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ABSTRACT : Steers and heifers (N=490) were produced between 1991 and 1996 by reciprocal fiillsib backcross and F】crosses from 
Angus and Brahman to compare characteristics of carcass and palatability traits between Bos indicus and Bos taunts inheritance. 
Carcasses of ^4Angus were heavier, fatter (p<0.05), more tender and higher in other palatability attributes (p<0.01) than those of 
%Brahman. Reciprocal effects of parental cross breeds were found on some traits. Within %Brahman inheritance group, Brahman sired 
progeny produced heavier and fatter carcasses with better palatability (p<0.05) than progeny with Brahman as a dam breed. Estimates of 
heritability were intennediate to high in most carcass and palatability traits. Genetic correlations of tenderness with marbling score 
(MARB), sarcomere length (SARC), fragmentation index (FRAG) and calpastatin activity (CALP) were moderate to high, suggesting 
potential use of the tenderness-influencing factors as indirect selection criteria to improve palatability attributes. MARB and SARC that 
were best predictors of tenderness explained 3.07 to 5.85% and 4.32 to 8.24% of variation in tenderness, respectively. However, there 
was no tenderness-influencing factor to dominantly explain large portion of variation in tenderness. (Asian-Aust J. Anint ScL 2001.
Vol 14, No. 11:1621-1627)
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INTRODUCTION

Crossbreeding between Bos taurus and Bos indicus 
cattle has been widely practiced in subtropical regions due 
to merits of heterosis and breed complementarity for 
reproduction, growth and carcass traits. The advantages on 
production efficiency of crossbreeding programs using Bos 
indicus breeds, i.e., Brahman, in semitropical and tropical 
regions have been well demonstrated (Cole et al., 1963; 
Crokett et al., 1979). However, beef carcasses with high 
percentage of Bos indicus inheritance were less fat, heavy 
and tender, and more variable in tenderness (Crouse et al., 
1989; Shackelford et 기., 1991a).

In the last decade rapid developments in molecular 
technology enabled to find genes or economic trait loci with 
non-Mendelian inheritance or genomic imprinting effects 
influencing growth and carcass traits in livestock (Cockett 
et al., 1996; de Koning et al., 2000; Imumorin, 2000). 
Reciprocal effects on birth or preweaning traits when using 
Brahman or Bos indicus breeds as sires were also 
demonstrated (Baker et al., 1989; Thallman et al., 1992).

Beef carcass merit influences consumer acceptability 
and among palatability traits, tenderness is the main factor 

of consumer satisfaction on meat. However, consistency in 
meat tenderness and earlier classification of meat according 
to its quality (thus degree of tenderness) with high precision 
are the primary concern in U.S. beef industry (Koohmaraie 
et al., 1995).

The objectives of this study were 1) to compare effects 
on beef carcass characteristics and meat palatability due to 
differences of Bos indicus (Brahman) and Bos taurus 
(Angus) inheritances and inheritance patterns in paternal 
lines, 2) to estimate variance components of heritability, 
genetic and phenotypic correlations among those traits, and 
3) to determine prediction of tenderness.

MATERIALS AND METHODS

Resource family structure and phenotypes
Steers and heifers (N=490) were produced between 

1991 and 1996 by reciprocal fullsib backcross and F】 

crosses from Angus (A) and Brahman (B) by embryo 
transfer, which were randomly assigned to and reared by 
Brahman x Hereford crossbred recipient dams. Five cross 
types of parental breeds were classified as (AB, BA) x A, A 
x (AB, BA), (AB, BA) x B, B x (AB, BA) and (BA) x 
(AB). The numbers of families for the five crosses were 6, 8, 
7, 7 and 2, respectively, with average 15 progeny per family. 
The progeny were raised at similar conditions from birth at 
the Texas A&M Agricultural Experiment Station at 
Angleton, weaned at approximately seven months of age, 
backgrounded on pasture for an average of 215 days and fed 
for 150 days on a com-based finishing diet. Cattle then 
were shipped to the Rosenthal Meat Science and 
Technology Center in College Station, weighed, slaughtered 
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and chilled 24 h at 2°C.
Quality grade (QG) and Yield grade (YG) factors were 

measured at the 12-13th rib and included marbling score 
(MARB), actual and adjusted fat thickness (ACF, ADF), 
ribeye area (REA), kidney, pelvic and heart fat (KPH), 
slaughter weight (SWT), hot carcass weight (HCWT), and 
dressing percentage (DP). Wamer-Bratzler shear force 
(WBSF) at 14 days postmortem was completed (AMSA, 
1994). A trained meat descriptive attribute sensory panel 
evaluated overall tenderness (OTEND), juiciness (JUIC), 
and flavor intensity (FLAV) on two steaks for each animal 
(AMSA, 1994). Sarcomere length (SARC) at 24 h 
postmortem was evaluated as defined by Cross et al. (1981). 
Calpastatin activity (CALP) at 24 h postmortem was 
evaluated as defined by Harris (1994), and fragmentation 
index (FRAG) was measured.

Statistical analyses
Data were analysed by general linear model (GLM) 

procedures (SAS, 1985), and the mixed model was
Y = Xp + Zu + e,
where Y is a vector of observations with length N, p is 

an unknown vector containing appropriate fixed effects 
(year-season of birth, sex, cross of sire and dam breeds) and 
covariates (weaning age and days on feed), u is a vector of 
random effects (family nested within cross of sire and dam 
breed), X and Z is known incidence matrices relating 
observations in Y to parameters in P and u, respectively, 
and e is a random vector of residuals. The random effect of 
families within cross of parental breeds was fitted to test 
cross effects of sire and dam breeds. Reciprocal effects 
were evaluated within progeny groups of %Angus or 
%Brahman breeds by linear contrasts, in which families 
within each cross were also fitted as a random effect.

Variance components for heritability, genetic and 
phenotypic correlations were estimated by use of an Animal 
Model using the MTDFREML program of Boldman et al. 
(1993). The same fixed effects and covariates were included 
as in the GLM model. Variance components were estimated 
for each combination of four traits (MARB, OTEND, 
WBSF and each other trait). When converged values of the 
variance components were the same as starting values with 
norm difference smaller than l.D-9, global maximum was 
considered to be reached.

To determine best predictors of tenderness traits, 
forward regression analyses were performed using WBSF 
and OTEND as dependent variables and MARB, SARC, 
FRAG, ADF and CALP as independent variables across 
breed, within %Angus or %Brhaman breed. In these 
analyses year-season effect of birth or other fixed and 
random effects as in the GLM model were accounted for 
before regression analyses were performed. In each forward 
regression step, the best independent variable with at least 

statistical significance of p<0.1 was included in the model.

RESULTS AND DISCUSSION

Effects of parental breed cross types
The analyses of variance under the GLM model 

indicated that year-season of birth and families within cross 
type of sire and dam breeds were significant sources of 
variation for all traits (p<0.01) except MARB, JUIC and 
FLAV. Effects of parental breed cross type were also 
significant (p<0.1) fbr all traits except DP (data are not 
shown).

Table 1 shows least squares means of parental breed 
cross type, statistical significance on the differences 
between % Angus and %Brahman progeny, and reciprocal 
effects within %Angus and %Brahman progeny. Most 
carcass and palatability traits differed between % Angus and 
%Brahman progeny. Angus crosses (%) were heavier (fbr 
SWT and HCWT, p<0.05), fatter (for ACF, ADF and KPH, 
p<0.05), had hitler leanness (fbr REA, pO.Ol), lower 
WBSF values (p<0.01) and higher MARB, OTEND, FLAV 
and JUIC values (p<0.01). This indicates that % Angus 
inheritance produces higher palatability characteristics than 
%Brahman. These results were consistent with other reports, 
in which more than half or increasing the percentage of Bos 
indicus inheritance decreases carcass weight, fat thickness, 
marbling, tenderness and other palatability traits (Crouse et 
aL, 1989; Whipple et al., 1990; Johnson et al., 1990; 
Shackelford et al., 1991a; Sherbeck et al., 1995)

Also SARC and CALP, main factors of postmortem 
tenderization (Koohmaraie, 1996), were longer and lower, 
respectively (p<0.01) in carcasses of % Angus progeny 
(table 1), which supports higher attributes to tenderness in 
% Angus carcasses. However, there were no significant 
differences of DP, YG and FRAG between carcasses of the 
two different inheritance groups (p>0.05). FRAG, a 
measure of degree of muscle fiber integrity, has been 
assumed to be related to postmortem tissue degradation, and 
reported to be associated with tenderness (Crouse et al., 
1989; Whipple et al., 1990; Johnson et al., 1990; 
Shackelford et al., 1991b). Thus it was unexpected not to 
observe difference in FRAG between the two groups that 
had dissimilar tenderness characteristics in this study. One 
thing to note is, however, that reciprocal effect on FRAG 
within %Angus carcasses was found such that FRAG values 
of Fi x A and A x F】carcasses were averaged out, so as not 
to differ from the FRAG values estimated in %Brahman 
carcasses (table 1).

Estimated values of carcass and palatability traits of 
(Fp<Fi) progeny were generally in the middle range 
between those of % Angus and %Brahman carcass groups 
(table 1). Those values were not significantly different from 
either values of % Angus or KBrahman group (data are not
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Table 1. Least squares means of cross types of parental breeds and linear contrasts among the crosses for beef carcass and 
palatability traits
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a SWT, slaughter weight (kg), HCWT, hot carcass weight (kg), MARB, marbling scores (400 = Slight ; 500 = Small ), QG, USDA 
quality grade, FRAG, fragmentation index, DP, dressing percentage (%), REA, ribeye area (cm2), ACF, actual fat thickness at the 12- 
13th rib (cm), ADF, adjusted fat thickness at the 12-13th rib (cm), KPH, kidney, pelvic and heart fat (%), YG, USDA yield grade, 
OTEND, overall tenderness by sensory panel (8 = extremely tender; 1 = extremely tough), WBSF, Wamer-Bratzler shear force at 14 
days postmortem (kg), JUIC, juiciness (8 = extremely juicy, 1 = extremely dry), FLA\4 flavor intensity (8 = extremely intense, 1 = 
extremely bland), SARC, sarcomere length (gm) at 24 hr postmortem, CALP, calpastatin activity per gram of muscle at 24 h 
postmortem.

b The first letter indicates sire breed and the latter dam breed.
cFb Angus x Brahman or Brahman x Angus.d A, Angus. eB, Brahman. fns, nonsignificant, *, p<0.05, **, p<0.01.
g 1, test Ho: % Angus = ^Brahman. h2, test Ho: (F]XA)=(AxF]). l3, test Ho: (Fi〉〈B)=(BxFi)丿 CV coefficient of variation x 100.

shown).
Reciprocal effects were found on some traits within 

% Angus or KBrahman inheritance. Compared to % Angus 
group, the reciprocal effects were observed in much more 
traits (HCWT, ACF, ADF, YG, OTEND, FLAV and CALP, 
p<0.05) within %Brahman group. Furthermore, those 
estimated values indicate that Brahman sired progeny 
produced heavier and fatter carcasses with better 
palatability than progeny with Brahman as dam breed. 
These results were consistent with the differences between 
carcasses of %Angus and %Brahman. Results of reciprocal 
effects for other traits without statistical significance within 
the %Brahman group were also generally consistent with 
the differences between carcasses of %Angus and 
%Brahman.

It is well demonstrated that maternal heterosis and 
maternal direct effect did not strongly influence 
postweaning or carcass traits (Gregory et al., 1987; 
Comerford et al., 1988; Arthur et al., 1989; De Rouen et al., 
1992). Most current genetic evaluations in livestock are 
based on the Mendelian genetic model that assumes equal 
contribution of each parent to their progeny inheritance. 

However, some nori-Mendelian effects on birth and 
preweaning traits were found in crosses of Bos indicus x 
Bos taurus cattle, in which Bos indicus sired progeny were 
heavier at birth, weaning and yearling ages than progeny 
with Bos indicus dams (Baker et al., 1989; Thallman et aL, 
1992). Thallman et al. (1992) explained possible genetic 
mechanisms on the reciprocal effects, i.e., mitochondrial 
inheritance, genomic imprinting, X-linked inheritance with 
non-random X-chromosome inactivation, Y-linked 
inheritance, maternal transmission of non-genetic ova 
cytoplasmic components and maternal effect of ovary, 
oviduct and uterus of donor cow on embryo prior to transfer 
of the embryo on day 7.

In recent years, genes or quantitative trait loci (QTL) 
with non-Mendelian mode of gene action were found in 
livestock. Among them were included callipyge locus on 
ovine muscular hypertrophy with polar overdominance 
effects (Cockett et al., 1996), IGF2 locus on porcine 
muscularity with paternal imprinting effects (Jeon et al., 
1999; Nezer et al., 1999) and QTL on porcine body 
composition and bovine birth and growth traits with 
paternal or maternal imprinting effects (de Koning et al., 
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2000; Imumorin, 2000). Systematic searches and 
identification of QTL with Mendelian or non-Mendelian 
effects will unravel the genetic mechanisms in those 
complex traits that are polygenic and interacted with 
environmental factors. Thus, identification of the QTL or 
genes and utilisation in marker assisted selection will allow 
the design of more efficient breeding schemes (Kim and 
Park, 2001).

Heritabilities, genetic and phenotypic correlations
Estimates of heritability (h2) for most carcass and 

palatability traits were intermediate to high, except for JUIC 
and FLAV (h2=:0.03 in table 2). These results were 
consistent with other reports in which heritabilities of 
fatness traits, WBSF, MARB, REA, CALP were generally 
estimated intermediate to high (Koch et al., 1982; Arnold et 
al., 1991; Gregory et al., 1994; Shackelford et al., 1994; 
Wulf et aL, 1996). The low estimates of h2 fbr JUIC and 
FLAV, measures of palatability attributes, were also 
consistent with the reports of Wulf et al, (1996), and 
Gregory et al. (1995) where the heritabilities estimated in 
purebreds were 0.06 and 0.08, respectively.

Magnitudes of genetic correlations (rg) of tenderness 
traits (OTEND and WBSF) and MARB with other carcass 
and palatability traits were generally intermediate to high 
(table 2). Some genetic correlations among tenderness, 
other palatability traits and tenderness influencing factors 
were estimated high; -0.93 between OTEND and WBSF, 
1.00 fbr FLAV with OTEND and MARB, -0.59 between 
FRAG and OTEND, and -0.95, 0.68 and -0.67 for CALP 
with OTEND, WBSF and MARB, respectively. Results 
from other reports were similar to the estimates in this 
study; rg=-0.98 and -1.00 between OTEND and WBSF 
(Gregory et al., 1994; Gregory et al., 1995, respectively), 
0.81 and 0.63 between FLAV and OTEND (Gregory et al., 
1994; Gregory et al., 1995, respectively), -1.14 between 
CALP and OTEND (Wulf et al., 1996), 0.50 and 1.08 
between CALP and WBSF (Shackelford et al., 1994; Wulf 
et al., 1996, respectively), and -0.75 between CALP and 
MARB (Wulf et al., 1996). However, Miller et al. (1996) 
reported small estimate of genetic correlation between 
CALP and WBSF (rg=0.16) in a half-blood Bos indicus- 
influenced population.

Moderate or high genetic associations of MARB, FRAG, 
CALP and SARC with tenderness traits indicate that these 
tenderness-influencing factors are good candidates as 
indirect selection criteria to improve palatability attributes. 
However, the candidate factors should be chosen such that 
antagonism with other growth or carcass traits of economic 
value does not exist or is minimal if it exists.

Most estimates of phenotypic correlations (rp) among 
carcass and tenderness traits were lower than those of 
genetic correlations (table 2). These results were consistent 
with other reports (Koch et al., 1982; Gregory et al., 1994;

Table 2. Within breed heritability, genetic and phenotypic 
correlation estimates among beef carcass and palatability 
traits
Trait 구3 OTEND5~WBSF5 MARBb

SWT 0.64
0.69

0.31
0.12

HCWT 0.54 0.42
0.57 0.16

DP 0.39 -0.10
0.41 0.08

ACF 0.25 0.36
0.31 0.16

ADF 0.34 0.09
0.34 0.14

KPH 0.30 0.38
0.37 0.18

REA 0.49 0.55
0.51 0.16

YG 0.23 0.04
0.23 0,12

QG 0.63 0.42
0.94 0.26

OTEND 0.49 -
0.47 -

WBSF 0.17 -0.93
0.18 -0.58

JUIC 0.03 0.43
0.01 0.40

FLAV 0.03 1.00
0.02 0.35

MARB 0.78 0.42
0.79 0.23

SARC 0.25 0.42
0.26 0.32

FRAG 0.42 -0.59
0.42 -0.19

CALP 0.42 -0.95
0.42 -0.30
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Upper and lower values of heritabilities were estimated by single 
and multiple trait analyses, respectively.

b Upper and lower values are genetic and phenotypic conelation 
estimates, respectively.

Gregory et al., 1995; Miller et aL, 1996; Wulf et al., 1996). 
Estimates of phenotypic correlations of WBSF with MARB, 
SARC, FRAG and CALP were -0.15, -0.16, 0.13 and 0.10, 
while those of OTEND with the four traits were 0.23, 0.32, 
-0.19 and -0.30, which is consistently higher than the 
estimates for WBSF. This indicates that the four tenderness
influencing factors explain better phenotypic variance in 
OTEND than in WBSF. However, small magnitudes of 
these phenotypic correlations suggest that the four 
tenderness-influencing factors are poor predictors of beef 
tenderness in this cross population of Angus and Brahman.
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Table 3. Regression coefficients of tenderness-influencing factors on tenderness measures across breed, within % Angus 
and % Brahman after accounting for year-season effect of birth

OTENDb WBSFC
Predictors3 P valued Partial R2 Model R2 Predictors P valued Partial R2 Model R2

Across breed SARC 2.240** 0.0824 0.50 MARB -0.003** 0.0432 0.24
MARB 0.002** 0.0352 FRAG 0.012** 0.0325
FRAG -0.010** 0.0365 SARC -1.270** 0.0161
CALP -0.220** 0.0146 ADF -0.200* 0.0060
ADF 0.15。 0.0045

£ 0.1732 £ 0.0918
% Angus MARB 0.001** 0.0307 0.44 MARB -0.002** 0.0585 0.30

SARC 0.980* 0.0225 CALP 0.24印 0.0151
FRAG -0.007* 0.0157 SARC -1.14印 0.0149
ADF 0.21。 0.0122

£ 0.0811 £ 0.0885
% Brahman SARC 2.910** 0.0697 0.60 SARC -2.610** 0.0432 0.34

CALP -0.390** 0.0357 FRAG 0.018* 0.0242
ADF -0.520** 0.0340

£ 0.1054 £ 0.1014
aThe predictors were included in tenderness equation models in that order by forward regression analyses. MARB, marbling scores,

FRAG, fragmentation index, SARC, sarcomere length (gm) at 24 h postmortem, CALP, calpastatin activity per gram of muscle at 24 h 
postmortem, ADF, adjusted fat thickness at the 12-13th rib (cm).

b OTEND, overall tenderness by sensory panel.c WBSF, Wamer-Bratzler shear force at 14 days postmortem (kg).
dtp<0.1,*p<0.05, ** p<0.01.

Prediction of tenderness
The best 1- to 5-variables for prediction of WBSF and 

OTEND after accounting fbr year-season effect of birth are 
shown in table 3. MARB accounted fbr the highest amount 
of variation in WBSF across breed, within % Angus breed, 
and in OTEND within % Angus breed. Partial R2 fbr MARB 
ranged between 3.07% and 5.85%. SARC accounted fbr the 
highest amount of variation in WBSF within %Brahman 
breed, and in OTEND across breed and within %Brahman 
breed. Partial R2 fbr SARC ranged between 4.32% and 
8.24%. FRAG was the second variable to enter the WBSF 
equations across breed and within %Brahman breed, and 
CALP was the second variable to enter the WBSF and 
OTEND equations within % Angus and %Brahman breeds, 
respectively.

Associations of the five predictors with tenderness have 
been well demonstrated in Hawkins et al. (1987) fbr FRAG, 
Whipple et al. (1990) for CALP, Dikeman (1996) for ADF 
and MARB, and Koohmaraie (1996) fbr SARC. In some 
reports, significant amout of variation in tenderness was due 
to the predictors; 44% of variation in WBSF and OTEND 
by CALP (Whipple et al., 1990) and 26.4% of variation in 
WBSF by FRAG (Hawkins et al., 1987). The amout of 
variation (5% to 10%) due to MARB in Dikeman (1996) 
and Jones and Tatum (1994) was comparable to the results 
in this study. However, the tenderness-influencing factors 
included in the tenderness equations were not good 
predictors, because total variations of tenderness explained 
by the predictors were around or less than 10% except fbr 
that (17.32%) of OTEND across breed (table 3). The 

amounts of variation were even smaller (<5%) when effects 
of cross type, family nested within parental breed cross type, 
sex, weaning age and days on feed were additionally 
accounted fbr (data are not shown). Small contribution of 
those predictors to explaining tenderness was expected 
partly due to low phenotypic correlations (table 2).

As there was no factor among the predictors to 
dominantly explain a large portion of variation in meat 
tenderness, and as there is still large portion of variation 
unexplained by factors fitted in the GLM model (model R2 
=0.56, 0.31 for OTEND and WBSF, respectively in table 1), 
other sources in broad categories of genetics and 
environments should be considered to determine best 
combination of predictors of meat tenderness. Among them 
are included factors relating to breed, feeding, slaughter and 
postmortem processing conditions.
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