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Characteristics of the carcass and quality of meat of male and
female calves with different high-grain diets in confinement
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Abstract

The goal of the present study was to evaluate characteristics of the carcass and meat of steers and
heifers, finished in feed lots and fed different high-grain diets. Forty-five bovines were used: 21 heifers,
with an initial age of 32 months and initial weight of 359.9 kg, and 24 steers, with an initial age of
20 months and initial weight of 337.6 kg, from a Charolais X Nelore crossbreed. The animals were
divided among the treatments, which were defined by the energy source used in the diet: rice, white
oats, or corn; seven heifers and eight steers were used per diet treatment. The animals remained confined
until reaching an estimated warm carcass weight of 220 kg. The experimental design was completely
randomized, with a 3 x 2 factorial arrangement. Weights at slaughter were higher for animals fed white
oats (449.3 kg) or corn (430.4 kg) than for animals fed rice (401.8 kg). Higher carcass yields were
found in corn-fed animals. Animals that received rice had lower cover fat thickness. The yields of the
rib and hind-quarter commercial cuts were higher for cattle that received white oats or corn. Animals
that received corn diets had greater arm circumference than animals that received white oats and both
were larger than animals that were fed rice. The tenderness (5.15 points) and palatability (5.46 points)
of rice-fed animals were lower than those of animals fed white oats (5.73 and 6.40 points, respectively)
or corn (6.04 and 6.45 points, respectively). Slaughter weights were similar between categories - 424.1
kg and 430.2 kg for steers and heifers, respectively. Steers had higher fore-quarter yield (38.0% vs.
37.4%), whereas heifers had a greater carcass length (126.0 cm vs. 123.1 cm). The finishing of cattle
with corn- or white oat-based high grain-diets yielded heavier carcasses, with adequate deposition of
fat, and better performance of principal carcass cuts. Feeding with rice in high-grain diets produced
leaner meats, but reduced carcass weight, with greater losses upon cooling and less tender meat. The
production of confined heifers or steers ensures similar meat products.
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Resumo

O presente estudo teve por objetivo avaliar as caracteristicas da carcaga ¢ da carne de novilhos e
novilhas, terminados em confinamento alimentados com diferentes dietas de alto grdo. Utilizaram-
se 45 bovinos de duas categorias, sendo 21 novilhas com idade inicial de 32 meses e 359,9 kg, ¢ 24
novilhos com idade inicial de 20 meses ¢ 337,6 kg, oriundos do cruzamento entre as ragas Charolés ¢
Nelore. Os animais foram distribuidos nos tratamentos conforme a fonte energética utilizada na dieta,
sendo essas: arroz; aveia branca ou milho, sendo utilizados sete novilhas ¢ oito novilhos para cada dieta
alimentar. Os animais permaneceram confinados até atingir, por estimativa, peso de carcaga quente
de 220 kg. O delincamento experimental foi o inteiramente casualizado, com arranjo fatorial 3 x 2
(trés tratamentos e duas categorias). Os pesos ao abate foram superiores para os animais alimentados
com aveia branca (449,3 kg) ou milho (430,4 kg) em relagdo aos animais que receberam arroz (401,8
kg), com maiores rendimentos de carcaga para aqueles que receberam milho. Animais que receberam
arroz apresentaram menor espessura de gordura de cobertura. Os rendimentos dos cortes comerciais
costilhar e serrote foram superiores para os bovinos que receberam aveia branca ou milho. Para o
perimetro de brago, animais que receberam milho foram superiores aos animais que receberam arroz,
com comportamento intermediario para aqueles que receberam aveia branca. Animais que receberam
arroz apresentaram maciez (5,15 pontos) e palatabilidade (5,46 pontos) inferiores em relagdo aqueles
que foram alimentados com aveia branca (5,73 e 6,40 pontos, respectivamente) ou milho (6,04 ¢ 6,45
pontos, respectivamente). Entre as categorias os pesos de abate foram similares, 424,1 kg ¢ 430,2 kg
para novilhos e novilhas, respectivamente. Os novilhos apresentaram maior rendimento de dianteiro
(38,0 contra 37,4%) ao passo que novilhas demonstraram maior comprimento de carcaca (126,0 contra
123,1 cm). A terminag@o de bovinos com dietas com alto grao a base de milho ou aveia branca produz
carcagas mais pesadas, com adequada deposi¢do de gordura e com melhor rendimento dos cortes
principais da carcaga. A alimentagdo com arroz em dictas de alto grdo produz carnes mais magras,
porém reduz o peso de carcaga, com maior perda ao resfriamento e carne de menor maciez. A producao

de novilhas ou novilhos confinados assegura produtos carneos similares.
Palavras-chave: Arroz. Aveia branca. Cortes comerciais. Maciez. Milho. pH.

Introduction

Feeding feedlot-confined cattle is based on the
use of silages plus concentrates, which, in addition
to requiring technical equipment and machinery to
produce, requires extensive areas that are subject to
inclement weather and to greater employment and
labor costs. Thus, the use of high-grain diets is a
possible alternative to facilitate handling, because
it precludes the need for silage. Recognizing this,
alternatives should be sought to substitute roughage
feeds for confined cattle, thus reducing operational
costs and possible problems related to bad weather,
as well as promoting intensification of the production
chain for beef cattle (RESTLE et al., 2004).

Generally, corn is used as the main energy source
in high-grain diets for finishing cattle, as this grain
is produced all over Brazil and has good production

indices. However, many other cereals are also
produced in large quantities in national agriculture
in Brazil. For example, Brazil is the world’s largest
producer of rice outside the Asian continent, and
Rio Grande do Sul is the largest national producer;
this state also is the largest producer of white oats
(CONAB, 2014). Thus, these two crops can be
important sources for high-energy feeds for cattle
in situations where there is both good availability of
these grains and corn prices are high.

Another relevant

intensification of beef cattle production is the

aspect regarding the
reduction in calf-slaughtering age. Greater selective
pressure directs culled heifers towards slaughtering
to generate a quicker financial return and capital
turnover on the property. According to Millen et al.
(2009), males are the main category used for feedlot
termination, however, females account for 47.6% of
the total cattle slaughtered in Brazil (ANUALPEC,
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2014). According to Pacheco et al. (2013), even with
the great importance of culled-cow slaughtering for
meat production, and as income generators in rural
properties, little scientific information is generated
regarding some characteristics of the female carcass
in Brazil. Cattelam et al. (2009) evaluated the
characteristics of the carcass and beef of steers and
culled cows and found a greater proportion of muscle
in bull carcasses and of fat in heifer carcasses, but
with similar organoleptic characteristics and meat
shear forces between the different bovine categories.
Thus, the objective of this study was to evaluate
carcass characteristics and the quality of the meat
of steers and heifers finished in feedlots, fed a high-
grain diet.

Materials and Methods

All animal protocols used in this study were
approved by the Committee of Ethics for the Use
of Animals of the Federal University of Santa
Maria (UFSM), protocol number 145/2014. The
experiment was carried out between July-October at
the Beef Cattle Laboratory (LBC) at the Department
of Animal Science, Federal University of Santa
Maria, located in the municipality of Santa Maria,
Rio Grande do Sul, in the Central Depression
physiographic region of the state of Rio Grande do
Sul. The climate of the region is subtropical with
hot and humid summers, according to the Koppen
scale (ALVARES et al., 2013).

A total of 45 male and female cattle were used:
21 heifers with a mean initial age of 32 months
and weight of 359.9 kg, and 24 steers with a mean
initial age of 20 months and weight of 337.6 kg,
of Charolais x Nelore crossbreeds (65% Charolais
35% Nelore or 65% Nelore 35% Charolais). Prior to
the experimental period, the animals were adapted
to both the facilities and diets for 21 days. Over this
period, endoparasite control was performed with

subcutaneous application of an Albendazole-based
product (1% concentration), following the dosage
recommended by the manufacturer.

The animals were divided among treatments
according to the energy source used in the diet: whole
grains and husks of rice, white oats, or corn. Seven
heifers and eight steers were used per treatment,
with the animals individually maintained in paved,
semi-covered boxes furnished with individual
feeders and drinkers with water ad libitum, regulated
with a float faucet, common to two boxes. During
the experimental period, the animals received iso-
nitrogenated rations, adhering to the formulation in

Table 1, according to the respective treatment.

The animals were fed twice daily, at 08:00 AM
and 02:00 PM. Before the first feeding of the day,
the leftovers from the previous day were collected,
which were pre-established to be between 50 and
80 g/kg of the offered feed (CALLEGARO et al.,
2015). The animals were weighed at the beginning
of the experimental period and at intervals averaging
28 days until shipment to the refrigerator. Animals
were fasted for solids and liquids for 14 h before
weighing (CATTELAM et al., 2013). Slaughtering
was carried out at two times - after 67 and 79 days
of feedlot confinement and a balanced number
of animals per category and treatment were sent
for each slaughtering. The time of slaughter was
predetermined when steers and heifers reached an
estimated 220 kg of warm carcass weight (SILVA
et al., 2003), as this weight value is accepted by the
cold storage industry. Cattle were transported to
the commercial slaughterhouse and the slaughter
was carried out according to the Regulamento da
Inspe¢ao Industrial e Sanitdria de Produtos de
Origem Animal (RIISPOA,1952), following the
standard procedures of the slaughter line of the
slaughterhouse.
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Table 1. Percentage composition and bromatological analysis of diets.

670

. High grain diet

Ingredient . -

Rice White Oats Corn
Corn - - 83.5
White oats - 84.0 -
Rice 83.4 - -
Urea 0.9 - 0.5
Calcitic limestone 0.7 1.0 1.0
Commercial sector 15.0 15.0 15.0

Bromatological composition

Dry matter 89.14 90.62 89.77
Raw protein 14.20 14.97 14.17
Ether extract 1.89 4.35 3.78
Neutral detergent fiber 22.43 31.05 15.93
Fiber in acidic detergent 17.76 15.25 5.28
Lignin 5.79 3.77 1.36
Silica 2.21 0.63 0.40
Ash 9.92 7.64 5.20
Total digestible nutrients 66.60 72.42 81.64
Total carbohydrates 73.99 72.92 76.84
Non-structural carbohydrates 55.38 43.85 63.61
Calcium (Ca) 0.78 0.88 0.95
Phosphorus (P) 0.39 0.49 0.40

During slaughter, all parts of the animal’s
body were separated and weighed individually
and consisted of the following sets: external
components, vital organs, internal fats, empty
digestive tract, and blood. The empty body weight
was obtained by summing the warm carcass weight,
blood, and all component groups mentioned above.
The weight of the contents of the gastrointestinal
tract was obtained by the difference between the
slaughter weight and the empty body weight.

After washed,
identified, weighed, and taken to a cold room,
where they remained for 24 h; the cold chamber
temperatures after 0, 3, 6, 12, and 24 h of cooling
were 20, 10, 5.3, 1, and 0.5°C, respectively. After
cooling, carcasses were weighed once more to
obtain the cold carcass weight. The yields of warm

slaughter, carcasses were

and cold carcasses were calculated in relation to
slaughter weight, measured at the farm. The loss
upon cooling was calculated by the difference
between the warm and cold carcass weights,
divided by the warm carcass weight. The values of
pH and temperature were obtained using a digital
pH meter and thermometer, with a penetrating
electrode. Measurements of the Longissimus dorsi
(steak) muscle, between the 10" and 12" ribs, were
collected before carcass cooling (0 h) and after 3, 6,
12, and 24 h of cooling.

After cooling the carcasses for 24 h, the left-half
carcass was separated into the three primary cuts:
hind quarter (or rear), ribs (or needle point), and
forequarter, according to the protocols described
by Miiller (1987). After being separated, the cuts
were weighed to calculate their relative share to the
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cold carcass weight. In the cold right-half carcass,
the following characteristics of the carcass were
evaluated: carcass length, taken from the medial
cranial border of the first rib and the anterior border
of the pubic bone; leg length, corresponding to the
distance between the anterior border of the pubic
bone and the tibiotarsal joint; thickness of the
thigh, measured between the lateral and medial
surfaces of the upper portion of the thigh, using a
compass; length of the arm, distance from the carpal
radial articulation to the end of the olecranon; and
perimeter of the arm, measured in its medial region.
The compactness was calculated as the quotient
between the cold carcass weight and the carcass
length.

A horizontal cut between the 12" and 13" ribs
was created to remove the portion called “HH”,
comprising the 10™, 11", and 12" ribs according to
the methodology described by Hankins and Howe
(1946) adapted by Miiller (1973) aiming to expose
the Longissimus dorsi, to trace its contour in tracing
paper, which was later determined, using a digital
scanning table and the Corel Draw software, as the
area of the figure. At the same site, subcutaneous
fat thickness was measured as the average of three
observations; subjective evaluations of marbling,
color, and texture of the meat also were performed
in a section of the Longissimus dorsi muscle at the
height of the 12" rib, according to the methodology
described by Miiller (1987). To determine tissue
percentages, the methodology described by Hankins
and Howe (1946) and adapted by Miiller (1973) was
followed.

The extracted portion of the Longissimus dorsi
muscle was identified and frozen for further analysis
of sensory characteristics. Two 2.5 c¢m thick strips
were extracted from the still-frozen samples.
Slice “A” was weighed while still frozen and after
thawing to determine the loss of liquid during the
thawing process and then was cooked to an internal
temperature of 70°C to evaluate the loss of liquid
during cooking. After this step, six, 1 cm?® fiber-
bundle samples, cut perpendicular to the muscle

fibers, were used to evaluate the shear force using
a Warner-Bratzler Shear apparatus. Slice “B”, after
a preparation similar to slice A, was evaluated by a
panel of six evaluators for tenderness, palatability,
and succulence (MULLER, 1987).

The experimental
randomized, in a 3 X 2 factorial arrangement
(three treatments and two categories). All analyses
were performed using the statistical package SAS
(Statistical Analysis System, version 9.2). The

design was completely

data were analyzed using an analysis of variance
(ANOVA) in proc GLM, using the following
mathematical model:

Yij = p + Ki + Tj + (Ki*Tj) + &ij

where Yij represents the dependent variables;
the overall mean of the observations; Ki the effect
of the ith bovine category, Tj the effect of the jth
food treatment; (K*T)ij the interaction between the
ith category with the jth food treatment, and €ij the
random residual error. The means were compared
using an F-test and the parameters for which there
was a significant effect of food treatment and
interactions between categories and food treatment
were compared using a Student’s t-test, at o =
0.05. The dependent variables were assessed for
correlationusing Pearson’s correlation analysis (proc
CORR). The variables were tested for normality
using a Shapiro-Wilk test and transformations were
performed when necessary.

Results and Discussion

There was no interaction between diets and
categories for the variables of interest. Animals
fed corn or white oats had higher slaughter weights
than those fed a rice diet (Table 2), a fact that has
been associated with the highest average daily gain
of weight, as described by Argenta (2015). This
result was reflected in the weights of warm and
cold carcasses, with corn- and white oat-fed cattle
having values 10.5% and 8.9% higher than animals
fed rice, respectively. This result is highlighted as
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observed when slaughter weight was positively
correlated with warm and cold carcass weights,
with r=0.92 (P<0.0001). The evaluation of carcass
weight is a measure of interest of slaughterhouses in
evaluating the value of the product and operational
costs, as carcasses with different weights demand
similar labor and times for processing. According
to Pacheco et al. (2013), carcass weight is a very
important characteristic for the producer, other
than the degree of finishing and animal age, being
directly related to income.

Mandarino et al. (2013) evaluated the productive
characteristics of cattle fed diets that used 75% of
concentrate or were based exclusively (100%)
on concentrate, and verified differences in warm
different food
treatments - a fact these authors also associated with

carcass weights between the
the difference in animal weight gain. Regarding
yields of warm and cold carcasses, the highest
yields were observed in corn-fed animals, followed
by those maintained on a rice diet, and finally cattle
fed white oats. The observed carcass-yield values
followed the variations observed for gastrointestinal
tract contents, with higher contents associated with
lower-carcass yields. Moreover, a thicker fat cover
over the carcass contributed to higher carcass yields
of corn-fed animals, which resulted in lower losses

upon cooling.

The animals fed white oats or corn had thicker
fat covers on the carcass compared to animals
that were fed rice (Table 2), which stems from the
higher energy intake associated with these two
diets. Although no difference was observed for
NDT consumption (ARGENTA, 2015), the author
acknowledged that for the laboratory evaluation, the
samples were processed by grinding, thus exposing
all the starch protected by the grain husks. Thus, for
rice-fed animals, ruminal microorganisms are not
able to degrade all starches present in the grains,

due to the high silica and lignin content of the bark,
which hinder enzymatic attack, reducing utilization
of energy from the diet. When fat thickness was
evaluated relative to 100 kg of cold carcass, the
animals that received white oats exhibited a 30%
higher deposition of adipose tissue than animals fed
with rice; corn-fed animals had intermediate levels
of adipose-tissue deposition.

fat
influenced carcass losses on cooling, which were

Changes in subcutaneous deposition
higher in cattle receiving a rice- or white oat-diet
and were lower in corn-fed animals. The greatest
loss upon cooling for rice-fed animal carcasses was
related to lower cover of fat deposited, given the
protection that the adipose tissue confers against the
loss of liquids. Menezes et al. (2014) observed that
the increase in the fat-cover thickness of the carcass
resulted in lower losses upon cooling. It should be
emphasized that in this study, only cattle fed rice
had subcutaneous fat thicknesses below 3 mm, the
minimum recommended value by the refrigeration
industry, which, in addition to reducing losses upon
cooling, also prevents the shortening of muscle
fibers and the darkening of the external portion of

the muscles covering the carcass (LAWRIE, 2005).

The area of the Longissimus dorsi, as assessed
through multiple methods, was similar among
the evaluated diets. This result demonstrates that,
regardless of the grain used in our experimental
cattle finishing, all three diets provided the animals
with adequate nutrition to complete their muscle
growth. Mendes et al. (2005) did not observe any
difference for the Longissimus dorsi, as measured
by either area (cm?) or per 100 kg of cold carcass, in
feedlot finishing steers fed a 45:55 ratio roughage:
concentrate, with corn or corn partially substituted
by soybean husk or maize germ meal used as an
energy source.
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Table 2. Slaughter, warm carcass, cold carcass, and gastrointestinal tract content weights, warm and cold carcass yields, fat thickness, loss on cooling and Longissimus

dorsi area of steers and heifers finished with a high-grain diet.

Diet Category P-Value
Feature Rice White Oats Corn Steers Heifers Diet  Category Diet*
Category
Slaughter weight, kg 401.8+9.4b 4493+94a 4304+94a 424.1+74 4302+79 0.0037  0.5715 0.7117
Gastrointestinal tract contents, kg 60.7+32b 713+32a 512+32¢ 581+£2.6 64.1+£2.7 0.0004  0.1233 0.8779
Warm carcass weight, kg 2282+5.6b 2485+56a 2522+5.6a 241.4+45 2445+47 0.0092  0.6381 0.6407
Cold carcass weight, kg 2229+55b 242.8+55a 2469+554a 2359+44 239.1+4.6 0.0087  0.6188 0.6627
Warm carcass yield, kg 100 kg 'live weight 56.7+0.44b 553+044c 58.7+0.44a 56.9+0.35 56.9+0.37 <0.0001  0.9920 0.6257
Cold carcass yield, kg 100 kg live weight 554+044b 54.0+044c 574+044a 55.6+0.34 55.6+0.37 <0.0001 0.9124 0.6538
Fat thickness, mm 2.88+021b 4.08+021a 3.68+02la 3.42+0.17 3.68=0.18 0.0013  0.3059 0.4003
Fat thickness, mm 100 kg™ cold carcass 1.30£0.09b 1.69+0.09a 1.49+0.09ab 1.45+0.07 1.53+0.07 0.0164  0.4029 0.5984
Loss on cooling, kg 100 kg''cold carcass 231+£0.06a 229+0.06a 2.11+£0.06b 2.28+0.04 2.19+0.05 0.0390  0.1968 0.5612
Longissimus dorsi area, cm? 64.7+2.41 65.7+241 71.0+2.41 68.0+1.90 66.2+2.03 0.1516  0.5256 0.9259
Longissimus dorsi area, cm? 100 kg' cold carcass  29.2+0.92  269+0.92  28.9+0.92 289+0.72 27.8+£0.77 0.1662  0.2666 0.9760

+dDifferent lower-case letters in the same column for the same feature differ by Student’s #-test (P<0.05).

When carcass weights and yields were analyzed
according to the sex of cattle, no difference was
observed, which is probably associated with the
similarity in slaughter weights. Likewise, Fernandes
etal.(2008)evaluated the carcasstraits ofbulls, steers,
and cows from feedlot-finished Canchim cattle, and
observed similarities in carcass yield. Other studies
(MARCONDES et al., 2008; FERREIRA et al.,
2009) also did not observe differences in carcass
yields between male and female cattle finished in
confinement. These results are interesting, from an
economic perspective, because, generally, cold-
storage industries remunerate producers differently
for females, with a lower commercial value than
males, stemming from the fact that female cattle
have lower carcass yields. Thus, this premise is
not always valid when the animals are finished in
intensive production systems.

673
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Thickness of subcutaneous fat did not differ
between the evaluated categories, a fact that
contributed to similarities in losses upon cooling.
Greater deposition of fat could be expected
for females, due to the more advanced stage
of development of this subset, but the higher
daily weight gain of steers (1.13 kg vs. 0.91 kg)
contributed to the similarity in adipose tissue
deposition. Similarly, Pazdiora et al. (2013) verified
similarity in fat deposition and carcass yields in
cows and heifers finished in feedlot. Pacheco et al.
(2013) observed similarity in fat-cover deposition
between steers and heifers finished in feedlot, with
values of 3.8 and 3.6 mm, respectively. For the
Longissimus dorsi muscle area, the values observed
in the present study are below those observed by
Fernandes et al. (2008) for steers and cows, which
were also similar to each other.

For the commercial rib cut (Table 3), animals
fed white oats or corn had higher yields than
animals on a rice diet, which should be associated
with a higher fat thickness in the carcass of these
animals. This idea is supported by the correlation
between fat thickness and the rib cut yield (r =
0.35; P=0.0185). The yields of the fore-quarter
and hind-quarter cuts were not influenced by the
diet. Pazdiora et al. (2013) cited that the meat cuts
of lower commercial value are in the fore quarter,
mainly owing to tenderness, with most of these
muscles directed to the production of ground meat.
According to Pacheco et al. (2005), the hind-quarter
cut is the most valued because it contains muscles
with greater commercial value, generating more
revenue for the refrigeration industry.

Among the categories of cattle studied, there
was a difference only for the fore-quarter yield,
with steers having a yield 1.60% higher than that
of heifers, which stems from the greater muscular
development in the anterior region of male bovines,
owing to the performance of androgenic hormones
during the growth phase. Greater yield of the fore
quarter in male bovines compared to females was
reported by Coutinho Filho et al. (2006), with

average yields of 38.60% and 35.67%, respectively.
Likewise, Pascoal et al. (2009) observed higher fore-
quarter yields in steers relative to culled cows, a fact
that the authors attributed to the greater removal of
fat shavings from female carcasses, however, fat did
not differ between cattle of different categories in
our study.

For the commercial rib cut, also known as
needle-point, there was no difference between the
categories of cattle evaluated. Ferreira et al. (2009)
reported a higher development of this cut in females
than in males, because of the increased arching
promoted by gestation; the heifers in our study
did not breed, a fact that resulted in similar values.
Similarity in the rib-cut yield in male and female
cattle with ages close to slaughter was reported by
Marcondes et al. (2008). The rib cut is of greater
regional interest, being much appreciated for the
preparation of roasted meat in the cuisine from Rio
Grande do Sul.

The performance of the hind-quarter cut was not
altered by the animal category, which demonstrated
the possibility of using male or female cattle to
produce meat, without prejudice to the development
of this cut. The mean yields observed for the
different commercial cuts were close to those
considered adequate by Luchiari Filho (2000), who
states desirable carcass traits are 45-50% of hind
quarter, 38-43% of front quarter with five ribs, and
12-16% of needle point.

Regarding the metric measurements of the
carcass, there was a difference only for the perimeter
of the arm, which was larger in corn-fed animals.
Rice- and white oat-fed animals were similar to
one another. All other carcass measurements were
similar among the evaluated diets, which shows that
the use of any of the tested grains does not alter bone
growth in animals, likely because this is an early
growth tissue. When evaluating different energy
sources in the finishing of Nelore cattle, fed a 39:61
roughage:concentrate diet using corn meal, corn
germ meal, soybean husk, or citrus pulp as energy
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sources, Ezequiel et al. (2006) did not observe
alterations in the evaluated corporal measures, a
fact that the authors attributed to the similar racial
composition of the animals. The compactness of
animals who fed on white oats or corn was superior
to that of animals on a rice diet, a result related to
the higher cold-carcass weights of those animals,
associated with similar carcass lengths between the
bovines of the different treatments. Miotto et al.
(2012) observed that carcass compactness decreased
with the fraction of corn in the concentrated fraction
of the diet.

When measurements of the carcass were
evaluated among cattle categories, there was a
difference only in carcass lengths-a result that stems
from the older age of heifers - a fact that led to greater
longilineal growth of the animals, without altering
height-growth patterns. Greater carcass lengths in
cows relative to steers were reported by Pascoal et
al. (2009), who observed values of 137.67 cm for
culled cows and 128.60 cm for steers. Similarity in
measurements performed in the anterior portion of
the carcass of male or female bovines of different
ages are reported by Ferreira et al. (2009).

Bovines supplied with white oats had a lower
relative proportion of muscle in the carcass than the
animals undergoing the other treatments; together
with the animals that received corn, they showed a
higher percentage of adipose tissue in the carcass
(Table 3). These results implied a lower relation
between muscle and adipose tissues for cattle that
received white oats or corn, which shows a lower
potential of lean meat production in the finishing
system that employ diets based on these grains.
According to Pacheco et al. (2005), studies on the
relationship between these two tissues is rendered
relevant by the worldwide importance given to
current concerns about fat intake and its possible
negative effects on human health, aggravated
by sedentary lifestyles and lack of exercise.
There is a consumer demand trend for lean meat;
however, it is also necessary to produce carcasses
with an adequate degree of finishing to avoid

compromising the refrigeration industry. Tissue
deposition comprises three stages: bone growth,
muscle tissue, and finally, fat deposition, with the
latter stage increasing in more advanced phases of
animal development. Missio et al. (2013) point out
that the proportion of muscles in the carcass tends
to decrease in later stages due to the acceleration of
adipose tissue development. Carcass compositions
varyin the proportion of fat, whereas the percentages
of muscle and bone decrease or remain constant
with little variation.

When the composition of the tissues was
analyzed according to the category of cattle studied,
no difference was observed for any of the variables.
Cattelam et al. (2009) reported higher fat deposition
in the carcass of culled cows compared to steers,
a result that the authors attributed to the females’
more advanced stage of development. However, in
the aforementioned study, females were 69 months
old at slaughter. Thus, the difference of only one
year among the bovine categories in this study
was insufficient to promote alterations in tissue
deposition in animal carcasses. Similar muscular
and adipose tissue depositions in male and female
cattle of similar ages were reported by Marcondes
et al. (2008). Muscle is the most relevant tissue, as
it is the one most desired by consumers; thus, the
best carcasses for any market must have the highest
proportion of muscle, minimal bone ratio, and an
adequate amount of fat that varies according to
consumer preference.

The pH values did not vary with diet over the
different cooling times of the evaluated carcasses
(Table 4), which probably stems from the good
conditions of the cold room and adequate cattle
management during the experimental period, as
well as during the weighing, boarding into the
refrigerator, and pre-slaughter handling. The values
observed for pH at the time of entry of the carcasses
in the cold chamber (0 h) are close to those reported
by Cattelam et al. (2013). According to Kuber et
al. (2004), the pH practically stabilizes after 6 h
of cooling, with few variations until after 24 h
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post slaughter. However, in this study, the values
were close to stabilization approximately12 h after
entering the cold chamber, as reported by Lopes et
al. (2012), who reported that pH tends to stabilize
16-24 h post mortem. The pH values observed after
24 h of cooling were within the limits considered
adequate - from 5.5-5.8 - and close to those reported
by Sartor Neto et al. (2011) for feedlot Nelore
cattle receiving 87% concentrate in the diet. The
evaluation of the pH is of paramount importance for
the determination of meat tenderness, because its
decrease favors the release of proteolytic enzymes
that improve tenderness, along with the acidification
of the meat that increases its shelf life.

The temperature of the carcasses of animals that
received rice was lower in the first measurement
and after 3 h of carcass cooling. This decrease arose
from the lower fat thickness of the carcass, which
grants less protection against muscular cooling, with
a correlation of fat thickness and the temperature of
the loin after3 h of cooling of r = 0.39 (P=0.0075).
The temperature values observed after 24 h of
carcass cooling were close to those reported by
Cattelam et al. (2013) for bovines slaughtered in the
same commercial refrigerator.

The different grains used in the animals’ diets
did not alter meat color (Table 5). This fact likely is
associated with similarities in the pH values of the
Longissimus dorsi after 24 h of cooling, with the
correlation between these variables being r = -0.33
(P = 0.0252). This result demonstrates that high
pH values were associated with darker meat cuts,
stemming mainly from pre-slaughter stress, when

the animal exhausts its muscle glycogen reserves
rapidly. Regarding the organoleptic characteristics
of the meat, the animals that received rice had
reduced meat succulence. The tenderness of the
meat of these animals, evaluated by a panel of
tasters, was inferior in relation to the meat coming
from animals that received corn or white oats. The
decrease in meat quality should be associated with
lower fat deposition in the carcass, as the total fat
had a negative correlation with losses on cooking
(r = -0.33, P=0.0297), and this loss of liquid
was inversely related to succulence (r = -0.32,
P=0.0341). According to Lawrie (2005), the main
components of succulence include water released at
the beginning of chewing and the fat, which has a
stimulatory effect on salivation.

Besides the decrease in meat tenderness being
closely related to lower succulence (r = 0.57,
P<0.0001), the better meat tenderness of corn or
white oat-fed cattle is partly a reflection of the higher
contribution of these diets. Silveira et al. (2009)
verified that the increase in the energy level of the
diet promoted an improvement in the quality of the
meat of confined cattle. The lower temperature of the
carcasses in the first hours of cooling also affected
meat tenderness and the correlation of the meat
temperature after 3 h of cooling with the tenderness
evaluated by the panel of evaluators was r = 0.32
(P = 0.0340). Pereira et al. (2009) reported that
the Longissimus dorsi temperature of animals with
greater fat cover decreased less. A rapid lowering of
muscle temperature can cause the meat to harden.
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Table 3. Metric characteristics of the carcass, commercial cut yields, and tissue participation of steers and heifers finished with a high-grain diet.

Characteristic Diet Category P-Value
Rice White Oats Corn Steers Heifers Diet  Category Diet*Category

Fore quarter, kg 100 kg''cold carcass  37.8 +£0.22 37.3+0.22 37.9+0.22 38.0+0.17A 374+0.18B 0.1177  0.0257 0.1765
Rib, kg 100 kg'cold carcass 11.6 £0.24b 12.6+024a 124+024a 12.3+0.19 12.1+£0.20 0.0170  0.7017 0.1126
Hind quarter, kg 100 kg'cold carcass  50.5 +0.34 50.2+0.34 49.7+0.34 49.8 +0.27 50.5+0.29 0.2395  0.0820 0.3568
Carcass length, cm 1244+£0.86 125.0+0.86 1242+0.86 123.0+0.68B 126.1+0.73A  0.7947  0.0034 0.6201
Leg length, cm 71.8 £0.67 72.1+0.67 71.4+0.67 71.1+0.53 72.4+0.57 0.7265  0.0974 0.8640
Arm length, cm 39.8 +£0.53 40.0+0.53 39.0+0.53 39.4+0.41 39.8 £0.44 0.4137  0.5505 0.7136
Arm perimeter, cm 348+040b 35.8+0.40ab 36.2+0.40a 35.7+0.32 35.6+0.34 0.0410  0.7591 0.3678
Thigh thickness, cm 242 +0.48 242 +0.48 242 +£0.48 23.8+0.37 24.5+£0.40 0.9930  0.2591 0.4783
Compactness, kg cm-! 1.79+0.04b 194+0.04a 1.98+0.04a 1.91+£0.03 1.89+£0.03 0.0024  0.6000 0.6211
Muscle, kg 100 kg'cold carcass 659+0.78a 61.9+0.78b 649+0.78a 64.6 + 0.61 63.9 +£0.61 0.0027  0.4484 0.9038
Fat, kg 100 kg' cold carcass 183+0.80b 22.8+0.80a 21.1+0.80a 20.3+0.63 21.1 +0.63 0.0331  0.7730 0.2626
Bone, kg 100 kg'! cold carcass 16.0£039a 154+039ab 14.5+0.39b 15.3+£0.31 152+0.33 0.0012  0.3802 0.3946
Muscle: fat ratio 369+0.16a 2.76+0.16b 3.18+0.16b 3.30+0.13 3.12+0.13 0.0011  0.3402 0.5667
(Muscle+fat): bone ratio 534+0.17b 5.56+0.17ab 598+0.17a 5.60+0.14 5.66+0.15 0.0428  0.7598 0.2789

A-BCapital letters in the same line for the same feature differ by the F-test(P<0.05)

»®Different lower-case letters in the same column for the same feature differ by Student’s z-test (P<0.05).

Table 4. Longissimus dorsi pH and temperature at different carcass cooling times of steers and heifers finished with a high-grain diet.

. Diet Category P-Value

Characteristic Rice White Oats Corn Steers Heifers Diet Category Diet*Category
pH
0 hour 6.74 £ 0.06 6.76 £ 0.06 6.72 +£0.06 6.76 £0.04 6.72+0.05 0.9024 0.5104 0.8011
3 hours 6.20 £0.06 6.11 £0.06 6.14+£0.06 6.20+0.05 6.11£0.05 0.5512 0.1991 0.8675
6 hours 6.02 £0.05 5.91+0.05 5.93+£0.05 6.00+0.04 591+0.04 0.2601 0.1457 0.8922
12 hours 5.81+£0.05 5.73 £0.05 5.74 £0.05 5.81+£0.04 5.71+£0.04 0.4638 0.1014 0.5303
24 hours 5.76 £0.03 5.66+0.03 5.69+0.03 5.70+0.03 5.70+0.03 0.1154 0.9524 0.9839
Temperature, °C
0 hour 37.8+0.19b 383+0.19a 38.5+0.19a 382+0.15 38.2+0.16 0.0259 0.7472 0.1921
3 hours 208+0.71b  232+0.7la 23.6+0.71a 2244056 22.6+0.60 0.0191 0.8469 0.2696
6 hours 15.1+0.82 15.9+0.82 16.1 £0.82 15.7+0.65 15.7+0.69 0.6690 0.9554 0.2285
12 hours 5.02+£0.42 6.43 £0.42 5.75+£0.42 5.66+0.33 5.81+0.36 0.0782 0.7738 0.1526
24 hours 324 +£0.45 3.17+0.45 3.26+0.45 3.50+035 295+0.38 0.9913 0.2992 0.9081

»*Different lower-case letters in the same column for the same feature differ by Student’s z-test (P<0.05).
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The softness of the meat evaluated by the
Warner-Bratzler Shear apparatus did not differ
between the tested diets, with a mean value of
7.64 kgF cm’ . Similarity in the shear forces of
beef from cattle fed with different corn grains or
sorghum in high-concentrate diets was reported
by Igarasi et al. (2008). According to Shackelford
et al. (1991), shear values above 9.0 kg F cm?
“Icharacterize “hard meats”, below 6.0 kg F cm? !
“Tender meats”, and between 6.0 and 9.0 kg F cm?-!
meats with “intermediate tenderness”. Miotto et al.
(2012) observed that the decrease in the contribution
of corn as an energy source in the diet of confined
cattle fed 80% concentrate increased the sheer force
of the Longissimus dorsi muscle.

Meat characteristics did not differ among the
different categories (Table 5), a fact that is related
to similarity in tissue deposition in the carcass. This
result demonstrates equal potential or steers and
heifers to produce consumer-pleasing meat products.
The color of the meat was classified as slightly dark
red, similar to the values observed by Cattelam et
al. (2009) for meat color of steers and culled cows.
The color of the meat is affected mainly by the
concentration of myoglobin, which is influenced by
the age of the animal, among other factors. Thus,
the difference of only one year of age between the
categories was not enough to implicate a meat color
alteration, in agreement with the results of Pacheco
et al. (2005). The color of the meat is the first
criterion of evaluation by the consumer at the time
of purchase. Similarity in beef coloration of male
and female cattle was reported by Fernandes et al.
(2008). Regarding the organoleptic characteristics
of the meat, the observed values classify the meat
as slightly above average. Similarity in the sensorial
characteristics of the meat of steers and heifers
finished in feedlot was reported by Cattelam et al.
(2009).
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Conclusions

White oats can replace corn in high-grain diets at
the finishing of cattle (with high-grain diets) without
compromising either carcass or meat quality.
Feeding with rice in high-grain diets produced
leaner meats, but reduced carcass weight, with
greater losses upon cooling and less tender meat.

The production of confined heifers or steers
ensures similar meat products, with the choice of
a category tied to the supply of animals and the
specifications of the cold-storage industries for the
acquisition of animals for slaughter.
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