted to MMS
treatment when compared with both other
treatments. Differences were not observed
(P>0.05) among the animals submitted to the GMS
and GPS treatments. The treatment did not effect
(P>0.05) ash, crude protein and cholesterol
contents of the cuts with fat thickness (Table 3).
Millet pasture presented the highest energy value
(Table 1), which made the performance of the
animals better, favouring the fat deposition on the
meat. In the same way, the higher fat proportion
favoured smaller moisture content.
Analysing the meat without fat thickness, a higher
moisture content (P<0.05) and a smaller total fat
matter content (p=0.07) were observed for the
crossbred steers. By other side, ash, crude protein
and cholesterol contents did not present
differences (P>0.05) among the two genetic
groups (Table 4).
Intramuscular fat is the last one to be deposited,
according to animal growth (Owens et al., 1993).
In growth scale, Nelore steers probably were more
advanced in maturity than crossbred steers, which
can be confirmed by the fat thickness of Nelore
animals (Table 2). At more advanced maturity
stages, a higher deposition of intramuscular fat
will occur, which explains the higher proportion of
fat for Nelore steers meat. The bigger proportion
of adipose tissue determined the lower moisture
content, once the adipose tissue presents
hydrophobic characteristic. Crossbred steers
probably did not achieve weight at maturity and
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therefore, did not complete the intramuscular
deposition.
Nelore animals, even presenting approximately
5mm of fat thickness, achieved 1.86% of
intramuscular fat. This value was inferior to
2.72%, which was found by Mandell et al. (1998)
analysing  Bos taurus animals in pasture, with
finishing of 4mm of fat thickness. This data
suggests that Bos indicus animals present lower

intramuscular fat deposition when compared to
Bos taurus with the same carcass finishing score,
but more researches need to be done to confirm
this suggestion.
The moisture, ash, crude protein, fat and
cholesterol contents of meat with the presence of
fat thickness, did not present differences (P>0.05)
among genetic groups (Table 4).

Table 4 - Moisture, ash, crude protein (CP) and fat percentages and cholesterol concentration (mg/100g muscle) of
fresh meat with or without fat thickness of Bos indicus and Bos indicus x Bos taurus crossbred steers
finished in different grass production systems.

Moisture Ash CP Fat Cholesterol
Genetic group Meat without fat thickness
Bos indicus 74.28b 1.04 20.94 1.86a 35.16
Bos indicus x Bos taurus 75.34a 1.05 20.76 1.37b 39.64
SE (%) 0.98 7.17 6.85 33.37 15.20

Meat with fat thickness
Bos indicus 65.90 0.88 18.75 11.11 28.77
Bos indicus x Bos taurus 67.94 0.96 19.55 8.81 33.72
SE (%) 4.96 8.96 11.05 49.38 19.61

Means in the same column followed by different letters are different by Tukey test (P<0.065).

Table 5 - Moisture, ash, crude protein (CP) and fat percentages and cholesterol concentration (mg/100g muscle) of
fresh meat with or without fat thickness

Meat cuts Moisture Ash CP Fat Cholesterol
Meat without fat 74.84a 1.05a 20.84a 1.60b 37.55a
Meat with fat 66.98b 0.92b 19.18b 9.89a 31.41b
SE (%) 3.64 9.20 8.43 64.25 18.04

Means in the same column followed by different letters are different by Tukey test (P<0.065).

By analysing the chemical composition of the two
cuts (with or without fat thickness), it its possible
to observe lower (P<0.05) moisture, ash, crude
protein and cholesterol contents for the meat
without fat thickness, while fat contents were
higher (P<0.05) for the meat with fat thickness
(Table 3). It is possible to observe that the
variation on chemical composition of the two cuts
occurred due to the moisture content variation.
When a pattern between the moisture content of
the two cuts is realised, no significant differences
are observed for the ash, crude protein and
cholesterol proportion. The only difference is the
fat proportion, once the cut with fat thickness will
show higher values because it deposits two types
of fat: intramuscular and subcutaneous fat.
Cholesterol concentration obtained was inferior to
the values observed by Rule et al. (1997)
(approximately 54mg/100g of Longissimus dorsi

muscle). The same authors did not observe any
effect of breed, nutritional planning or sex of the
animal on the cholesterol concentration of the
Longissimus dorsi muscle, suggesting that a
modification of the phospholipid distribution
needs to be made. It is possible to observe that
studies comparing different breeds are limited to
the comparison of Bos taurus, and not Bos indicus
animals. The results obtained suggest that Bos
indicus animals present a lower cholesterol
distribution on the skeletal musculature when
compared to Bos taurus, even so, more research
needs to be done in order to confirm such
supposition.
By the comparative analysis of the cholesterol
present in bovine, ovine, swine and chicken meat,
it is possible to observe that bovine meat, with or
without fat thickness, presented the lowest muscle
cholesterol contents (34 mg/100 g of Longissimus
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dorsi muscle). Swine meat presents values close to
45 mg/100 g of Longissimus dorsi muscle, ovine
meat has values of 50 mg/100 g of
semimembranosus muscle and chicken meat has
values of 43 mg/100g of breast without skin
(Chizzolini et al., 1999). These values confirm that
bovine meat has excellent nutritional quality and
low cholesterol contents when compared to other
types of meat.
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RESUMO

O objetivo deste trabalho foi avaliar as
características de carcaça (peso de carcaça,
rendimento de carcaça, espessura de gordura de
cobertura, área de olho de lombo, marmoreio e
coloração) e composição química do músculo
Longissimus dorsi (umidade, cinzas, proteína
bruta, gordura e colesterol) de cortes, com ou sem
gordura de cobertura, de novilhos Bos indicus e
mestiços Bos indicus x Bos taurus terminados em
sistemas em pastagem de milheto (Pennisetum
americanum L.) ou grama estrela (Cynodon
plectostachyus Pilger), com suplementação
mineral ou protéica e mineral. Os animais foram
abatidos com peso médio de 450 kg (Bos indicus)
ou 470 kg (mestiços). Não houve efeito de
tratamento sobre as características de carcaça e
composição da carne com ou sem gordura de
cobertura. Os cortes com gordura de cobertura de
novilhos mantidos em milheto apresentaram a
maior deposição de gordura. Os novilhos Bos
indicus apresentaram maior rendimento de carcaça
(57,23%) e maior espessura de gordura de
cobertura (4,88 mm) comparado aos mestiços
(53,40% e 3,05 mm). Não houve efeito da raça
sobre a composição química da carne. A
concentração média de colesterol foi de 31,41 e
37,55 mg/100 g de carne com e sem gordura de
cobertura.
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