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ABSRACT: The objective of the study was to estimate 
additive and heterosis effects on sensory traits, using data 
(N=375) from Afrikaner (A), Brahman (B), Charolais (C), 
Hereford (H) and Simmentaler (S) as purebreds and as 
topcrosses on A as a dam line producing F1 progeny. The 
same sire breeds were was also used on BA, CA, HA, and 
SA F1 females producing backcross and 3-breed cross 
progeny. Five sensory traits (tenderness, juiciness, aroma 
and flavor and residual connective tissue) as assessed by a 
sensory panel using a five point measuring scale and two 
physical meat traits viz. shear force (N/2.5cm2) and cooking 
loss (%) were recorded. The results indicated that the 
heterosis effects in crossbreeding A with the B, C and S may 
compromise meat tenderness and is not likely to improve 
other sensory attributes.    
Keywords:  Direct effects, Heterosis, maternal effects, meat 
tenderness, sensory attributes 
 

Introduction 
 

Breed-specific direct and maternal additive and 
heterosis effects on reproduction, growth, and carcass traits 
in beef cattle have been characterized in many studies. 
However, similar studies on sensory beef traits (e.g., 
Gregory et al. (1994)) are rare. In their demand for beef, 
consumer satisfaction on sensory beef attributes may 
increasingly become important as some producers and 
retailers link themselves to value chains and niche markets 
for branded/quality end products. The objective of this study 
was to partition the breed group means for physical and 
sensory attributes of the meat traits that were first reported 
by De Bruyn (1991) into breed-specific effects. Similar 
analyses for fitness, growth, carcass traits have been 
reported previously (Theunissen et al. (2013); Theunissen et 
al. (2014a,b)). 

 
Materials and Methods 

 
Crossbreeding experiments were carried out at the 

Vaalharts research station that is located in the centre of 
South Africa at 27°51’ South and 24°50’ East. De Bruyn 
(1991) evaluated five breeds: Afrikaner (A), Brahman (B), 
Charolais (C), Hereford (H) and Simmentaler (S) as 
purebreds and as topcrosses on A as a dam line producing F1 
progeny. The same sire breeds were used on the BA, CA, 
HA, and SA F1 females producing backcross and 3-breed 
cross progeny. The steers (N=375) were weaned at 
approximately 7 months of age and/or 220 kg. Thus, in total  
 
there were 29 breed groups represented by an average of 15 
steers per breed groups (minimum of 7; maximum of 19).  

 Finishing of the steers was under intensive 
conditions with an adaptation period of 28 days and at least 
84 days of intensive feeding. Each calf was kept in a pen 
with its own individual food and water supply. Prior to the 
feeding period, a broad spectrum anthelmintic was 
administered to all steers. No anabolic growth promoters 
were administered to these animals. The finishing ration 
contained 10.27 MJ ME/kg and 11.86% crude protein. At an 
average live weight of 440 kg the steers were transported to 
the Irene Animal and Dairy Research Institute.  Upon arrival 
the animals were allowed to drink water for approximately 
30 minutes. They were then withdrawn from water and 
fasted for approximately 15 hours until slaughter. Carcasses 
were not electrically stimulated during slaughter, but 
immediately chilled at 0-5 ºC for a 24 hour period after 
which they were processed into commercial wholesale cuts.  
These cuts were aged 7-days at 0-5 ºC.  

Evaluations of cooking loss (%, CLS) and shear 
force (Newton, SHF) were conducted three times. Three 25 
mm thick pieces of meat were cut from the prime rib (8, 9 & 
10th rib) and divided into portions of approximately equal 
size. Each portion was weighed, placed in a plastic cooking 
bag and cooked in a water bath for one hour at 60, 70 or 80 
ºC. The meat was again weighed after cooking. The cooked 
meat was then allowed to cool to room temperature (about 
25 ºC) and a cylindrical core of 2.54 cm, cut parallel with 
the grain of the muscle, was obtained. The SHF was 
measured by shearing each core perpendicular to the grain 
of the meat using an Instron Universal Testing Machine 
Model 1140, equipped with a Warner Bratzler shear 
attachment. The recorded SHF was the maximum force 
(Newton) required to shear the core. Values obtained from 
the 3 samples were averaged prior to statistical analysis. 
Tenderness (TEN), juiciness (JUI), aroma and flavor (AFL) 
and residual connective tissue (CNT) were evaluated using 
the bone-in wing rib (11, 12 & 13th rib) roast of each 
carcass. The meat was oven roasted at 160 ºC to an internal 
temperature of 70 ºC. Small samples of the M. longissimus 
thoracis were evaluated by a sensory panel, using a five 
point measuring scale with 1 = least favourable and 5 = most 
favorable for all the traits. 

De Bruyn (1991) estimated the breed group means 
for each trait. These means were partitioned by weighted 
(weights equal to reciprocals of SE for breed group means 
from De Bruyn (1991)) linear regression into breed-specific 
additive and heterosis effects following the model of 
Dickerson (1969; 1973).  Constraints were imposed on the 
system of equations such that the direct and maternal effects 
of A were equal to zero. Thus, the intercept estimated the 
mean for Afrikaner, and the regression coefficients for direct 
and maternal effects estimate deviations of the 
corresponding breed effects from those of A. Pearson’s 
correlation coefficients between the least squares means 



reported by De Bruyn (1991) and their predicted values (not 
shown) based on the linear model used to partition additive 
and heterosis effects were used to quantify the adequacy of 
alternative models. 
 

Results and Discussion 
 

Despite the data analyzed here being collected 
between 1976 and 1981, it is believed to be reliable and 
accurate. Relatively few sires were sampled to represent the 
breeds and thus sampling error should be considered a 
possibility in interpreting the results. However, there was no 
intentional selection for any of these traits and no genetic 
trend is expected to have occurred since that time, except as 
a potential correlated response. 

Only direct effects seem important for SHF, TEN, 
and CTN (Table 1). However, for JUI, AFL, and CLS 
maternal effects also seem relevant. This may indicate that 
effects manifest during the pre-weaning period on 
components of meat quality were retained through the time 
of harvest or established a predisposition for creating 
differences in the sensory properties of the meat. 

Estimated breed additive direct effects and 
heterosis effects on sensory traits are shown in Table 2. 
Here, average direct and maternal heterosis effects were 
essentially unimportant for all traits. Likewise, Gregory et 
al. (1994) found the means of stabilized composite 
populations similar to the average of the component 
purebreds, suggesting little heterosis (direct and maternal 
combined) for sensory attributes of beef. The indigenous 
Afrikaner had generally the most favourable sensory profile 
relative to the imported breeds. This was particularly true for 
SHF and TEN. Significant differences were observed in 
wider and more diverse sampling of Bos taurus breeds 
whose sensory attributes were characterized by Gregory et 
al. (1994), suggesting potential differences in the sums of 
direct and maternal effects. However, it appears based on 
the data summarized here, that crossbreeding with exotic 
germplasm has little to offer in terms of consumer 
satisfaction relative to the use of Afrikaner. 
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Table 1. Pearson correlation coefficients between the 
observed least squares means and their predicted values 
from models with different sets of genetic effects 
included 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Traits 

Correlation 

Full 
model 

Without 
maternal 
effects 

Without 
maternal 
effects 

and 
direct 

heterosis 
Shear force (N/2.5cm) 0.95 0.94 0.85 
Tenderness score 0.97 0.93 0.72 
Juiciness score 0.87 0.68 0.26 
Aroma and flavor score 0.94 0.74 0.55 
Cooking loss (%) 0.87 0.72 0.46 
Residual connective 
tissue score 

0.94 0.91 0.77 



 
Table 2 Breed-specific direct and heterosis effects and standard errors1 on sensory traits 

 
Effect 

 
Breed2 

 
Shear force 
(N/2.5cm) 

 
Tenderness 

 
Juiciness 

 
Aroma 
/Flavor 

Connective 
Tissue 

Cooking 
loss (%) 

Intercept A 125. ± 6. 3.03 ± 0.18 3.44 ± 0.08 3.55± 0.06 4.21 ± 0.16 15.59 ± 0.66 
Individual B 40. ± 11. -0.64 ± 0.28 0.00 ± 0.21 0.23± 0.18 -0.21 ± 0.43 1.61 ± 1.84 
direct C 18. ± 10. -0.82 ± 0.52 0.19 ± 0.22 -0.30± 0.19 -0.16 ± 0.45 0.28 ± 1.92 
 H 7. ± 11. 0.07 ± 0.62 -0.51 ± 0.27 -0.35± 0.22 0.27 ± 0.54 -1.40 ± 2.28 
 S 69. ± 10. -1.31 ± 0.77 0.41 ± 0.33 -0.46± 0.27 -0.80 ± 0.66 -1.97 ± 2.80 
Heterosis Indicus x Sanga -9. ± 19. 0.35 ± 0.28 -0.06 ± 0.12 -0.46 ± 0.15 -0.39 ± 0.36 0.28 ± 1.01 
 Taurus  x Sanga -23. ± 13.  -0.12 ± 0.42 -0.02 ± 0.18 0.05 ± 0.10 0.06 ± 0.24 -1.30 ± 1.53 
 Indicus x Taurus -26. ± 23. 0.88 ± 0.50 -0.01 ± 0.21 0.15 ± 0.18 0.25 ± 0.43 -0.08 ± 1.83 
 Taurus x Taurus 17. ± 14. -0.30 ± 0.30 0.27 ± 0.13 -0.11 ± 0.11 -0.36 ± 0.26 0.24 ± 1.11 
 Average -10. ± 11. 0.27 ± 0.24 0.06 ± 0.10 -0.02 ± 0.08 -0.05 ± 0.21 0.00 ± 0.87 
Maternal B -2. ± 12. -0.37 ± 0.61 -0.05 ± 0.26 -0.57± 0.22 -0.64 ± 0.53 -2.20 ± 2.24 
direct C -6. ± 12. 0.09 ± 0.58 -0.31 ± 0.25 0.09± 0.20 -0.60 ± 0.50 0.53 ± 2.11 
 H -11. ± 14. 0.07 ± 0.67 0.48 ± 0.29 0.36± 0.24 -0.16 ± 0.58 2.41 ± 2.4 
 S -5. ± 8. 0.45 ± 0.75 -0.49 ± 0.32 0.17± 0.26 0.20 ± 0.65 2.73 ± 2.73 
Heterosis Indicus x Sanga -2. ± 12. 0.02 ± 0.27 0.13 ± 0.11 0.27± 0.09 0.17 ± 0.23 0.86 ± 0.97 
 Taurus  x Sanga -7. ± 7. 0.00 ± 0.15 -0.03 ± 0.06 0.02± 0.05 0.10 ± 0.13 0.19 ± 0.53 
 Average -6. ± 6. 0.01 ± 0.13 0.01 ± 0.05 0.08± 0.04 0.12 ± 0.11 0.36 ± 0.46 

1 The standard errors represent lack of fit to the genetic model, rather than variation among animals with similar breed composition. 
2 A = Afrikaner, B = Brahman, C = Charolais, H = Hereford, S = Simmentaler. indicus = Brahman;  
taurus = Charolais, Hereford, and Simmentaler; sanga = Afrikaner. 

 

 


