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Our objective was to evaluate carcass and meat characteristics of Guzerat-crossbred bulls finished in feedlot.
Carcasses from 18 bulls, randomly selected from a larger group of 36 bulls, consisting of F1 Guzerat × Holstein
(“Guzholstein”); F1 Guzerat × Nellore (“Guzonell”); and 1/2 Simmental + 1/4 Guzerat + 1/4 Nellore (Three-
Cross; n = 6 each group) were used. Cold carcass weight was greater (P = 0.01) for Three-Cross compared
with “Guzonell” and “Guzholstein”. Three-Cross carcasses had greater (P b 0.01) rib-eye-area and 100-kg-
adjusted rib-eye-area among groups. Longissimus lumborum length did not differ (P N 0.05) among groups, but
depth was greater (P b 0.01) for Three-Cross compared with other groups. “Guzholtein” had lesser (P = 0.05)
shear force compared with “Guzonell”, with Three-Cross being intermediate. We conclude that “Guzholstein”
is an adequate option for producers willing to finish this kind of genetic group, as it is comparable or better
than Bos indicus crosses and B. indicus × Bos taurus bulls.

© 2015 Elsevier Ltd. All rights reserved.
1. Introduction

Beef production in Brazil is becomingmore efficient because utiliza-
tion of technologies that permits reduction of the production cycle.
Crossbreeding has been used as a tool to reduce the time-frame of
beef production, since crossbred animals are more precocious than
purebred Bos indicus animals. Crossbred animals are readily available
for Brazilian feedlot producers, including animals from dual-purpose
enterprises (milk and beef production systems). In addition, cross-
breeding programs are becoming more popular among beef producers,
either using B. indicus (e.g. Nellore and Guzerat) and, or Bos taurus (e.g.
Simmental) breeds, aiming to explore the benefits of heterosis for meat
quality (Gama et al., 2013).

Assessment of parameters correlated with tenderness and meat
color such as pH, water-holding capacity and shear force is important
because of their relationship with quality and consumer acceptance
(Pflanzer & Felício, 2011; Schönfeldt & Strydom, 2011), and when
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choosing the breed or crossbred animals for certain production
system (Melucci et al., 2012; Pacheco et al., 2011). In addition, the
evaluation of certain carcass traits is important because it helps as-
sess muscularity and degree of finishing of an animal (Luchiari
Filho, 2000). Knowing these characteristics of different Guzerat-
crossbred groups is necessary because their greater availability in
some regions of Brazil. Accordingly, our objective was to evaluate
meat characteristics from three groups of Guzerat-crossbred bulls,
finished in feedlot.
2. Material and methods

This study was conducted at the Federal University of Jequitinhonha
and Mucuri Valleys (‘Universidade Federal dos Vales do Jequitinhonha e
Mucuri’; UFVJM), Beef Cattle Research and Experiment Sector (Curvelo,
Minas Gerais State, Brazil; 44°24′W and 18°49′S), and analyses were
performed at the Animal Products Science and Technology Sector
(Diamantina, Minas Gerais State, Brazil; 43°34′W and 18°12′S). Bulls
utilized in this experiment were cared for by acceptable practices in
accordance with the guidelines as outlined in the Guide for the Care
and Use of Agricultural Animals in Research and Teaching (Federation
of Animal Science Societies, 2010), and the research protocol was
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reviewed and approved by the UFVJM, Committee of Ethics on the Use
of Animals.

2.1. Animals, carcasses, and experimental design

Animal management, diet, and experimental conditions of the feed-
lot where bulls were kept were previously reported by Diniz et al.
(2015). Briefly, 36, 23-month-old, beef bulls (F1 Guzerat × Holstein
[“Guzholstein”]; F1 Guzerat × Nellore [“Guzonell”]; and 1/2
Simmental + 1/4 Guzerat + 1/4 Nellore [Three-Cross]; n = 12, each
group), derived from the same herd and 10 different sires of each
breed group, subjected to similar management and kept in same feed
supplementation and pasture conditions before entering the feedlot,
were allocated into feedlot pens(three bulls in each pen, four pens per
group). During 84 days, bulls received sorghum silage and concentrate
supplement twice a day with roughage:concentrate ratio of 50:50,
DM-basis. Eighteen bulls (six from each group) were transferred to be
humanely slaughtered in a State-inspected slaughterhouse, subjected
to routine inspection performed by the Minas Gerais State Institute of
Agriculture, as outlined in the State Law #11.812/1995. Bulls were ran-
domly selected from all pens (one or two bulls per pen), and
slaughtered after 16 h of feed and water withdrawal. The slaughter-
house where bulls were processed was not able to handle in a same
day all bulls; thus, we decided to evaluate this limited number of car-
casses as we judged to be the minimum number necessary to perform
all measurements and analyses without having another variation (day
of slaughter).A summary of performance data is depicted in Table 1.

Carcasses were chilled at 4 °C for 24 h. After this period, cold carcass
weight (CCW) was determined and 24-h shrink loss was calculated as
the difference between hot and cold carcass weights. Subcutaneous fat
thickness and rib-eye-area were measured between the 12th and 13th
ribs. A mm-graduate precision caliper was used to measure subcutane-
ous fat thickness, which was obtained 3/4 the length ventrally over the
longissimus lumborum (LL; Greiner, Rouse, Wilson, Cundiff, & Wheeler,
2003). For rib-eye-area measurement, a tracing paper was utilized;
area was estimated using the AutoCad 2007 (Autodesk, Inc., San
Rafael, CA) software, and expressed as cm2. Length of LL was mea-
sured as the distance (in cm) beginning at the most lateral point
to the most medial point of the surface of the muscle; depth was
measured at the same point used to measure subcutaneous fat
thickness. Both measurements were performed by using a cm-
graduated ruler.

2.2. Meat analyses and measurements

Twenty-four-hour pH, performed after chilling for 24 h, was mea-
sured using a pH-meter with an automatic endpoint and buffer recogni-
tion aswell as temperature compensation, equippedwith a penetrating
Table 1
A summary of performance data of three Guzerat-crossbred groups previously reported by Din

Item

Breed group1

“Guzholstein” “Guzon

Final body weight2 (kg) 498c 521b

Average daily gain (kg/day) 1.7a 1.4b

Gain:feed (g/kg DM consumed) 130 110
Total body weight gain (kg) 103.1a 85.8b

Hot carcass weight (kg) 260c 287b

Dressing-out percentage (%) 51.6b 54.2a

Carcass weight gain (kg) 59b 63b

Means within a row with different superscript letters differ (P ≤ 0.05).
1 Thirty-six, 23-month-old, beef bulls from 3 breed groups (Guzerat; F1 Guzerat × Holstein (

Nellore (Three-Cross); n = 12, each group) derived from the same herd and different sires of
feedlot for 84 days, as previously described by Diniz et al. (2015).

2 Body weight was measured after 16 h of feed and water withdrawal at the end of the 84-d
electrode (Model SG2 — ELK Seven Go™, Mettler-Toledo International
Inc., Columbus, OH).To calibrate the pH-meter, the apparatus was
turned on and after 30 min the electrode was rinsed with distilled
water and dabbed with a paper wipe. Then, the electrode was sub-
merged in a 7.0 phosphate buffer at room temperature. Finally, after a
new rinse, the electrode was submerged in a 4.0 phosphate buffer.

Water-holding capacity was measured using a modified filter paper
press method (Zamorano & Gambaruto, 1997) on samples collected
24 h post-mortem. Briefly, 0.5-g cube samples were placed on a filter
paper and pressed between acrylic plates for 5 min, using a 10-kg
weight. After pressing, the residualmaterialwas removed from thefilter
paper using a blade and immediately weighed. Weight loss by pressure
was calculated as the percentage of the final weight from the sample's
initial weight.

Shear force was determined by cooking the LL samples in an oven at
170 °C. The internal temperature was monitored using a 20-gauge
copper–constantan thermocouples (Omega Engineering, Stamford,
CT) placed in the geometric center of the slice. When the internal
temperature reached 35 °C, samples were turned over and allowed
to reach 70 °C. After cooking, samples were then removed from the
oven and chilled at 4 °C for 24 h. Afterwards, eight cores of 1.27 cm
in diameter were removed parallel to the longitudinal orientation
of the muscle fibers (American Meat Science Association, 1995), by
using a hand-held coring device. Shear force was determined once
through the middle and perpendicular to the fiber direction, using
a Warner-Bratzler shear device (G-R Manufacturing Company, Man-
hattan, KS).

Instrumental color analysis was conducted on the surface of the LL
after a 30-min air exposition period using the CR-400 hand-held Chro-
maMeter (KonicaMinolta, Inc., Tokyo, Japan) colormeasurement appa-
ratus; illuminant D65 and geometry 45/0 were employed. Calibration
was performed utilizing a white plate supplied by the manufacturer.
Surface of the steakwasmeasured for lightness (L*), red (a*) and yellow
(b*) intensity in three spots and the average value from these three
spots was used.
2.3. Statistical analyses

Analyses for all variables were achieved by ANOVA for a completely
randomized design, with three treatments (breed groups), using the
GLM procedure of SAS (SAS Institute, Inc., Carry, NC). The model state-
ment contained the effects of genetic group, slaughter weightwas fitted
as covariate for carcass traits and carcass weight was fitted as covariate
for LL characteristics, and pen as the experimental unit. Bulls were ran-
domly selected from each pen and pen was considered as the random
term. Least square means were separated for comparison by using the
Tukey's Studentized test.
iz et al. (2015).1, 2

SEM P-valueell” Three-Cross

559a 16.1 0.01
1.6ab 0.14 0.04

120 10.6 0.08
97.5a 5.44 0.01

307a 24.8 0.02
56.0a 1.83 0.02
80a 10.40 0.03

‘Guzholstein’); F1 Guzerat × Nellore (‘Guzonell’); and 1/2 Simmental + 1/4 Guzerat+ 1/4
each breed group, subjected to similar prior management, were kept in an experimental

ay feedlot period.



Table 3
Characteristics of longissimus lumborum from three Guzerat-crossbreed groups.1, 2, 3, 4

Item

Breed group1

SEM P-value“Guzholstein” “Guzonell” Three-Cross

24-h pH 5.6 5.6 5.5 0.04 0.53
Water-holding capacity
(%)

32.6 35.4 32.9 0.88 0.35

Shear force (N) 43.1b 50.9a 50.1a 1.56 0.06
L*2 41.7 41.7 41.6 0.03 0.92
a*3 14.2 14.2 14.1 0.08 0.91
b*4 1.3 1.3 1.4 0.02 0.93

Means within a row with different superscript letters differ (P ≤ 0.05).
1 Eighteen, 23-month-old, beef bulls from 3 breed groups (n= 6, each group) were

evaluated: (1) F1 Guzerat × Holstein (“Guzholstein”); (2) F1 Guzerat × Nellore
(“Guzonell”); and (3) 1/2 Simmental + 1/4 Guzerat + 1/4 Nellore (Three-Cross).

2 Lightness.
3 Red intensity.
4 Yellow intensity.
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3. Results

3.1. Carcass data

Cold carcassweightwas greater (P b 0.01) for Three-Cross compared
with “Guzonell” and “Guzholstein”, which had lesser CCW than
“Guzonell” bulls (Table 2). Three-Cross carcasses had greater
(P b 0.01) rib-eye-area among groups, with “Guzonell” and
“Guzholstein” bulls having similar values. Similarly, 100-kg-adjusted
rib-eye-area was greater (P = 0.05) for Three-Cross than “Guzonell”
and “Guzholstein”, with both groups not differing. The LL length did
not differ (P=0.33) amonggroups. However,muscle depthwas greater
(P = 0.03) for Three-Cross compared with another groups. Length and
depth ratio was 1.86, 2.07, and 2.13 for Three-Cross, “Guzholstein” and
“Guzonell”, respectively. Subcutaneous fat thickness and 24-h shrink
loss did not differ (P ≥ 0.23) among groups.

3.2. Meat measurements

Twenty-four-hour pH,water-holding capacity, L*,a*, and b* intensity
did not differ (P N 0.35) among groups (Table 3).However, “Guzonell”
and “Three-Cross” bulls had greater (P = 0.06) shear force compared
with “Guzholstein”.

4. Discussion

Differences in CCW among groups are expected because of differ-
ences in body weight at slaughter, as depicted in Table 1. Our results
were greater than values reported by Vaz et al. (2002), who evaluated
3/4 Charolais × 1/4 Nellore and 3/4 Nellore × 1/4 Charolais bulls with
similar age.

B. taurus animals have a greater growth rate and, consequently, tend
to have greater rib-eye-area than B. indicus animals (Lopes et al., 2012).
Three-Cross and “Guzholstein” bulls have 50% of B. taurus genetics on
their breed composition, which come from Simmental and Holstein
breeds, respectively. On the other hand, “Guzonell” animals have in
their composition 100% of B. indicus genetics. The Simmental breed
may have contributed to greater heterosis in Three-Cross bulls and
hence favored for some carcass traits, such as greater rib-eye-area, com-
pared with other groups. “Guzholstein” bulls, because they contain a
breed selected for milk production in their composition (Holstein),
have lesser potential for muscularity. Fernandes et al. (2005) reported
that F1 Holstein ×B. indicus animals had a greater composition of inter-
nal organs and visceral fat on shrunk body weight gain compared with
B. indicus animals. Greater rib-eye-areas of B. taurus crosses were also
reported by Lopes et al. (2008), who performed a meta-analysis of 36
Table 2
Carcass traits and longissimus lumborum characteristics of three Guzerat-crossbred
groups.1, 2

Item

Breed group1

SEM P-value“Guzholstein” “Guzonell” Three-Cross

Cold carcass weight (kg) 254c 278b 294a 6.3 b0.01
Rib-eye-area (cm2) 62.7b 74.4b 87.0a 3.46 b0.01
100-kg-adjusted
rib-eye-area (cm2)

24.7b 26.8b 29.6a 1.33 0.05

Length1 (cm) 13.5 14.5 14.7 0.36 0.33
Depth2 (cm) 6.5b 6.8b 7.9a 0.22 0.03
Subcutaneous fat
thickness (mm)

1.9 2.6 1.9 0.17 0.21

Shrink loss (%) 3.0 2.9 3.5 0.54 0.23

Means within a row with different superscript letters differ (P ≤ 0.05).
1 Eighteen, 23-month-old, beef bulls from 3 breed groups (n= 6, each group) were

evaluated: (1) F1 Guzerat × Holstein (“Guzholstein”); (2) F1 Guzerat × Nellore
(“Guzonell”); and (3) 1/2 Simmental + 1/4 Guzerat + 1/4 Nellore (Three-Cross).

2 Length and depth were measured on the longissimus lumborum.
studies to compare different genetic groups. Elzo, Johnson, Wasdin,
and Driver (2012) also reported greater rib-eye-areas for B. taurus
crosses up to 50% of B. indicus influence.

Rib-eye-area is affected bybodyweight, and adjustment to an equiv-
alent of 100 kg of carcass weight is a better approach in comparing
groups (Leme et al., 2000). According to Luchiari Filho (2000), the rib-
eye-area adjusted to 100 kg should be at least 29.0 cm2. In the current
study, only Three-Cross bulls had greater value than the benchmark.
“Guzonell” and “Guzholtein” bulls had lesser values, also reported by
other authors who evaluated B. indicus crossbred animals (Ezequiel,
Galati, Mendes, & Faturi, 2006; Lage et al., 2012).

Brazilian slaughterhouse industry requires 3 mm of subcutaneous
fat thickness as a standard for carcasses. According to Luchiari Filho
(2000), subcutaneous fat thickness is important to carcass shield against
cold shortening during chilling, and 2mmis theminimumvalue accept-
able formaintainingmeat quality. Our valueswere around these bench-
marks. Similarly, Climaco et al. (2006) and Yüksel et al. (2012) reported
values lesser than 3 mm for bulls finished in pastures. For bulls finished
in feedlot, Miotto et al. (2012) and Rezende et al. (2012) also reported
values lesser than 3 mmwhen evaluating B. taurus × B. indicus animals.

Shrink loss was affected by subcutaneous fat thickness. According to
Müller (1987), this trait is influenced by fat content in the carcass or
subcutaneous fat thickness,whichworks as an insulator, avoiding losses
by dehydration. Therefore, carcasses with greater fat content have less
losses during chilling process. Lesser losses represent better cold carcass
yield, which is important to the slaughterhouses. Our values were
greater than previous reports (Pacheco et al., 2013; Zorzi et al., 2013).
However, these authors reported values greater than 3mm for subcuta-
neous fat thickness.

Normal values for 24-h pH range from 5.4 to 5.6 (Abularach, Rocha,
& Felício, 1998), but Luchiari Filho (2000) considered 5.6 and 5.8 the de-
sirable range for fresh meat. Water-holding capacity is reduced by the
post-mortem decline in pH because anaerobic fermentation of glycogen
and lactic acid formation (Duarte et al., 2011; Fernandes et al., 2009).
According to Fernandes et al. (2009), at pH 5.5, a greater spacing be-
tween protein filaments due to increased repulsion is observed, because
of prevalence of negative charges, resulting in greater water retention
and less shear force. However, at muscle isoelectric point (pH 5.2 to
5.3), there is an equilibrium between positive and negative charges
with lesser spacing between fibers and therefore less water-holding ca-
pacity (Fernandes et al., 2009). On the other hand, pH values above 5.8
is related with less muscle glycogen reserves, associated with dark col-
ored meat and less shelf life (Immonen, Ruusunen, & Puolanne, 2000).
The average pH value observed in this study lies within the desirable
pH range, which resulted in similar values for shear force and color
parameters.

Lack of genetic group effect on water-holding capacity is probably
because of similar muscle pH among groups. Greater water-holding
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capacity implies in less loss of nutritive value through released exudate
and, consequently, more succulent and tender meat (Zeola, Souza, Souza,
Silva Sobrinho, & Barbosa, 2007). Water-holding capacity is related with
age, carcass fat content, and marbling, in which meat from younger ani-
mals and with greater fat content tend to lose less water during cooking
compared with meat from older animals or with less fat content
(Bianchini et al., 2007; Pacheco et al., 2011). Furthermore, water-holding
capacity can also be influenced by the amount of collagen because, when
heated, it compresses muscle fibers by increasing water loss (Lawrie &
Ledward, 2006). In our knowledge, there is no benchmark value for
water-holding capacity. In the current study, bulls had similar age and,
even “Guzonell” bulls having a numerically greater subcutaneous fat thick-
ness value, water-holding capacity was not affected by genetic groups.

Shear force is ameasurement that indicates tenderness, mechanical-
ly assessed through force necessary to sever the muscle fibers. A shear
force value of 6 kg is considered as the margin between tender and
tough (Shackelford, Wheeler, & Koohmaraie, 1997). All genetic groups
had lesser shear force values than 6 kg (~ 58.8 N), demonstrating that
all groups yielded tender meat, regardless of B. indicus and or B. taurus
participation in the genetic groups evaluated in this study. An interest-
ing finding of this study was that bulls from dual-purpose production
systems produced meat considered very tender, according to the scale
proposed by Bickerstaffe, Bekhit, Robertson, Roberts, and Geesink
(2001). Despite the fact that pH values were above the isoelectric
point and below 5.8 and not differing among groups, shear force was
less for “Guzholstein” bulls probably because of the less calpain
calpastatin ratio. Although the calpain–calpastatin systemwas not eval-
uated in the current study, it is known that animals with greater B. tau-
rus participation have lesser calpastatin (Pringle, Williams, Lamb,
Johnson, & West, 1997), contributing to a greater tenderness. In addi-
tion, collagen content of meat from the “Guzonell” and Three-Cross
groups may have affected shear force values, since animals with B.
indicus breeding have greater gene expression for lysyl oxidase and
cystatin C (which are related with collagen content), and greater shear
force (Gonzalez et al., 2014).

Color of meat is affected by the amount of myoglobin and extent of
oxidationwhen exposed to oxygen (Lawrie & Ledward, 2006). General-
ly, consumers prefer a bright cherry-red meat. Lack of genetic group ef-
fect on color characteristics probably can be because similar values
observed for pH among groups, correct management during
slaughtering procedures (ante- and post-mortem) in addition to the
proper process in converting muscle to meat.

In summary, although evaluating a reduced number of carcasses, we
observed that Three-Cross bulls had better carcass traits than
“Guzholstein” and “Guzonell”. However, all genetic groups had low
value for subcutaneous fat thickness. “Guzholstein” bulls had tenderer
meat compared with other groups. We conclude that “Guzholstein”
could be an option for producers willing to finish this kind of breed
group, as it is comparable or better than B. indicus cross and B. indicus×B.
taurus bulls.
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