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ABSTRACT. The Guzerat cattle breed, in past centuries, was
utilized in Brazil mainly for work and transport in the coffee industry
because of its rusticity; however, in recent decades it has become
important for milk and meat production. Cattle traits such as rib-eye
area, backfat thickness, and intramuscular fat percentage have been
continuously evaluated in breeding programs because they are related
to meat quality, carcass yield and organoleptic properties; however,
the Guzerat breed has not been included in this type of study. In order
to overcome these limitations, we estimated variance components,
genetic correlations and heritability for ribeye area (REA), backfat
thickness (BFT), rump fat thickness (RFT), intramuscular fat
percentage (IMF), dry matter intake (DMI), average daily gain
(ADG), scrotal circumference (SC), metabolic weight (MW), visual
score for finishing (VSF), residual feed intake (RFI) and margin
(MAR) from 1499 animals of the Guzerat breed. Genetic parameters
and trait heritabilities were estimated using data collected from
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various breeders for each trait. The dataset was analyzed by the
AIREMLF90 program. REA and MAR were the carcass and
production traits with the greatest additive genetic variance; they also
had the highest heritability values. The average inbreeding of animals
in pedigree was 0.81%; more than 71% of animals had 0%
inbreeding and only 0.04% of the animals had a coefficient over
25%. Carcass and production traits of Guzerat cattle analyzed in this
study showed sufficient genetic variability to respond to a selection
program, especially for the traits REA, RFT, IMF and ADG. Thus,
selecting animals based on data obtained from this study will help
improve Guzerat carcass quality, production efficiency and profit
margins.
Key words: Guzerat; Genetic; Carcass; Productive; Inbreeding

INTRODUCTION
The Guzerat cattle breed, as it is known in Brazil and throughout America, was
founded from the Indian Kankrej breed when in 1870, animals belonging to various Zebu
breeds, were introduced to Brazil (Santiago, 1985). According to the “Association of
Breeders of Guzerat and Guzolando of Brazil, (ACGB)”, this breed was utilized mainly for
work and transport in the coffee industry because of its rusticity, and secondarily for milk
and meat production. Thus Guzerat became the predominant Brazilian cattle breed up till
1920 (ACGB). Furthermore, at the beginning of the past century, the females were
submitted to intense crossbreeding schemes to obtain the synthetic Indubrasil breed,
decreasing up to 50% the number of females for the replenishment of the breed in 1992
(Faria et al., 2004). Nevertheless, the Guzerat breed has made a great contribution to
Brazilian cattle production, improving productivity, hardiness, precocity and meat quality
(Junior et al., 2013). Traits such as rib-eye area, backfat and rump fat thickness,
intramuscular fat percentage and visual score for finishing have been continuously assessed
in breeding programs because they are related to meat quality, carcass yield and cutability,
and organoleptic properties (Bergen et al., 2005; Neto et al., 2009; Junior et al., 2013; Cafe
et al., 2018), while other traits such as dry matter intake, average daily gain, metabolic
weight, residual feed intake and margin are related to production efficiency (Basarab et al.,
2003; Santana et al., 2014). Traditionally, genetic breeding programs in Brazil have only
considered traits related to reproduction and adaptability; more recently these programs
have included carcass characteristics, mainly in Nellore, with the aim to predict the genetic
merit and expected progeny differences (Neto et al., 2009), but Guzerat has remained
sidelined in this area. In this scenario, the objective of this study was to estimate genetic
parameters of this breed for meat production and efficiency related traits, being this one of
the first such efforts for Guzerat, considering carcass and productive traits.

MATERIAL AND METHODS
No ethical statement from the animal welfare and ethics committee was required
since the dataset belongs to the Animal Breeding, Biotechnology and Transgenic Group
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(NAP- GMABT) at the Faculty of Animal Science and Food Engineering of the University
of São Paulo. The phenotypic data included 2697 records and the pedigree contained 4644
animals. Animals in pedigree were tested for inbreeding coefficient by the software Endog
4.8 (Gutiérrez and Goyache, 2005).
The traits examined in this study were ribeye area (REA), backfat thickness (BFT),
rump fat thickness (RFT), intramuscular fat percentage (IMF), dry matter intake (DMI),
average daily gain (ADG), scrotal circumference (SC), metabolic weight (MW), visual
score for finishing (VSF), residual fees intake (RFI) and margin (MAR). REA, BFT and
IMF were measured over the loin at the 12th intercostal space, RFT was measured over de
rump, between the ilium and ischium bones, known as P8 fat. REA, BFT, RFT and IMF
were made by trained personal using an Aloka 500 unit (Corometrics Medical System, Inc.,
Wallingford, Connecticut), equipped with a 3.5 MHz, 17 cm linear-array transducer and
vegetable oil as conductive medium. Other traits were collected from databases and
production records from various farms in Brazil. Margin is a profit coefficient based on
carcass yield and money payback.
Phenotypes were tested for normality (Kolmogorov-Smirnov), and subsequently
outlier records (±3 standard deviations) and animals with no phenotype records for all traits
were removed. After that, 1399 animals remained for analysis, including 1057 males and
342 females. The analyses of variance components were performed using the Average
Information Restricted Maximum Likelihood method (AIREMLF90) and a two-trait animal
model to estimate genetic correlations and heritability. The following animal model was
used: y = Xβ + Za + e, with:
≈

0
,
0 0

0

(Eq. 1)

G=A  G0, R=Ie  R0, and = observation vector for each trait; β = vector of fixed effects
for sex and contemporary group; = vector of additive direct genetic random effects; e =
residual vector; X = incidence matrix relating records to fixed effects of contemporary
group; Z= incidence matrix relating records to additive direct genetic random effects.
Contemporary groups were established based on the moment when data traits were
obtained, or phenotypic evaluations were made (33 levels). Ie the identity matrix of equal
order to the number of records, A the numerator relationship matrix, R0 the residual
covariance matrix among measurements on the same animal, G0 the covariance matrix for
additive genetic effects and  the Kronecker product.
Heritability was calculated using the equation proposed by Falconer (1960).
ℎ =

(Eq. 2)

Where
is the genetic additive variance and
is the phenotypic variance. Genetic
correlations were calculated by the following equation:
=

,

where cov1,2 is the covariance between two traits and
variance of each one of them.
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RESULTS AND DISCUSSION
The mean and standard deviation values for each carcass and productive trait are
shown in Table 1.
Table 1. Description of the final data set of carcass and productive traits in Guzerat cattle.
Traits
REA (cm2)
BFT (cm)
RFT (cm)
IMF (%)
DMI (kg)
ADG (kg)
SC (cm)
MW (BW0.75)
VSF
RFI (kg)
MAR

No. of animals with records
1395
0908
0955
0978
0565
0565
1025
0566
1398
1399
0566

Mean  SD
-63.8  13.3
0-4.99  2.4
0-5.83  2.9
0-3.34  1.6
-10.3  1.2
0-1.6  0.3
-32.6  4.3
-90.6  8.7
0-5.60  2.2
0-0.003  0.7
-24.18  20.9

Min
-27.81
0-0.9
0-1.91
0-1.42
0-7.12
0-0.87
-21
-68.85
-00.83
0-2.39
0 -0

Max
101.88
022.9
018.67
012.9
014.75
002.53
052
122.14
021.42
002.9
000.31

REA: rib eye area, BFT: backfat thickness, RFT: rump fat thickness, IMF: intramuscular fat percentage, DMI: dry matter
intake, ADG: average daily gain, SC: scrotal circumference, MW: metabolic weight, BW: body weight, VSF: visual
score for finishing, RFI: residual feed intake, MAR: margin

The variance component for each trait evaluated in this study, the genetic and
phenotypic correlations between all of them and the estimated heritability are shown in
Table 2.
The results obtained for REA, BFT and RFT are higher than those published by
Neto et al. (2009) for this breed (REA: 58.1 cm2, BFT: 2.6 mm and RFT: 3.6 mm) and are
similar to those published in a recent study by Aranha et al. (2018). REA is an important
indicator of carcass quality. This trait gives an idea of animal muscularity and carcass yield;
i.e. the larger the rib eye area, the greater the muscle score and the greater the carcass yield.
Therefore, animals with a good REA are more likely to have good muscularity and yield
and will give a better profit (Cafe et al., 2018). Crosses of Guzerat x Nellore has shown an
improvement of this trait in 23-month-old bulls and even more when both breeds are mated
with Simmental (77.4 and 87.0 cm2, respectively) (Diniz et al., 2016).
BFT and RFT also play a key role in the meat industry, since these function as a
thermal insulator, preventing excessive shortening of muscle fibers during freezing,
avoiding water losses and meat darkening, improving organoleptic characteristics (Park et
al., 2007; Veneroni-Gouveia et al., 2012). According to some researchers, it should have a
minimum thickness of about 3 mm to fulfill this function (Silva et al., 2012); and results
from this study were better (4.99 and 5.83 mm for BFT and RFT respectively).
IMF was higher than that published by Aranha et al. (2018) (2.5 and 2.0%) for
Guzerat steers and heifers, respectively. These results are better than those published for the
most popular cattle breed in Brazil, the Nellore (Magalhães et al., 2019). However, in
another study IMF was greater (4.8%) in Nellore pure breed than ½ Guzerat x ½ Nellore
(4.2%), indicating that Nellore influence could increase IMF when crossing with Guzerat
(de Azambuja Ribeiro et al., 2008).
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Table 2. Estimates for variance components, heritability and standard error (diagonal), genetic correlation
(above the diagonal) and phenotypic correlation (below the diagonal) of carcass and productive traits in
Guzerat cattle.
Traits
REA
BFT
RFT

2a

2e

17.29

041.92

00.41
00.70
00.47

IMF

038.74
029.98
015.53

REA
0.29 
0.00
0.29
0.33
0.20

BFT

RFT

Genetic parameters
IMF
DMI
ADG

SC

MW

VSF

RFI

MAR

0.17

-0.05

-0.27

-0.15

-0.05

-0.19

-0.11

-0.05

-0.09

-0.66

0.10 
0.00

-0.35

-0.41

-0.24

-0.25

-0.21

-0.14

-0.77

-0.34

-0.37

0.40

-0.19 
-0.00

-0.45

-0.01

-0.10

-0.24

-0.21

-0.85

-0.07

-0.13

-0.02

-0.24 
-0.00

-0.33

-0.40

-0.11

-0.53

-0.59

-0.43

-0.20

0.25

DMI

00.06

000.66

0.23

0.24

-0.34

-0.04

ADG

00.01

000.04

0.17

0.17

-0.09

-0.10

SC

15.72

063.20

0.54

0.18

-0.04

-0.20

MW

00.35

014.65

0.59

0.32

-0.41

-0.01

VSF

00.45

027.77

0.40

0.77

-0.88

-0.10

RFI

00.077

000.58

0.01

0.09

-0.07

-0.04

73.41

194.44

0.50

0.11

-0.04

-0.11

MAR

--

-0.10  ---0.06
-.21
-0.05
-0.23
-0.92
-0.10
-0.00
-0.21  ---0.40
-0.07
-0.94
-0.21
-0.44
-0.76
-0.00
-0.20  ---0.43
-0.13
-0.13
-0.23
-0.28
-0.24
-0.00
-0.20  ---0.50
-0.13
-0.62
-0.25
-0.40
-0.61
-0.00
-0.14  ---0.37
-0.13
-0.15
-0.45
-0.32
-0.30
-0.00
-0.12  ---0.58
-0.01
-0.08
-0.01
-0.10
-0.41
-0.00
-0.27  ---0.14
-0.63
-0.06
-0.08
-0.06
-0.29
-0.00

2a: additive genetic variance component, 2e: residual variance component, REA: rib eye area, BFT: backfat thickness,
RFT: rump fat thickness, IMF: intramuscular fat percentage, DMI: dry matter intake, ADG: average daily gain, SC:
scrotal circumference, MW: metabolic weight, VSF: visual score for finishing, RFI: residual feed intake, MAR: margin.

DMI, ADG, RFI and MW averaged 10.3  1.2 kg, 1.6  0.3 kg, -0.003  0.7 kg and
90.6  8.7 kg, respectively. These traits have been described manly in other zebu breeds,
such as Nellore, in which DMI, ADG, RFI and MW averaged 7.59  1.46 kg, 1.03  0.25
kg, 0.00009  0.53 kg and 80.1  8.8 kg, respectively (Moraes et al., 2016). DMI and ADG
are two important traits that give an idea of how each animal is taking advantage of food
and turning it into body mass, i.e., feed conversion (FC = DMI/ADG). Moreover, the
inverse of this equation gives the feed efficiency (FE = ADG/DMI) (Santana Gomes et al.,
2014). Both values, DMI and ADG, were poorer for Guzerat.
Residual feed intake, which is the difference between observed feed intake and
estimated feed intake, was better for Guzerat than observed for Nellore; this means that
Guzerat breed could be more efficient than Nellore and need less food and nutrients for
maintenance and growth (Basarab et al., 2003). MW, which is the assumption that in the
animal kingdom metabolism is proportional to the body weight raised to the power 0.75
(MW = BW0.75) (Blaxter, 1989), shows that Guzerat animals are, on average, bigger than
Nellore, with an average MW of 90.6  8.7 kg versus 80.1  8.8 kg. This means that
Guzerat may need more food to fulfill nutrient requirements needed per each kg of meat
produced; but also they may produce more meat per animal than Nellore does.
Visual score for finishing and scrotal circumference were better than those found
previously in Guzerat animals at 550 days of age (4.2 and 28.2 cm, respectively) (Abreu et
al., 2018). These traits are genetically correlated (0.19) in Nellore cattle (Boligon and de
Albuquerque, 2011), but in our study we found a negative genetic correlation (-0.23).
However, the phenotypic correlation between both traits was positive (0.15). Scrotal
Genetics and Molecular Research 18 (3): gmr18413
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circumference had a great genetic correlation in Nellore with other corporal measurements,
such as weight at 378 days (0.71), thoracic perimeter (0.53), body length (0.56) and height
at buttock (0.47), and also a positive phenotypic correlation with these same traits (0.37,
0.23, 0.20, 0.20, respectively) (Cyrillo et al., 2001).
In our study VSF showed a good phenotypic correlation with most of production
traits (Table 2). However, genotypic correlations were negative with IMF, DMI, SC and
MW. Scrotal circumference showed a positive genetic correlation with DMI and RFI (0.21
and 0.28 respectively), and inverse correlations with BFT, RFT, VSF and MAR (-0.21, 0.24, -0.23 and -0.24, respectively), while all phenotypic correlations were positive (Table
2). Genetic correlation of moderate magnitude has been reported in Nellore between visual
scores and scrotal perimeter in yearling animals (Faria et al., 2009). Visual scores in Bos
indicus are correlated with scrotal circumference, being useful when selecting precocious
animals with enhanced visual scores (Boligon and de Albuquerque, 2011). In Guzerat,
genetic correlation between body weight at different ages and scrotal circumference were
moderate to high; so positive genetic changes could be expected in SC if animals are
selected based on body weight, precocity and muscling (Abreu et al., 2018).
Heritability estimates found in our study for REA, BFT and RFT (0.29 and 0.10,
0.19, respectively) were lower than those found by Neto et al. (2009) (0.34, 0.32, 0.10,
respectively) and by Guidolin (2010) (0.48, 0.32 and 0.10, respectively). The study made by
Neto et al. (2009) included 1.319 animals for REA and BFT, and 1,321 animals for RFT
and the study made by Guidolin (2010) only included 611 animals for REA and 604
animals for BFT, which gives an idea of accuracy when estimating heritability for these
parameters. Estimations for our study included 1,395 animals for REA, 908 for BFT, 955
for RFT and 978 for IMF. Junior et al. (2013), using a Bayesian approach for studying
alternative models for genetic analyses of these traits, measured by ultrasound, in Guzerat
found heritability estimates of 0.15, 0.19 and 0.17 for REA, BFT and RFT respectively,
considering a polygenic model.
No other previous study in Guzerat included IMF as a carcass characteristic to
estimate heritability in this breed; however, comparing this trait between Guzerat and
Nellore cattle, results show that heritability for IMF is higher than found in Nellore (0.24
and 0.19, respectively) (Magalhães et al., 2019). DMI, ADG and RFI have an estimated
heritability of 0.37, 0.50 and 0.28 respectively for Nellore (Moraes et al., 2016; Polizel et
al., 2018), higher than found in our study, where estimates were 0.10, 0.21 and 0.12,
respectively.
Scrotal circumference heritability reported previously in Guzerat ranged from 0.42
at 200 days of age, up to 0.60 in yearling bulls, with a slight reduction at 550 days of age
with values of 0.55 (Mota et al., 2019). All these values were better than found in the our
study (0.20) but this consider the whole population without segmentation by age, which
gives a global idea of how this trait behaves.
MW heritability was also lower than reported for Nellore (0.53  0.06) by Ceacero
et al. (2016). However, a value of 0.24 has been reported in yearling Guzerat males, with a
trend to a reduction with the ageing, since when the animals were 189 days of age, the
heritability was 0.53 (Pelicioni et al., 2009).
For visual evaluation scores, Abreu et al. (2018) reported values for direct
heritability ranging from 0.30 to 0.33 and for maternal heritability from 0.13 to 0.16, while
values in our study are about 0.14. According to these authors, breeding programs can
Genetics and Molecular Research 18 (3): gmr18413
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employ finishing precocity and visual scores as criteria, and that could lead to a gain in
scrotal circumference in Guzerat. Moreover, selecting by visual scores will improve body
weight, muscling and fat deposition (Koury Filho et al., 2009; Gordo et al., 2012).
Finally, Table 3 shows inbreeding coefficients for animals in pedigree; the mean
percentage was 0.81%. About 70% of animals were classified with 0 inbreeding, and only
two animals had an inbreeding coefficient over 25%. Previously, Peixoto et al. (2006),
reported a maximum value of 31% in Guzerat dairy cows in Brazil. This is supports what
was reported by Faria et al. (2004), who explain that at the beginning of the past century,
females were submitted to intense crossbreeding to obtain the synthetic Indubrasil breed,
which decreased up to 50% the number of females available for breed renewal.
Table 3. Inbreeding coefficients of Guzerat cattle.
Inbreeding %
0 =0.00
00 0.00 – 6.25
00 6.25 – 12.50
0 12.50 – 18.75
0 18.75 – 25.00
> 25.00

N
3319
1125
0150
0039
0009
0002

%
71.47
24.22
03.23
00.84
00.19
00.04

Total number of animals in pedigree: 4644. Average inbreeding (%): 0.81

CONCLUSIONS
In conclusion, carcass and productive traits of Guzerat cattle analyzed in this study
show sufficient genetic variability to respond to a selection program, especially for traits
such as REA, RFT, IMF and ADG. Additionally, DMI has a good genetic correlation with
IMF and good phenotypic correlation with ADG, which means that by selecting animals for
ADG we are selecting animals with good DMI but with a genetic progression in IMF and
REA, which improves meat tenderness, juiciness, flavor and MAR.
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