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Genetic correlation estimates between beef fatty acid profile
with meat and carcass traits in Nellore cattle finished in feedlot

Fabieli Loise Braga Feitosa1 & Bianca Ferreira Olivieri1 & Carolyn Aboujaoude1 &

Angélica Simone Cravo Pereira2 & Marcos Vinicius Antunes de Lemos1 &

Hermenegildo Lucas Justino Chiaia1 & Mariana Piatto Berton1
& Elisa Peripolli1 &

Adrielle Matias Ferrinho2 & Lenise Freitas Mueller3 & Mônica Roberta Mazalli4 &

Lucia Galvão de Albuquerque1,5 &Henrique Nunes deOliveira1,5 &Humberto Tonhati1,5 &

Rafael Espigolan1
& Rafael Lara Tonussi1 & Rafael Medeiros de Oliveira Silva1 &

Daniel Gustavo Mansan Gordo1 & Ana Fabrícia Braga Magalhães1 & Ignacio Aguilar6 &

Fernando Baldi1,5

Received: 15 December 2015 /Revised: 10 March 2016 /Accepted: 5 July 2016 /Published online: 30 July 2016
# Institute of Plant Genetics, Polish Academy of Sciences, Poznan 2016

Abstract The objective of this study was to estimate the ge-
netic–quantitative relationships between the beef fatty acid pro-
file with the carcass and meat traits of Nellore cattle. A total of
1826 bulls finished in feedlot conditions and slaughtered at
24 months of age on average were used. The following carcass
and meat traits were analysed: subcutaneous fat thickness (BF),
shear force (SF) and total intramuscular fat (IMF). The fatty
acid (FA) profile of the Longissimus thoracis samples was de-
termined. Twenty-five FAs (18 individuals and seven groups of
FAs) were selected due to their importance for human health.
The animals were genotyped with the BovineHD BeadChip

and, after quality control for single nucleotide polymorphisms
(SNPs), only 470,007 SNPs from 1556 samples remained. The
model included the random genetic additive direct effect, the
fixed effect of the contemporary group and the animal’s slaugh-
ter age as a covariable. The (co)variances and genetic parame-
ters were estimated using the REML method, considering an
animal model (single-step GBLUP). A total of 25 multi-trait
analyses, with four traits, were performed considering SF, BF
and IMF plus each individual FA. The heritability estimates for
individual saturated fatty acids (SFA) varied from 0.06 to 0.65,
for monounsaturated fatty acids (MUFA) it varied from 0.02 to
0.14 and for polyunsaturated fatty acids (PUFA) it ranged from
0.05 to 0.68. The heritability estimates for Omega 3, Omega 6,
SFA, MUFA and PUFA sum were low to moderate, varying
from 0.09 to 0.20. The carcass and meat traits, SF (0.06) and
IMF (0.07), had low heritability estimates, while BF (0.17) was
moderate. The genetic correlation estimates between SFA sum,
MUFA sum and PUFA sum with BF were 0.04, 0.64 and
−0.41, respectively. The genetic correlation estimates between
SFA sum, MUFA sum and PUFA sum with SF were 0.29,
−0.06 and −0.04, respectively. The genetic correlation esti-
mates between SFA sum, MUFA sum and PUFA sum with
IMF were 0.24, 0.90 and −0.67, respectively. The selection to
improve meat tenderness in Nellore cattle should not change
the fatty acid composition in beef, so it is possible to improve
this attribute without affecting the nutritional beef quality in
zebu breeds. However, selection for increased deposition of
subcutaneous fat thickness and especially the percentage of
intramuscular fat should lead to changes in the fat composition,
highlighting a genetic antagonism between meat nutritional
value and acceptability by the consumer.
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Introduction

The zebu breeds have some advantages, such as better adap-
tation to tropical environment and resistance to parasites
(Cundiff 2004). However, compared to taurine breeds or
crossbreds, zebu breeds produce carcasses with lower fat con-
tent, harder meat and lower percentage of intramuscular fat.
Meat quality is associated with organoleptic characteristics
such as colour, flavour, tenderness and juiciness, and these
attributes are influenced by factors such as finishing, fat de-
position and marbling of the meat. Thus, the meat produced
from zebu breeds in tropical and sub-tropical regions has or-
ganoleptic characteristics that, in general, are not well accept-
ed by more demanding markets.

Currently, there is a continuing and growing concern about
excessive fat consumption, especially animal fat, and the fat
composition of the meat. The ruminant fat is a natural source
of conjugated isomers of linoleic acid (CLA), such as c9t11
(French et al. 2000), and has other essential polyunsaturated
fatty acids (PUFA), such as linoleic and linolenic, and mono-
unsaturated fatty acids (MUFA), such as oleic acid, which are
beneficial to human health (Becker et al. 1983; Ip 1997;
Pensel 1998; Simopoulos 2008). However, meat also has sat-
urated fatty acids (SFA), which, in general, are associated with
the increase of low-density lipoproteins (LDL). This is due to
the effect of acids such as lauric and myristic, which reduce
the activity of LDL receptors in the liver, increasing LDL
concentration in plasma (Givens 2005).

Although meat from Bos indicus cattle is, generally, less
tender and has lower percentage of intramuscular fat
compared to Bos taurus, Rossato et al. (2010) reported that
meat from Nellore is nutritionally healthier compared to
Angus meat. Huerta-Leidenz et al. (1993, 1996) and Perry
et al. (1998) compared the composition of adipose tissue of
Bos taurus and Bos indicus, and reported that zebu meat has a
lower content of SFA than taurine breeds. Therefore, if zebu
meat is moderately consumed, it should not cause problems to
human health, as it has desirable characteristics, such as low
fat content, typically from 2–4 % of intramuscular fat, and a
fatty acid profile with high levels of the omega 3 (n-3) fatty
acid series (Prado et al. 2003). Although several studies have
reported differences in the fatty acid profile among breeds
(Mills et al. 1992; Huerta-Leidenz et al. 1993, 1996; Siebert
et al. 1996; Malau-Aduli et al. 1997; Rule et al. 1997; Malau-
Aduli et al. 1998; Pitchford et al. 2002), these differences may
be mistaken by differences in fat deposition or precocity be-
tween breeds (De Smet et al. 2004). According to these au-
thors, breeds with higher fat deposition or greater finishing

precocity have a smaller PUFA/SFA ratio and have, therefore,
less healthy meat.

Despite its relevance in tropical regions, genetic improve-
ment programmes for carcass and meat traits in zebu cattle
have been limited in cattle. Several studies have emphasised
the need to improve the meat quality of zebu animals, by
increasing tenderness, carcass fat thickness or intramuscular
fat. However, there is still little information on the impact of
selection for these traits on the composition of fat, particularly
intramuscular fat. De Smet et al. (2004) stated that the fatty
acid composition influences greatly the juiciness, flavour and
tenderness of the meat. Therefore, the knowledge of the
phenotypic and genetic correlations between carcass and
meat traits with the fatty acid profile of the meat is
necessary. There are few studies, most with taurine breeds,
which have quantified the genetic associations between the
beef fatty acid profile with carcass and meat traits. In this
context, Nogi et al. (2011) and Kelly et al. (2013) studied
the genetic–quantitative relationships between the fatty acids
profile with carcass and meat traits and concluded that chang-
es in fat composition are expected when selection is applied to
the carcass and meat traits.

In order to improve the meat quality of Bos indicus raised
in the tropics, information on genetic parameters for carcass
and meat traits, fatty acid composition and genetic–quantita-
tive relationships between these traits is essential to improve
meat tenderness and the proportion of fat in the carcass, with-
out harming the fat composition in zebu breeds. Therefore,
this study aimed at estimating the genetic–quantitative rela-
tionships between carcass and meat traits and the fatty acid
profile of Nellore.

Materials and methods

Animals and information management

This study was approved by the ethics committee of the
Faculty of Agrarian and Veterinarian Science, Sao Paulo
State University (UNESP).

A total of 1826 Nellore bulls finished in feedlot for a min-
imum period of 90 days and slaughtered at 24 months of age
on average were used. The animals belonged to eight different
farms located in the southeast, northeast and midwest regions
of Brazil, which participate in three beef cattle breeding
programmes (Nelore Qualitas, Paint and DeltaGen). In these
breeding programmes, animals are selected based on growth,
finishing and sexual precocity traits. The owners of these
farms have agreed to carry out this study and gave their per-
mission to conduct the study. The field studies did not involve
endangered or protected species.

Different breeding season periods are adopted on these
farms; therefore, calving seasons concentrate from August to
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October in some farms and from November to January in
others. The calves were weaned at approximately 7 months
old. The animals were raised grazing on Brachiaria sp. and
Panicum sp. forages, with free access to mineral salt. After
yearling, the breeding animals were selected and the rest
remained in feedlots for a period of at least 90 days. During
feedlot, the forage:concentrate ratio ranged from 50:50 to
70:30, depending on the farm. In general, whole-plant corn
or sorghum silage was used as high-quality forage. Grains of
corn and/or sorghum, and soybeans, soybean meal or sun-
flower seeds were used as protein concentrate.

Carcass and meat traits

The slaughters were carried out in commercial slaughter-
houses, in accordance with the Brazilian Federal Inspection
Service procedures. After storage for 48 h in a cold room at 0–
2 °C, 2.5-cm-thick samples were collected from the
Longissimus thoracis, between the 12th and 13th ribs of each
left half carcass for the analyses described below.

Back fat thickness (BF)

A vernier caliper was used to measure the subcutaneous fat
layer, placed at a 45° angle from the geometric centre of the
sample. The thickness of the body fat layer is expressed in
millimetres.

Shear force (SF)

The procedure proposed by Wheeler et al. (1995) was used to
determine the shear force. The Salter Warner–Bratzler Shear
Mechanical Force machine was used to determine meat ten-
derness, expressed in kg force (kgf).

Total intramuscular fat (IMF)

The total intramuscular fat was quantified using the method of
Bligh and Dyer (1959).

Fatty acids composition

The profile of meat fatty acids (FA) was determined using the
extraction method by Folch et al. (1957) and the methyl esters
were formed according to Kramer et al. (1997). The fatty acids
were quantified using a gas chromatographer (GC-2010 Plus,
Shimadzu AOC 20i auto-injector) with a SP-2560 capillary
column (100 m × 0.25 mm in diameter with 0.02 mm thick-
ness, Supelco, Bellefonte, PA, USA). Fatty acids were identi-
fied by comparison of the retention time of methyl esters of
the samples with standards of fatty acids C4–C24 (F.A.M.E.
Mix Sigma®), vaccenic acid: C18:1 t11 (V038-1G, Sigma®),
CLA: C18:2 t10c12 (UC-61M 100 mg), CLA: C18:2 c9t11

(UC-60M 100 mg) and tricosanoic acid (Sigma®). Fatty acids
were quantified by normalising the area under the curve of
methyl esters using the software GS solution 2.42. Fatty acids
content were expressed as the percentage of total fatty acid
methyl ester quantified.

Based on the identified acids, 25 FAs (18 individuals and
seven groups of FAs) were selected due to their importance in
relation to human health. The following fatty acids were de-
termined: lauric (C12:0), myristic (C14:0), palmitic (C16:0),
stearic (C18:0), myristoleic (C14:1), palmitoleic (C16:1),
oleic (C18:1 c9), elaidic (C18:1 n9t), vaccenic (C18:1 t11),
linoleic (C18:2 n6c), CLA-cis (C18:2 c9t11), CLA-trans
(C18:2 t10c12), alpha-linolenic (C18:3 n3), gamma-linolenic
(C18:3 n6), eicosatrienoic (C20:3 n6), eicosatrienoic (C20:3
n3), arachidonic (20:4 n6) and docosahexaenoic (C22:6 n3).
The sum of saturated (C4:0 + C6:0 + C8:0 + C10:0 + C11:0 +
C12:0 + C13:0 + C14:0 + C15:0 + C16:0 + C17:0 + C18:0 +
C21:0 + C24:0), monounsaturated (C16:1 + C17:1 c10 +
C18:1 t11 + C15:1 c10 + C20:1 c11 + C24:1 + C22:1 n9 +
C18:1c9 + C14:1 + 18:1n7 + C18:1 n9t), polyunsaturated
(C18:2 n6 + C18:3 n3 + C18:3 n6 + C20:3 n3 + C20:3 n6 +
C20:4 n6 + C20:5 n3 + C22:6 n3), omega 6 (C18:3 n6 +
C20:3 n6 + C18:2 n6 + C20:4 n6) and omega 3 (C18:3 n3 +
C20:3 n3 + C22:6 n3 + C20:5 n3) fatty acids were calculated
using the individual fatty acid concentration. The
polyunsaturated/saturated (PUFA/SFA) fatty acids and omega
6/omega 3 (n-6/n-3) ratios were also calculated.

Genotyping of animals

A total of 1616 animals were genotyped using the BovineHD
BeadChip (High-Density Bovine BeadChip, Illumina) with
777,962 single nucleotide polymorphisms (SNPs) markers.
The SNPs markers excluded were those with unknown geno-
mic position, located on sex chromosomes, monomorphic and
markers with minor allele frequency (MAF) less than 0.05,
call rate less than 90 % and markers with excess heterozygos-
ity. Samples with call rate less than 90 % were excluded,
leaving genotypes for 470,007 SNPs from 1556 samples.

Genetic–quantitative analysis

The contemporary groups (CGs) included animals born on the
same farm and in the same year, and from the same manage-
ment group at yearling. The CGs with fewer than three records
were eliminated from the analyses. Records exceeding three
standard deviations above or below the mean of each CGwere
excluded. The model used for the (co)variance and genetic
parameter estimation included the random genetic additive
direct effect, the fixed effect of the CG and slaughter age as
a covariable (linear and quadratic effect).

The (co)variances and genetic parameters were estimated
using the restricted maximum likelihood method, using the
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remlf90 and airemlf90 software (Misztal et al. 2002) and con-
sidering an animal model (ssGBLUP). Initially, the remlf90
(EM-algorithm) software was applied until convergence was
reached, then the (co)variance estimates obtained by remlf90
software were utilised as starting values for the airemlf90 (AI-
algorithm) software. The ssGBLUP model (single-step
genomic BLUP) is a modification of BLUP with numerator
relationship matrix A−1 replaced by H−1 (Aguilar et al. 2010):

H−1 ¼ A−1 þ 0 0
0 G−1−A−1

22

� �
ð1Þ

whereA22 is a numerator relationship matrix for genotyped
animals and G is a genomic relationship matrix. The genomic
matrix can be created as shown by VanRaden et al. (2009):

G ¼ ZDZ 0q ð2Þ

where Z is a matrix of gene content adjusted for allele frequen-
cies, D is a diagonal matrix and q is a weighting/normalising
factor. According to Vitezica et al. (2011), such a factor can be
derived by ensuring that the average diagonal in G is close to
that ofA22. In order to decrease the computational demand and
convergence problems, 25 multi-trait analyses, with four
traits, were performed considering SF, BF and IMF plus each
individual fatty acid or the proportion of SFA, MUFA, PUFA,
n-6, n-3, PUFA/SFA and n-6/n-3 ratios. For the traits, the
model can be represented by the following matrix form:

y ¼ Xβ þ Zaþ e ð3Þ

where y is the vector of observations, β the vector of fixed
effects, a the vector of direct additive genetic effects, X the
known incidence matrix, Z the incidence matrix of the random
additive direct genetic effect (associates vector β with vector
y) and e is the vector of the residual effect. It was assumed that
E[y] = Xb; Var(a) = H⊗ Sa and Var(e) = I⊗ Se, where Sa is
the (co)variance matrix for the additive genetic effect, Se the
(co)variance matrix for residual effect, H the relationship ma-
trix, I the identity matrix and ⊗ is the Kronecker product.

As an alternative of standard error, the standard devia-
tions of genetic parameters were calculated by repeated
sampling of parameters estimates from their asymptotic
multi-variate normal distribution, following the idea pre-
sented by Meyer and Houle (2013). The airemlf90 soft-
ware (Misztal et al. 2002) has an option to estimate the
standard deviation for the function of (co)variances (her-
itability and genetic correlations). The pedigree file
contained the identifications of the animal, sire and dam,
with a total of 2873 animals (after pruning) in the rela-
tionship matrix. The data file contained 1826 animals,
including 131 sires and 899 cows with progeny presenting
phenotypic data for at least one trait.

Results and discussion

The palmitic, stearic, oleic, linoleic and vaccenic acids
showed the highest percentages in fat beef, which add up to
75.4 % of total fatty acids found in the Longissimus thoracis
(Table 1). The average percentages of C16:0, C18:0, oleic and
linoleic acids found in this study were similar to those reported
byMetz et al. (2009), Rossato et al. (2010), Nogi et al. (2011),
Kelly et al. (2013) and Ekine-Dzivenu et al. (2014) for taurine
breeds. Kelly et al. (2013), working with several taurine
breeds, found an average of 3.33 % for vaccenic acid, lower
than that obtained in the present study.

In this study, palmitic and stearic saturated fatty acids were
the most predominant. Palmitic acid is a medium-chain acid,
which is not desirable in large amounts in meat, since it in-
creases the serum levels of cholesterol and LDL, thus causing
cardiovascular disease (Katan et al. 1994; Metz et al. 2009).
However, stearic acid is important in the synthesis of unsatu-
rated fatty acids, which are less harmful to human health be-
cause they are unstable. Despite its low concentration,
myristic acid needs attention because it increases 4 to 6 times
the concentration of serum cholesterol compared to palmitic
acid (Mensink and Katan 1992).

The heritability estimates for saturated and polyunsaturated
fatty acids ranged from low to high, varying from 0.06 to 0.65,
and were low for monounsaturated fatty acids, ranging from
0.02 to 0.23. The CLA-cis acid had a heritability estimate
lower than its isomer CLA-trans. The CLA-cis is a polyun-
saturated fatty acid important to human health, since it in-
creases the immune-stimulating, antioxidant and anti-
mutagenic activities (Ip 1997). The CLA-cis isomer is the
most biologically active form, due to its predominance in the
phospholipids’membranes. Inoue et al. (2011) and Kelly et al.
(2013) studied taurine breeds and obtained higher heritability
estimates for most studied fatty acids compared to the present
study. Recently, Cesar et al. (2014) estimated heritability for
the fatty acid profile of intramuscular fat (Longissimus) in
Nellore using two models (BayesB and GBLUP), and
achieved moderate estimates for most FA.

Estimates of heritability for the sums of SFA, MUFA and
PUFA corroborate to the study by Ekine-Dzivenu et al.
(2014). The sums of MUFA and PUFA are considered bene-
ficial to human health because they protect the cardiovascular
system by decreasing the serum levels of cholesterol and in-
creasing the high-density lipoproteins (HDL) (Pensel 1998;
Tapiero et al. 2002). The HDL are responsible for reverse
cholesterol transport by removing LDL excess left in the pe-
ripheral tissues and transporting it to the liver, where it is
metabolised and eliminated from the body as acids and bile
salts (Hirata and Hirata 2002). Essential fatty acids include the
omega 3 and omega 6 families, which are not biologically
synthesised by humans, but are necessary for biological
processes and must, therefore, be ingested in the diet. The
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omega 3 and omega 6 fatty acids have low and moderate
heritability estimates, 0.08 and 0.19, respectively. Cesar
et al. (2014) obtained moderate heritability estimates for ome-
ga 3 (0.17) and omega 6 (0.15) in Nellore beef. The results of
this study allow us to conclude that it is possible to obtain
response to selection for the composition of the intramuscular
fat in zebu animals, despite some low heritability estimates.

The mean shear force obtained is above the tenderness
acceptable range of 4.7–5.0 kgf (Table 2). The average SF
obtained in this study is close to the values reported by
Crouse et al. (1989), Burrow et al. (2001), Schutt et al.
(2009) and Pinto et al. (2010) for Bos indicus beef and their
crossbreds with different proportions of Bos taurus. In our
study, the mean percentage of lipids in the Longissimus
thoracis muscle was lower than the values reported by
Charles and Johnson (1976), Holloway et al. (1990), Huerta-
Leidenz et al. (1996), Newman et al. (2002) and Cesar et al.

(2014) for Bos taurus, Bos indicus and their crossbreds, also
finished in feedlot. The mean for BF obtained in this study
was lower than the values reported by Silva et al. (2003),
Rubiano et al. (2009) and Pereira et al. (2014) for Nelore
finished in feedlot as well. The mean SF, IMF and BF values
obtained in this study show that the acceptability of the meat is
compromised in some international consumer markets, requir-
ing greater juiciness, tenderness and flavour. However, it has
characteristics that are beneficial to human health, such as low
content of intramuscular fat and a fatty acids profile with high
levels of the n-3 series and an adequate dietary quality based
on the n-6/n-3 and PUFA/SFA ratios (Table 1).

The carcass and meat traits, SF and IMF, had low herita-
bility estimates, while BF was moderate (Table 2). The BF
heritability estimate was lower than the estimates found in
the literature for zebu animals, which range from 0.36 to
0.63 (Riley et al. 2002; Smith et al. 2007). Riley et al.

Table 1 Descriptive statistics,
estimates of additive and residual
variance, and heritability
(h2) ± standard deviation (SD) for
the fatty acid profiles, expressed
as a percentage of total fatty acid
methyl esters, in the Longissimus
thoracis muscle from Nellore
cattle

Fatty acida Nomenclature N Mean ± SD Genetic
variance

Residual
variance

h2 ± SD

Lauric C12:0 538 0.06 ± 0.18 0.174 0.009 0.65 ± 0.22

Myristic C14:0 867 2.13 ± 0.54 0.059 0.188 0.24 ± 0.05

Palmitic C16:0 867 20.9 ± 2.54 0.86 3.73 0.19 ± 0.04

Stearic C18:0 783 13.6 ± 3.31 0.61 9.16 0.06 ± 0.01

Myristoleic C14:1 824 0.31 ± 0.22 0.006 0.036 0.14 ± 0.09

Palmitoleic C16:1 937 2.18 ± 0.78 0.058 0.58 0.09 ± 0.03

Oleic C18:1 c9 934 30.64 ± 4.98 1.67 86.89 0.02 ± 0.003

Elaidic C18:1 n9t 483 2.9 ± 5.06 2.06 17.18 0.10 ± 0.01

Vaccenic C18:1 t11 878 1.29 ± 0.94 0.82 45.95 0.02 ± 0.001

Linoleic C18:2 n6c 865 8.40 ± 3.70 0.89 5.97 0.13 ± 0.03

Alpha-linolenic C18:3 n3 858 0.59 ± 0.26 0.004 0.002 0.68 ± 0.04

Gamma-linolenic C18:3 n6 569 0.08 ± 0.07 0.005 0.032 0.12 ± 0.02

Eicosatrienoic C20:3 n6 862 0.49 ± 0.20 0.002 0.030 0.07 ± 0.03

Eicosatrienoic C20:3 n3 862 2.00 ± 0.76 0.043 0.452 0.09 ± 0.03

Arachidonic C20:4 n6 432 1.11 ± 3.13 0.268 7.314 0.05 ± 0.01

Docosahexaenoic C22:6 n3 865 0.95 ± 0.38 0.014 0.106 0.12 ± 0.09

CLA-cis C18:2 c9t11 727 0.26 ± 0.11 0.0006 0.0065 0.08 ± 0.05

CLA-trans C18:2 t10c12 241 0.20 ± 0.12 0.003 0.004 0.57 ± 0.07

SFA sum 868 40.6 ± 6.03 2.57 26.10 0.09 ± 0.01

MUFA sum 868 37.4 ± 8.12 28.096 21.323 0.10 ± 0.03

PUFA sum 868 13.5 ± 5.67 4.07 16.05 0.20 ± 0.02

PUFA/SFA ratio 868 0.35 ± 0.20 0.002 0.028 0.07 ± 0.06

Omega 3 n-3 868 3.78 ± 1.55 0.150 1,83 0.08 ± 0.03

Omega 6 n-6 868 9.46 ± 4.54 2.16 9.91 0.18 ± 0.03

n-6/n-3 ratio 868 2.58 ± 0.98 0.055 0.63 0.08 ± 0.02

The concentrations of fatty acids are expressed as a percentage of total fatty acid methyl esters (FAME) quantified
a SFA sum (C4:0 + C6:0 + C8:0 + C10:0 + C11:0 + C12:0 + C13:0 + C14:0 + C15:0 + C16:0 + C17:0 + C18:0 +
C21:0 + C24:0); MUFA sum (C16:1 + C17:1 c10 + C18:1 t11 + C15:1 c10 + C20:1 c11 + C24:1 + C22:1 n9 +
C18:1 c9 + C14:1 + 18:1 n7 + C18:1 n9t); PUFA sum (C18:2 n6 + C18:3 n3 + C18:3 n6 + C20:3 n3 + C20:3 n6 +
C20:4 n6 + C20:5 n3 + C22:6 n3); n-6 (C18:3 n6 + C20:3 n6 + C18:2 n6 + C20:4 n6) and n-3 (C18:3 n3 + C20:3
n3 + C22:6 n3 + C20:5 n3)
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(2002) and Smith et al. (2007) showed higher heritability es-
timates for marbling in Bos indicus, 0.37 and 0.44, respective-
ly. The heritability estimated for SF was similar to the values
found in the literature (Riley et al. 2002; Smith et al. 2007). It
is expected that the response to improve the carcass subcuta-
neous fat thickness by selection would be higher than those
traits related to meat tenderness and intramuscular fat content.

Estimates of genetic correlations between carcass and meat
traits with the saturated fatty acid profile are displayed in
Table 3. The estimates of genetic correlation between subcu-
taneous fat thickness and the saturated fatty acids were low to
moderate, ranging from −0.13 to 0.60. With the exception of
the lauric fatty acid, estimates of genetic correlations between
saturated fatty acids and beef tenderness were low. Kelly et al.
(2013) studied taurine and adapted tropical breeds and obtain-
ed low genetic correlation estimates between fat thickness at
P8 with C14:0 (−0.19) and C16:0 (−0.21) and a moderate
estimate for C18:0 (−0.46).

The total intramuscular fat in the Longissimus thoracis
muscle (IMF) had low genetic correlation estimates with
sum of SFA, moderate with lauric, myristic and stearic
acids, and high with palmitic acid. Genetic correlations
between carcass and meat traits with saturated fatty acids
indicate that selection to increase the deposition of sub-
cutaneous fat, especially the percentage of lipids in the
Longissimus thoracis muscle, would probably change the
percentage of saturated fatty acids in the meat in the
same direction. However, our results showed that selec-
tion to improve the beef tenderness will not result in
major changes in the content of saturated fatty acids in
the intramuscular fat in the Longissimus thoracis muscle.

Estimates of genetic correlations between carcass and meat
traits with the monounsaturated fatty acids profile are shown
in Table 4. The genetic correlations estimated for the mono-
unsaturated fatty acids ranged from low to high magnitude,
between near-zero values to 0.90. With the exception of
myristoleic, palmitoleic and elaidic acids, the other acids had
low correlation estimates with the meat tenderness. Estimates
of genetic correlations between monounsaturated fatty acids
with BF were moderate, except for oleic and palmitoleic acid.
Nogi et al. (2011) worked with taurine breeds and estimated
low genetic correlation (0.16) between the subcutaneous fat
thickness (BF) withMUFA. Kelly et al. (2013) studied taurine
and adapted tropical breeds and reported a moderate genetic
association (0.56) between fat thickness at P8 with oleic fatty
acid content in the subcutaneous fat. Chung et al. (2007) and
Brooks et al. (2011) stated that, as the animal degree of termi-
nation increases during confinement, so does the activity of
the SCD gene, with consequent increase in oleic acid content.
However, in this study, there was a genetic antagonism be-
tween the oleic acid content and the fat thickness. Probably,
the fact that the fatty acid profile was determined in the intra-
muscular fat of the Longissimus thoracis muscle might ex-
plain these differences.

Estimates of genetic correlations between the percentages
of lipids in the muscle with monounsaturated fatty acids var-
ied from positive and moderate to high, with the exception of
oleic acid. Therefore, it is expected that selection to increase
the level of intramuscular fat in the Longissimus thoracis
muscle should also increase the content of monounsaturated
fatty acids. Likewise, Inoue et al. (2011) also correlated meat

Table 3 Estimates of genetic correlations ± standard deviation (SD)
between saturated fatty acids and the carcass and meat traits

Saturated fatty acids Nomenclature Traitsa ra ± SD

Lauric C12:0 BF 0.04 ± 0.42

SF −0.53 ± 0.45
IMF 0.35 ± 0.88

Myristic C14:0 BF 0.40 ± 0.15

SF 0.16 ± 0.18

IMF 0.76 ± 0.09

Palmitic C16:0 BF 0.60 ± 0.12

SF −0.08 ± 0.21
IMF 0.79 ± 0.08

Stearic C18:0 BF −0.13 ± 0.13
SF 0.05 ± 0.14

IMF 0.68 ± 0.08

SFA sumb BF 0.04 ± 0.08

SF 0.29 ± 0.07

IMF 0.24 ± 0.07

a BF: subcutaneous fat thickness (mm) measured between the 12th and
13th ribs; IMF: total intramuscular fat (%) in the Longissimus thoracis
muscle; SF: shear force (kgf) measured in the Longissimus thoracis
b SFA sum (C4:0 + C6:0 + C8:0 + C10:0 + C11:0 + C12:0 + C13:0 +
C14:0 + C15:0 + C16:0 + C17:0 + C18:0 + C21:0 + C24:0)

Table 2 Descriptive statistics,
estimates of additive and residual
genetic variance, and heritability
(h2) ± standard deviation (SD) for
the carcass and meat traits

Traita N Mean ± SD Genetic
variance

Residual
variance

h2 ± SD

BF 1564 4.02 ± 2.7 0.48 3.22 0.17 ± 0.02

SF 1826 5.17 ± 1.4 0.067 1.18 0.06 ± 0.01

IMF 1812 0.82 ± 0.42 0.033 0.065 0.07 ± 0.01

a BF: subcutaneous fat thickness (mm) measured between the 12th and 13th ribs; IMF: total intramuscular fat (%)
in the Longissimus thoracis muscle; SF: shear force (kgf) measured in the Longissimus thoracis
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marbling level with some fatty acids in the meat of the
Japanese Black breeds, and reported a high estimate for the
genetic correlation (0.96) with the summation (MUFA).

Estimates of genetic correlations between the polyunsatu-
rated fatty acid profile, omega 3 and omega 6 with subcuta-
neous fat thickness were mostly low (Table 5). The estimates
of genetic correlations between SF and individual polyunsat-
urated fatty acids varied in magnitude and sign. With the ex-
ception of alpha-linolenic and CLA-cis, the estimates of ge-
netic correlation between lipids percentage in the Longissimus
thoracis muscle with the individual fatty acids level, sum of
PUFA and PUFA/SFA ratio were negative, and varied from
moderate to high. Similar results were obtained for the omega
3, omega 6 and omega6/omega3 ratio. Therefore, the results
of this study allow inferring that the selection to increase the
deposition of intramuscular fat should promote an
unfavourable decrease in polyunsaturated fatty acid levels,
omega 3 and omega 6. Nogi et al. (2011) investigated the
Japanese Black breed and estimated moderate genetic corre-
lations, ranging from 0.30 to 0.39, between the rib eye area, fat
thickness and meat yield with the content of linoleic fatty acid,
PUFA and PUFA/SFA ratio in the Longissimus muscle. The
same authors also reported near-zero genetic correlations

between marbling score and linoleic fatty acid content,
PUFA and PUFA/SFA ratio in the Longissimus muscle.

For international meat quality standards, the amount of
intramuscular fat or marbling deposited in the Longissimus
muscle determines the carcass value and it is a good pre-
dictor of meat palatability (Tatum et al. 1982). The results
of this study and other studies indicate that zebu breeds

Table 5 Estimates of the genetic (ra) correlation ± standard deviation
(SD) between the CLA-cis, CLA-trans, PUFA, omega 3 and 6, and
PUFA/SFA ratio with the carcass and meat traits

Polyunsaturated
fatty acids

Nomenclature Traitsa ra ± SD

Alpha-linolenic C18:3 n3 BF −0.01 ± 0.05
SF −0.26 ± 0.05
IMF 0.55 ± 0.05

Linoleic C18:2 n6c BF 0.10 ± 0.14
SF −0.03 ± 0.13
IMF −0.91 ± 0.05

Gamma-linolenic C18:3 n6 BF 0.22 ± 0.12
SF −0.37 ± 0.12
IMF −0.55 ± 0.11

Eicosatrienoic C20:3 n6 BF −0.33 ± 0.19
SF −0.08 ± 0.25
IMF −0.69 ± 0.15

Eicosatrienoic C20:3 n3 BF −0.33 ± 0.19
SF −0.08 ± 0.26
IMF −0.69 ± 0.15

Docosahexaenoic C22:6 n3 BF −0.30 ± 0.20
SF −0.10 ± 0.28
IMF −0.50 ± 0.16

Arachidonic C20:4 n6 BF −0.68 ± 0.08
SF 0.13 ± 0.15
IMF −0.92 ± 0.05

CLA-cis 18:2 c9t11 BF 0.16 ± 0.42
SF −0.53 ± 0.70
IMF 0.16 ± 0.59

CLA-trans 18:2 t10c12 BF −0.10 ± 0.08
SF 0.59 ± 0.16
IMF −0.75 ± 0.50

Omega 3b n-3 BF −0.18 ± 0.23
SF −0.36 ± 0.27
IMF −0.39 ± 0.23

Omega 6c n-6 BF −0.37 ± 0.09
SF 0.07 ± 0.13
IMF −0.84 ± 0.05

n-6/n-3 ratio BF −0.30 ± 0.18
SF 0.68 ± 0.13
IMF −0.84 ± 0.08

PUFA sumd BF −0.41 ± 0.07
SF 0.22 ± 0.10
IMF −0.53 ± 0.08

PUFA/SFA ratio BF −0.36 ± 0.46
SF −0.04 ± 0.21
IMF −0.67 ± 0.10

a BF: subcutaneous fat thickness (mm) measured between the 12th and
13th ribs; IMF: total intramuscular fat (%) in the Longissimus thoracis
muscle; SF: shear force (kgf) measured in the Longissimus thoracis
b n-3 (C18:3 n3 + C20:3 n3 + C22:6 n3 + C20:5 n3)
c n-6 (C18:3 n6 + C20:3 n6 + C18:2 n6 + C20:4 n6)
d PUFA sum (C18:2 n6 + C18:3 n3 + C18:3 n6 + C20:3 n3 + C20:3 n6 +
C20:4 n6 + C20:5 n3 + C22:6 n3)

Table 4 Estimates of the genetic (ra) correlation ± standard deviation
(SD) between the monounsaturated fatty acids and the carcass and meat
traits

Monounsaturated
fatty acids

Nomenclature Traitsa ra ± SD

Myristoleic C14:1 BF 0.33 ± 0.13

SF −0.57 ± 0.18
IMF 0.51 ± 0.16

Palmitoleic C16:1 BF 0.15 ± 0.21

SF −0.68 ± 0.18
IMF 0.50 ± 0.20

Oleic C18:1 c9 BF −0.04 ± 0.10
SF 0.08 ± 0.09

IMF 0.05 ± 0.10

Elaidic C18:1 n9t BF 0.64 ± 0.06

SF −0.47 ± 0.08
IMF 0.41 ± 0.09

Vaccenic C18:1 t11 BF 0.40 ± 0.12

SF −0.07 ± 0.14
IMF 0.45 ± 0.11

MUFA sumb BF 0.64 ± 0.15

SF −0.06 ± 0.42
IMF 0.90 ± 0.06

a BF: subcutaneous fat thickness (mm) measured between the 12th and
13th ribs; IMF: total intramuscular fat (%) in the Longissimus thoracis
muscle; SF: shear force (kgf) measured in the Longissimus thoracis
b MUFA sum (C16:1 + C17:1 c10 + C18:1 t11 + C15:1 c10 + C20:1
c11 + C24:1 + C22:1 n9 + C18:1 c9 + C14:1 + 18:1 n7 + C18:1 n9t)
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have a lower content of intramuscular fat compared to
taurine breeds, which results in changing palatability,
flavour, juiciness and tenderness, and may, therefore,
influence meat acceptability by the consumers. The
results of this study indicate that selection to increase the
level of intramuscular fat in the Longissimus thoracis
muscle should decrease the content of polyunsaturated
fatty acids and the omega 3 and omega 6 series, and
increase the levels of saturated and monounsaturated fatty
acids, thus decreasing the dietary and nutritional quality of
the meat. De Smet et al. (2004) and Wood et al. (2008)
stated that, as animal fat increases, the proportion of
PUFA in the meat decreases drastically. Desirable attri-
butes of the meat improve as the level of fat in the carcass
increases, and there is an inverse relationship between nu-
tritional value and the acceptability of the meat in rumi-
nants (Wood et al. 2008).

The beef tenderness is an attribute that needs to be
improved in zebu breeds, since it can restrict meat access
to important markets and decrease the value of the prod-
uct. However, the meat of Zebu breeds is nutritionally
healthier compared to the meat of taurine breeds, and
when consumed in moderate amounts, should not cause
problems to human health (Huerta-Leidenz et al. 1993,
1996; Perry et al. 1998; Rossato et al. 2010). The results
of this study indicated that selection to improve meat ten-
derness in the Longissimus thoracis muscle should not
change the meat fatty acid profile and its nutritional value
in Nellore breed.

The subcutaneous fat thickness is critical in the post-
slaughter process because it prevents the shortening of
muscle fibres, called cold-shortening; darkening and stiff-
ening of the meat. This process is commonly observed in
meat of animals slaughtered with low fat thickness, and a
characteristic of the zebu breeds, which have little body
fat coverage (Burrow et al. 2001; Silva et al. 2003;
Rubiano et al. 2009; Pereira et al. 2014). Estimates of
genetic correlations between the fatty acid profile and
fat thickness varied in magnitude and sign, unlike the
results for intramuscular fat level in the Longissimus
thoracis, and were mostly low with saturated and polyun-
saturated fatty acids, and moderate with monounsaturated
fatty acids. Therefore, the selection to increase body fat
should increase the levels of most individual monounsat-
urated fatty acids and MUFA sum, with the exception of
oleic acid. In this study, the fatty acid profile was obtained
from the intramuscular fat in the Longissimus thoracis
muscle, which might explain the stronger association be-
tween fat composition and the percentage of intramuscular
fat in relation to subcutaneous fat thickness. Moreover,
the growth of different tissues in animals is allometric,
e.g. subcutaneous fat grows earlier compared to intramus-
cular fat, and, therefore, it is expected that both tissues

exhibit different fatty acids profile since they are indiffer-
ent physiological states as well.

The fatty acid profile of the meat is a trait that is difficult
and costly to measure, unlike the carcass and meat traits,
which are easier to obtain. It is, therefore, very important to
identify the indicator traits that are associated with the fatty
acid profile. The results obtained in this study indicate that the
percentage of intramuscular fat in the Longissimus thoracis
muscle can be used as the indicator trait of the fatty acid
profile of zebu meat. However, before fatty acid composition
can be included in breeding programmes, more information
on the relationship between the fatty acids composition and
other production traits, such as growth and reproduction char-
acteristics as well as economic indicators, need to be
determined.

In Brazil, carcass and meat traits, and especially meat
fatty acid profile, have not been used yet by the meat
industry as a criterion for determining the value of ani-
mals for slaughter. However, the international markets of
meat products have shown an increasing tendency to pro-
vide technical and scientific guarantees as a certification
of food safety, product quality and its benefits to human
health. Therefore, information is key to promote and im-
prove worldwide marketing of meat products. The few
studies available in the literature on the genetic associa-
tion between the fatty acid profile of the meat and carcass
and meat traits in cattle were performed with taurine
breeds under temperate conditions. These results are un-
precedented, as it is the first study of genetic association
between these traits with Bos indicus under tropical con-
ditions, and provides data that can be used to improve
beef quality and produce healthier food for the consumer.
This study used a large database of animals that partici-
pate in different genetic improvement programmes of beef
cattle, and breeders that are commercialised in various
regions of the country. Therefore, the information obtain-
ed should contribute to improving the selection and breed-
ing programmes of meat quality of zebu cattle raised in
tropical conditions.

Conclusion

The selection to improve meat tenderness in Nellore cattle
should not change the fatty acid composition in beef, so it is
possible to improve this attribute without affecting the nutri-
tional beef quality in zebu breeds. However, selection for in-
creased deposition of subcutaneous fat thickness and especial-
ly the percentage of intramuscular fat should lead to changes
in the fat composition, highlighting a genetic antagonism be-
tween meat nutritional value and acceptability by the
consumer.
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