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ABSTRACT:The intense selection process for economic traits conducted by the poultry breed-
ing programs has been caused several changes in broiler meat quality. A database belonging to
a selection program of a broiler male line was used to estimate heritability and genetic correla-
tions for feed conversion ratio and meat quality traits, which were: initial and final pH, lightness,
drip loss, thawing loss and shear force. Two-trait analyses were performed and the components
of colvariance) and genetic parameters were determined using the Bayesian approach and the
GIBBS3F90 software. The heritability estimate found for feed conversion ratio (0.52) showed
high influence of direct additive genetic effects on the expression of this trait; therefore, this trait
is able to respond to selection. The genetic correlation estimates obtained (-0.50 to 0.33) were
indicative of important associations between feed conversion ratio and meat quality traits. The
selection to improve feed conversion ratio may cause injury in greater or lesser degree for L*,
drip loss (DL), thawing loss (TL) and shear force (SF) in broilers. It is recommended the monitor-
ing of consequences of feed conversion ratio used as selection criteria or meat quality traits in
broilers, due to its unfavorable indirect selection for these variables in this population. Breeding
methods for efficiency improvements in broilers feed are suggested, which also benefit sensorial
and functional properties of the meat.
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Introduction

Brazil ranks second among the major broiler meat-
producing countries with approximately 13.14 million
tons in 2015, and ranks first as broiler meat exporter
worldwide with 4.3 million tons (ABPA, 2016). Several
changes in meat quality have been recently reported be-
cause of the intense selection process for performance
traits in broiler breeding programs (Gaya et al., 2011).
At the same time, meat quality traits are increasing their
relevance on the market and affect the quality of pro-
cessed products and consumers’ choice, becoming one
of the most important aspects to be considered by the
poultry industry (Le Bihan-Duval et al., 2008). The mea-
surements of pH, color, water retention ability and ten-
derness are important indicators of meat quality.

According to Aggrey et al. (2010), feed conversion
ratio is a trait highlighted in a selection program, once
feed expenses account for a great part of the costs in
the broiler industry, and it is economically important the
dissemination of genetic profiles to allow feed conver-
sion more efficiently. In this context, the understanding
of selection effects for feed conversion ratio on meat
quality traits in genotypes commercially used has a
great importance in broiler breeding program, since the
existence of indirect selection for these variables may
represent many losses for the industry.
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Genetic variability in feed conversion ratio and
meat quality traits has been investigated and heritability
for these traits in broilers can be found in the literature,
ranging from 0.13 to 0.45, and 0.04 to 0.48, respective-
ly (Gaya et al., 2006; Aggrey et al., 2010; Verdal et al.,
2011; Howie et al., 2011; Chabault et al., 2012; Felicio
et al., 2013). However, reports on the co-variation be-
tween feed conversion ratio and meat quality traits in
commercial poultry are unavailable; therefore, the as-
sociation between them is so far unknown and should
be investigated.

This study aimed to estimate, in a broiler male
line, the (cojvariance components through Bayesian in-
ference and genetic parameters (heritability and genetic
correlations) for feed conversion ratio and meat qual-
ity traits to identify the existence of indirect selection
for these traits, to define of selection strategies for these
variables.

Materials and Methods

Population and phenotypes

The selection process in an elite flock of a broiler
male line was performed with specific emphasis on per-
formance traits (e.g. body weight and FCR), but mainly
on the size of the breast muscle. This population went
through a pre selection process at 35 days of age and
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taken to the test of feed conversion ratio (FCR), corre-
sponding variable to amount of food consumed (in kg)
in relation to weight gain (in kg) between the 5" and 7%
week of age during 14 days. For this test, the broilers
were kept in individual boxes at the same farm. These
data were registered between Nov 2002 and Mar 2006,
from 33 hatches.

Additionally, information on siblings of these
chickens were used, which had their carcass and meat
quality traits evaluated, helping in the selection process
of the siblings, a program that is called sib test. The meat
quality data were collected from 13 elite flocks between
Apr 2005 and Mar 2006. The broilers were slaughtered
at 44 days of age and corresponded to 13 hatches from
the same farm in different periods. The final data set
consisted of 504 sires and 3,974 dams. The numerator
relationship matrix had 107,154 animals distributed in
6 generations.

Broilers were reared with a vaccine program and
nutritional management similar to those recommended
for broiler, in a strictly controlled environment, to en-
sure poultry health and performance. The sib test broil-
ers were submitted to the same rearing conditions of the
elite flock and were transported and slaughtered at 44
days of age.

The measurement of initial meat pH (pHi) was
performed in the muscle Pectoralis major in the portion
cranio-ventral and upper half, using a digital pHmeter
15 min after slaughtering. Afterward, carcasses were
submitted to cooling by immersion with water and ice,
under standard temperature at 10 °C and stored at 0 °C.
After 24 h, the final pH (pHf) was registered (Fernandez
et al., 2002). There was a concern about the standardiza-
tion of pHi registration in this study, since many car-
casses were subjected to a waiting period for the pHi
gauging because of the fast flow in the slaughtering line.
Once it could compromise the trustworthiness of the
pHi registration, not all available carcasses were evalu-
ated for pHi.

Lightness (L*), a parameter for meat color, was
measured at 24 h after slaughtering using a portable
colorimeter and CIELab scale from the CIELab system
(International Comission of I'Eclairage, 1976). The test
was performed at the Pectoralis major muscle in a ven-
tral surface, obtained three reading points per sample
and registering the average as the determined value.

In addition, a sample of the Pectoralis major mus-
cle was collected and weighed, and placed in an air-filled
plastic bag. The sample was submitted to cooling (0 °C)
and weighed again after 24 h. The difference in percent-
age between initial and final weight of this sample corre-
sponded to meat drip loss (DL) (Honikel, 1998). Another
sample of the same muscle was weighted, conditioned
in a plastic bag and stored in freezer at -18 °C. The sam-
ple was then cooled at 4 °C and weighed again. The dif-
ference in percentage between initial and final weight of
this sample corresponded to meat thawing loss (TL) (Ga-
lobart and Moran, 2004). This sample was then cooked

Sci. Agric. v.75, n.2, p.129-135, March/April 2018

Indirect selection of feed conversion ratio

in an electric oven and cooled at room temperature of
which four 2 x 2 x 1 cm parallelepipeds were taken,
which were sheared individually with a Warner Bratzler
blade and considered the average of the four values as
the shear force (SF), given in kgf.

Statistical analysis and estimation of genetic
parameters

The outliers were identified for each trait using
the box-plot graph from SAS software (Statistical Anal-
ysis System, version 9.2) and were removed from the
database. Through the same software, the descriptive
statistics of the analyzed traits were also obtained with
SAS using the MEANS procedure. The (co)variance com-
ponents were estimated by the Bayesian approach using
the GIBBS3F90 software.

The general model used was: Y = Xb + Za + e in
which Y is the vector of dependent variables; b is the
vector of systematic effects of contemporary group; a
is the vector of random additive genetic effects; X and
Z are the incidence matrices associating b and a to Y;
e is the vector of residual random effect. The statistic
adopted model had the following distributions: Y]b,a,e
~ N(Xb+Za, Ic?); b ~ N(0, X); alc’ ~ N(0, Ac?; e
o’ ~N(0, Io}) in which ¥ is a diagonal matrix with
high variances to represent non-informative a priori;
and o’ are the components of the direct additive ge-
netic variance and residual variance; A is the numerator
matrix of coefficient of relationship and I is the identity
matrix of equal order to the number of animals with
observations.

The evaluation of systematic effects and covariance
associated with the traits studied was performed using
the GLM (General Linear Models) procedure from SAS
software (Statistical Analysis System, version 9.2) and had
a level of statistical significance of 5 %. For the traits FCR
and DL, the contemporary groups were formed by the
effects of hatch, sex and age of the dam at birth. For L*,
TL and SF, the contemporary groups gathered the effects
of hatch and sex, whilst in the case of pHi and pHf, the
contemporary groups were formed only by the hatch ef-
fect. Data in which contemporary group had less than
five broilers were removed from the analysis. Covariables
that were significant for the traits were included in the
models: initial meat temperature for pHi; pHf for L* and
SF; final meat temperature for DL, and initial sample
weight for TL. Differences among contemporary groups
and covariates were expected for the traits studied, since
they were registered at different experimental stages,
which should affect their variability.

A total of 1,000,000 cycles after discarding the
100,000 initial samples used for burn-in were consid-
ered for genetic analyses in order to minimize the ef-
fects of initial samples. A total of 100 cycles sampling
interval was kept to ensure the independence of samples
and avoid alto-correlation. Further, 9,000 samples were
kept during analysis with POSTGIBBSF90 software. Es-
timates of genetic parameters (heritability and genetic
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correlations) were determined by samples of the (co)
variance components, followed by estimates of means,
standard deviation and highest posterior density inter-
vals at 95 % (HPD 95 %) of their marginal distribution
a posteriori.

The diagnosis of network convergence provided
by Gibbs Sampler was monitored visually (density, trait
and mean graphs) and tested by the Geweke and Raf-
tery & Lewis convergence criterion, using the Bayesian
Output Analysis (BOA) package from the R software (R
Development Core Team, 2015).

Results and Discussion

Descriptive statistics of the traits are presented in
Table 1. The mean of FCR (1.89 (0.24)) was similar to
that given by Aggrey et al. (2010) of 1.84 (0.33) at days
28-35 and 2.00 (0.42) at days 35-42 and that by Verdal et
al. (2011) of 1.72 (0.32) at days 17-23, in different experi-
mental meat-type chicken lines. This shows that when
broilers with a fast growth genotype are involved, low-
er FCR rates are expected. The coefficient of variation
found for FCR (12 %) was similar to that reported by
N'Dri et al. (2006), which was 13 % for a slow-growing
line of label-type chickens and lower than those report-
ed by Aggrey et al. (2010), Verdal et al. (2011) and Yuan
et al. (2015), from 17.93 to 21 %, 23 % and 28 %, respec-
tively. However, Howie et al. (2011) reported a CV (coef-
ficient of variation) of 7 %, when evaluating commercial
broiler lines at 35 days selected for high growth rate.

Table 1 - Number of observations (N), means (M), standard
deviation (SD), coefficient of variation (CV), and minimum (MIN) and
maximum (MAX) values of the traits analyzed.

Traits! N M SD CV (%) MIN MAX
FCR 10.745 1.89 0.24 12 1.24 2.50
pHi 937 6.12 0.18 3 5.64 6.62
pHf 2.104 5.80 0.13 2 5.44 6.19
L* 2.130 56.07 297 5 47.62  63.98
DL (%) 2.029 2.06 0.58 28 0.30 3.70
TL (%) 2.124 6.45 3.21 50 0.40 18.30
SF (kgf) 2.105 1.20 0.40 34 0.30 2.40

IFCR = feed conversion ratio; pHi = initial pH; pHf = final pH; L* = lightness;
DL = drip loss; TL = thawing loss; SF = shear force.

Indirect selection of feed conversion ratio

The CV for pHi, pHf and L* were low, with values
of 3 %, 2 % and 5 %, respectively, which were simi-
lar to those reported by Le Bihan-Duval et al. (2008),
Chabault et al. (2012) and Felicio et al. (2013), in com-
mercial lines of broilers. The coefficients of variation for
the other meat quality traits studied varied from 28 to
50 %. The CV for DL was 28 %, similar to that reported
by Felicio et al. (2013) (27.97) and lower than the values
reported by Le Bihan-Duval et al. (2008) and Chabault
et al. (2012), 63 % and 35 %, respectively. The CV for
TL and SF, 50 % and 34 %, respectively, were higher
than the CV from the other meat quality traits. Felicio et
al. (2013) found higher CV values for these traits (58 %
and 36 %, respectively), Le Bihan-Duval et al. (2008) and
Chabault et al. (2012) reported lower values, 33 % for TL
and for SF ranging from 21 % to 27 %. The coefficients
of variation obtained indicate the existence of different
levels of phenotypic variability for the traits analyzed
and, consequently, the possibility of genetic gains for all
the variables tested, in different intensities.

The magnitudes of the genetic and environmen-
tal (cojvariance components (Tables 2 and 3) defined the
heritability (Table 4) and genetic correlation (Table 5) es-
timates for FCR and the meat quality traits evaluated in
the broiler male line under study.

Heritability estimates

The heritability estimate found for FCR was high
(0.52), suggesting important direct additive genetic ef-
fect controlling the expression of this trait. Based on the
estimated heritability value, FCR remains an important
criterion in selection programs because feed costs rep-
resent the greatest expense for broiler production. This
estimate found for FCR was higher than estimates re-
ported by Aggrey et al. (2010) and N'Dri et al. (2006),
which were 0.41, 0.49 and 0.33, from a growing broiler
control population at days 28-35 and 35-42, and from a
commercial slow-growing meat-type line for the 8" to
10* week period, respectively. Howie et al. (2011) also
found heritability estimates ranging from moderate to
high magnitude for feed conversion ratio in four differ-
ent commercial broiler lines, from 14 to 35 days, with
values from 0.30 to 0.45, similar to those obtained by
Mignon-Grasteau et al. (2004) in commercial chickens
between days 13-20 and 20-23, which were 0.27 and

Table 2 - Estimates of variance components for feed conversion ratio and meat quality traits.

Traits! o2 (SD) HPD (95 %) a2 (SD) HPD (95 %)
FCR 183.78 (11.95) [160.10; 206.60] 164.80 (7.48) [150.00; 179.50]
pHi 45.93 (16.15) [20.06; 75.23] 198.91 (15.73) [168.60; 229.20]
pHf 51.03 (8.92) [33.76; 67.44] 75.56 (6.20) [63.11; 87.49]
L* 1.83(0.35) [1.16; 2.55] 4.71(0.28) [4.14; 5.26]
DL 412.10 (131.09) [185.80; 680.80] 2656.21 (129.74) [2385.0; 2890.0]
TL 23925.0 (4757.4) [14960.0; 33460.0] 60971.0 (3768.6) [53420; 68270]
SF 137.26 (29.86) [83.02; 198.00] 607.39 (28.66) [552.5; 664.5]

IFCR = feed conversion ratio; pHi = initial pH; pHf = final pH; L* = lightness; DL = drip loss; TL = thawing loss; SF = shear force; gf = genetic variance (SD =
standard deviation); crez = environmental variance (SD = standard deviation); HPD (95 %) = highest posterior density interval.
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Table 3 - Estimates of components of genetic covariance for feed
conversion ratio and meat quality traits.

Traits! FCR

S, (SD) HPD (95 %)
pHi -27.34 (33.14) [-86.22; 38.86]
pHf 32.77 (19.07) [-3.12; 68.36]
L* 5.67(3.72) [12.84; 2.14]
DL -163.11 (76.24) [-316.00; -18.23]
TL -537.43 (451.04) [-1.425.00; 341.60]
SF -87.96 (35.38) [-154.40; -18.20]

IFCR = feed conversion ratio; pHi = initial pH; pHf = final pH; L* = lightness;
DL = drip loss; TL = thawing loss; SF = shear force; o, , = genetic covariance
(SD) = standard deviation); HPD (95 %) = highest posterior density interval.

Table 4 - Estimates of a posteriori means, standard deviation (SD)
and highest density intervals at 95 % (HPD) of heritability (h?) for
feed conversion ratio and meat quality traits.

Traits! h?(SD) HPD (95 %)
FCR 0.52(0.02) [0.47; 0.57]
pHi 0.17(0.07) [0.04; 0.30]
pHf 0.37(0.05) [0.26; 0.48]
L* 0.27 (0.04) [0.19; 0.37]
DL 0.13(0.04) [0.06; 0.21]
L 0.28 (0.05) [0.18; 0.37]
SF 0.18(0.03) [0.11; 0.25]

'FCR = feed conversion ratio; pHi = initial pH; pHf = final pH; L* = lightness;
DL = drip loss; TL = thawing loss; SF = shear force.

Table 5 - Estimates of a posteriori means, standard deviation (SD)
and intervals of highest posterior density at 95 % (HPD) of genetic
correlations between feed conversion ratio and meat quality traits.

Traits! FCR (SD) HPD (95 %)
pHi -0.30(0.36) [0.94; 0.41]
pHf 0.33(0.18) [0.02; 0.64]
L* -0.30(0.17) [0.64; 0.03]
DL -0.49(0.19) [-0.85;-0.14]
TL -0.23(0.19) [0.60; 0.14]
SF -0.50 (0.17) [-0.85; -0.18]

'FCR = feed conversion ratio; pHi = initial pH; pHf = final pH; L* = lightness;
DL = drip loss; TL = thawing loss; SF = shear force.

0.32, respectively. However, these estimates diverged
from those described by Verdal et al. (2011) and Gaya et
al. (2006), who reported low magnitude (0.21 and 0.16,
respectively, in experimental broilers at days 17-23 and
in a commercial broiler male line from 5 to 7 weeks
of age). Since FCR presents a non-normal distribution,
presumably the Bayesian inference may allow better
heritability estimation than other methods that assume
normal distribution of the data. Except for the Bayesian
approach used by Aggrey et al. (2010), all other genetic
parameters reported in the literature for FCR were ob-
tained by restricted maximum likelihood method.

The heritability estimate obtained confirms FCR
ability as a selection criterion in this population. There-
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after, the genetic selection for this trait may be effective
for decreasing feed costs of these poultry. Consequently,
it is crucial to know the relationship between FCR and
other economical interesting variables, such as meat
quality traits. This information is important not only to
avoid unfavorable indirect selection, but also to favor
desirable selection response.

Heritability estimates for pHi and pHf were low to
moderate (0.17 and 0.37, respectively; Table 4). Differ-
ent values for heritability estimates for these traits are
reported (Le Bihan-Duval et al., 2008; Chabault et al.,
2012; Felicio et al., 2013), ranging from low to moderate
(0.04 to 0.48). The heritability estimate for L* (0.27) was
slightly different from that described by Le Bihan-Duval
et al. (2008) and Felicio et al. (2013), which reported val-
ues of 0.35 and 0.33, respectively, for this trait in heavy
commercial broiler lines at 42 and at 44 days of age. The
heritability estimate found for DL (0.13) was low and
similar to that reported by Felicio et al. (2013), of 0.15,
and lower than that described by Le Bihan-Duval et al.
(2008), of 0.26. For TL and SF, the heritability estimates
found were moderate to low (0.28 and 0.18, respective-
ly) and similar to those described by Felicio et al. (2013),
which were 0.24 and 0.19, respectively.

The differences found between our results and
those from the literature could be explained by differ-
ences in the population studied and due to different
models and methods used to obtain the (co)variance
component estimates.

The lowest heritability estimates in this study were
found for pHi and SF. Therefore, these variables seem to
be mostly influenced by non-additive genetic and envi-
ronmental effects, suggesting differences in biochemical
and physiological mechanisms that affect the expression
of these traits. Thus, different genetic associations be-
tween meat quality traits and FCR are expected.

Genetic correlation estimates

Estimates of genetic correlations between FCR and
pHi and between FCR and pHf were moderate (-0.30
and 0.33, respectively) and indicated that selection for
improving FCR may affect both traits. Therefore, broil-
ers with low FCR may have a higher pHi and, at the
same time, they may have a lower pHf. The post-mor-
tem metabolism of the muscle tissue greatly influences
meat traits and, mainly the rate and amplitude of acidifi-
cation, strongly affects the organoleptic and technologi-
cal parameters of meat quality. Interruption of oxygen
supply after bleeding modifies muscle metabolism at the
beginning of rigor mortis and the muscle depends on the
anaerobic glycolytic pathway to use glycogen in ATP pro-
duction, producing and accumulating lactic acid. Con-
sequently, the decreasing rate of pH after slaughtering
depends on the activity of glycolytic enzymes (glycolysis
rate), whilst the final pH is determined by the initial gly-
cogen reserves of the muscle (Duclos et al., 2007; Barbut
et al., 2008). Further, a low genetic relationship was re-
ported between pH measured immediately after slaugh-
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tering and final pH in the acidification process of post-
mortem muscle fibers (Le-Bihan Duval et al., 2008). The
two traits are then susceptible to independent mecha-
nisms of expression, suggesting a distinct genetic control
of the expression of these parameters, which may have
resulted in differences on their correlation with FCR in
the current analysis. In other words, the mechanisms
involved in the covariation between these two traits are
distinct. However, the standard deviation obtained for
the genetic correlation between FCR and pHi exceeded
the magnitude of its own estimate and limited itself to
the conclusion taken on this value. There was a lower
number of observations for pHi than for the other traits
evaluated in this study, which may have contributed to
the high standard deviation for this estimate.

The mechanism involving changes within pro-
portions and the speed of the deposition of muscle tis-
sue in selected broilers culminates in the variation of
amounts of muscle tissues and enhances structural and
metabolic changes with direct impact on sensorial and
functional aspects of the meat (Dransfield and Sosnicki,
1999; Felicio et al., 2013). Several studies showed that
selection for higher weight or muscle mass gain caused
histological and biochemical changes in the muscle tis-
sue. Increases in the development of breast muscle in
broilers are associated to a significant increase in the
size of the muscle fiber (Duclos et al., 2007; Felicio et
al., 2013). Glycogen reserves at slaughter (glycolytic po-
tential) and post-mortem glycolytic activities decrease as
fiber size increases. Consequently, breast muscles with
large fibers have higher pHi and pHf rates in selected
lines when compared to non-selected genotypes (Berri
et al., 2001; Duclos et al., 2007).

A pHi increase in broilers may be caused by the
selection for improving FCR since lower rates of feed
conversion determined lower fat rates (Gaya et al., 2006;
N'Dri et al., 2006). Therefore, this selection process
could determine a greater percentage of muscle tissue
in the carcass, which could change the glycolytic rate of
the muscle fiber in broilers. Although there is a decrease
in glycolytic activity during the 24 h after slaughter, the
muscle will undergo a process of acidification during the
period with subsequent decrease in pH in 24 h, which
may also be affected by selection to improve FCR, de-
spite the negative correlation of the glycolytic capacity
with the final pH (Le-Bihan Duval et al., 2008; Alnahhas
et al., 2014). Other genetic/biochemical factors may also
be affecting the correlation between FCR and pH vari-
ables, which should be further investigated and identi-
fied in the population.

The meat of broiler lines selected for increased
muscle mass growth have shown a low rate of meat-col-
or, which is related to a decrease of the glycogen stock
level in muscle fibers (Duclos et al., 2007). Low pH con-
ditions after slaughter when carcass temperature is still
high may cause denaturation and loss of solubility in
muscle proteins and, consequently, decrease in the meat
water retention ability with the release of liquid on the
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surface. Less light may be transmitted through the mus-
cle fibers due to a lower selective absorbance of light
by myoglobins and their derivatives. Dispersed light
gives a pale color to the meat (Swatland, 2008; Alnahhas
et al., 2014). The genetic correlation estimate between
FCR and L* obtained in this study was moderate (-0.30).
Therefore, selection for improving FCR increases L* and
affects the aspects of broiler meat in this specific line
because of an increase in L* indicates paleness (Gaya
et al., 2011). It is indeed one of the relevant factors that
may make the consumer reject the meat.

Since light dispersion from muscle surface is di-
rectly proportional to the amount of protein denatur-
ation (Adzitey and Nurul, 2011), results of the genetic
correlation between FCR and L* may be corroborated
by the fact that the selection for increasing FCR may
decrease pH in 24 h after slaughter. Further, low rates
in post-mortem muscular pH impair the water retention
ability of the meat by providing poor processing proper-
ties with a reduction in product yields and, consequent-
ly, economical losses (Duclos et al., 2007).

The traits DL and TL were genetically and antago-
nistically associated with FCR and estimates of these
genetic correlations varied in magnitude. Selection to
increase FCR may increase drip and TL, as shown by
their genetic correlations of -0.49 and -0.23, respectively.
Therefore, a lower FCR determines higher water losses
by drip and a lower degree in water loss by thawing.

The water retention ability is one of the most im-
portant functional traits in meat since it affects its as-
pect and taste. It also affects directly the quality of the
processed products and, in turn, greatly influences meat
tenderness (Duclos et al., 2007). The pH decrease during
the post-mortem period changes cell composition and
reduces water retention ability in the muscle proteins
due to denaturation. This type of meat is not well ac-
cepted by the meat industry because of deficient yield,
reduced juiciness and low shelf life of the product when
processed (Duclos et al., 2007; Petracci et al., 2015). Al-
though costs in production systems with animals with
low FCR should be decreased, selection for this specific
trait seems to increase DL and TL, which is a negative
factor since it may compromise the functional meat
properties in the broiler line studied.

Genetic correlation between FCR and SF was high
(-0.50) and indicated a strong and antagonistic genetic
association between the variables. In fact, selection to
increase FCR may increase meat shear force in the broil-
er line studied or, in other words, tenderness is reduced.
The meat tenderness, measured by shear force results
from water losses and is closely related to the amount
of intramuscular water and, therefore, to the meat water
retention ability (Joo et al., 2013). The greater the water
content in the muscle, the higher the meat tenderness,
corroborating current results.

Predominant fast-twitch fibers in the muscle tis-
sue, mainly in the breast, obtained contraction energy
through the glycolytic pathway. The metabolism con-
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tributes to a fast decrease in pH in stress conditions
with high-energy demand. Consequently, lactic acid is
produced and cannot be removed in the post-mortem
period. In the case of an increase in fiber size, it may
negatively affect meat quality (Scheuermann et al.,
2004; Adzitey and Nurul, 2011). Therefore, when CR
is increased, the occurrence of a greater diameter in
muscle fibers may be indirectly induced with changes in
meat quality, as reported in the current analysis.

The genetic correlation estimates previously
shown among FCR and DL and TL, L* and SF suggest
that selection to improve FCR may cause important loss-
es to the broiler line studied. FCR is a highly interest-
ing trait for broiler production and is frequently used
as a selection criterion in breeding programs. Due to
changes in consumption and increased demand for pro-
cessed meat products, the importance of meat sensorial
and technological qualities and the processing capac-
ity in the poultry industry have significantly increased
(Petracci et al., 2015). Consequently, broiler-breeding
programs should pay great attention to these conditions.
Further, studies may elucidate the mechanisms and the
genes related to those variables in order to reduced ef-
fects on industry when there is a selection for improving
FCR by adapting selection criteria and final products to
consumers' demands.

The analysis of alternative breeding strategies is
highly recommended, comprising the simulation of ge-
netic gains for the evaluated traits and incorporation of
favorable criteria to meat quality in the selection indexes
of the population. The use of genomic information may
also make the selection process in this broiler line more
efficient since the genetic correlations between FCR and
meat quality traits were not high. More accurate esti-
mates of these parameters by the use of genomic infor-
mation (Meuwissen et al., 2001) could allow identifica-
tion of broilers with better FCR and meat quality traits.

Additionally, in broiler chickens, it is known that
feed efficiency is usually expressed as the amount of
feed intake per body weight gain referred to as FCR.
However, a large proportion of the variation in feed in-
take is due to variability in maintenance requirement, a
major contributing factor to feed intake. However, this
factor is not accounted in FCR. The residual feed intake
(RFI) accounts for both maintenance requirements and
growth (Aggrey et al., 2010). High heritability estimate
for RFI was reported by Verdal et al. (2011) in broilers
between 17 and 23 days (0.46), similar to those report-
ed by Aggrey et al. (2010) in meat-type chickens from
two age periods: 28 to 35 days (0.45) and 35 to 42 days
(0.42). Thus, direct selection to modify this trait may
be efficient for use as selection criteria to improve feed
efficiency because of its phenotypic independence of
maintenance body weight and body weight gain. Studies
on genetic parameters for this variable and others can
investigate whether genetic properties of RFI, associated
with meat quality, could complement the estimates used
to improve feed efficiency in the broiler line studied.
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Conclusion

The selection to improve FCR in the studied pop-
ulation may lead to genetic gains for this trait. How-
ever, losses for L*, water retention ability and tender-
ness may occur due to an indirect selection when FCR
is used as a selection criterion. Since these traits are
associated with sensorial and functional properties of
broiler meat, this selection process to increase FCR
may compromise meat processing and acceptance of
broiler meat in the market.

The use of FCR as a selection criterion in this pop-
ulation must be monitored and breeding strategies that
are aimed at not only broilers growth and performance,
but also at qualitative aspects of meat are recommended.
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