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ABSTRACT: Postweaning growth, feed intake and carcass 
yield are important determinants of profitability for the 
cattle feeder and packer. The objective of this research was 
to estimate direct and maternal breed effects and heterosis 
contributions for Afrikaner (A), Simmentaler (S), Brahman 
(B), Charolais (C) and Hereford (H). Data arising from 5 
straightbred and 24 crossbred combinations were modeled 
by multiple regression of the phenotypes on expected breed 
proportions and heterozygosity. Average direct heterosis 
was 17.9% for average post-weaning daily gain, being the 
largest in the crosses involving B. The average maternal 
heterosis effects were less. Both average direct and maternal 
heterosis effects were essentially nil for daily feed intake, 
dressing percentage and percentage meat yield. 
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Introduction 
 

 The South African beef market has changed 
radically over the last four decades. In the past, farmers 
could sell their cattle off veld as oxen or old cows for a 
reasonable price. However, consumer demand for better 
quality beef has led to the advent of a large feedlot sector in 
South Africa. These changes have resulted in a commercial 
market that now requires earlier maturing and efficient 
converters of high quality feed that are finished with 
superior carcass attributes (Scholtz et al. (2008)). Currently 
75% of all beef cattle slaughtered in the formal sector in 
South Africa originate from commercial feedlots (RMRD 
SA (2010)).  
 

In research leading to PhD degrees, De Bruyn 
(1991) and Els (1989) tabulated results from a 
comprehensive crossbreeding study conducted at the 
Vaalharts Research Station. Unfortunately, these results 
were never published in the retrievable scientific literature. 
Thus, the objective here was to estimate breed-specific 
additive and heterotic effects on postweaning growth rate, 
feed intake, dressing percentage, and meat yield for steers 
fed under South African conditions. 
 

Materials and Methods 
 

Crossbreeding experiments were carried out at the 
Vaalharts Research Station, situated near Jan Kempdorp. 
The research station is located in the centre of South Africa  
at 27°51’ South and 24°50’ East. Carcass traits were 
evaluated at the then Animal and Dairy Science Research  
 
Institute at Irene. Five breeds contributed to the study: 
Afrikaner (A), Brahman (B), Charolais (C), Hereford (H) 

and Simmentaler (S) as purebreds, and as topcrosses on A as 
dam line producing F1 progeny. The same sire breeds were 
also used on BA, CA, HA and SA F1 females producing 
backcross and 3-breed cross progeny. All the steers (N=375) 
from the 25 different genotypes were weaned at 
approximately 7 months of age and/or 220 kg. On average 
there were 15 steers per genotype, with the minimum being 
7 HHA and the maximum being 19 AA animals. They were 
then evaluated under intensive conditions with an adaptation 
period of 28 days and at least 84 days of intensive feeding 
during which average daily gain (ADG) and feed intake 
(DFI) were recorded. Each male 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 the steers. No anabolic growth promoters 
were administered to these animals. The ration contained 
10.27 MJ ME/kg and 11.86% crude protein.  
 

The steers were slaughtered at an average live 
weight of 440 kg. Fasted animals (approximately 15 hours) 
were weighed and slaughtered at the Irene Animal and Dairy 
Research Institute. A standard slaughter procedure was 
employed to determine the hot carcass weight. Dressing 
percentage (DP) was the ratio of hot carcass weight to live 
weight at slaughter. The carcass was then chilled for a 24 
hour period. Meat yield (MY) was predicted by relating 
measurements obtained from dissection and chemical 
analysis of the prime rib (8-10th rib) to the cut-out of one 
half of the carcass (De Bruyn (1991)).  
 

Least squares means, adjusted for contemporary 
groups, for feedlot and carcass traits in different breed group 
combinations were first reported in the PhD dissertation of 
De Bruyn (1991). These means were partitioned into breed-
specific additive and heterosis effects following the model 
of Dickerson (1973). The breed-specific individual and 
maternal additive effects were expressed as deviations from 
the respective Afrikaner breed effects and the intercept 
estimated the mean for A. Coefficients of determination (R2) 
from fitting alternative models were used to assess the 
relative importance of the various genetic effects. The initial 
model that included direct and maternal effects and reduced 
models that were formed following a backward elimination 
strategy that removed first maternal heterosis effects, then 
maternal additive effects, and finally individual heterosis 
effects were evaluated. Models requiring fewer parameters 
to be estimated were favored as long as their explanatory 
power was within 5% of that of their more complex 
counterpart. For each trait, the correlation between the  



 
observed breed group means and their respective predicted 
values with the full model was also calculated as a summary 
statistic. 
 

Results and Discussion 
 

Average levels of performance observed in this 
study for ADG, DFI, DP and MY were: 1042 g/d, 7258 g/d, 
64.2 %, and 82.1 %, respectively. Despite the fact that the 
data analyzed here was collected between 1976 and 1981, it 
is believed to be reliable and accurate. Further, there are no 
other more recent crossbreeding results from data collected 
under conditions in South Africa. 
 

Model adequacy. For three of the four traits 
studied, omitting maternal heterosis from the full model 
resulted in R2 being reduced by approximately 5% or more 
(Table 1). Hence, the full model is deemed most appropriate 
to partition these data onto their genetic components. Given 
that the calves had been removed from the proximity of their 
dams prior to their expression of the traits reported here, the 
estimates of maternal effects may be challenging to explain.  
 

Additive genetic effects. Estimated breed additive 
effects for the feedlot and carcass traits are shown in Table 
2. Relative to A, breed direct effects of C, H, and S all 
indicated increased ADG, whereas the B direct effect was 
not as favourable. Maternal breed effects on ADG were not 
particularly remarkable. This increased growth performance 
came at a cost, with the breed effects on DFI following a 
similar pattern. Breed direct effects of the continental breeds 
(C and S) resulted in greater DP relative to A, B, and H 
which were similar. Maternal effects of dam breeds that are 
not adapted to the climatic conditions of South Africa 

compromised dressing percentage. Direct effect of B was 
unfavourable and C was favourable to MY, relative to the 
other breeds. However, the B maternal effect offset much of 
the disadvantage. 

In proposing breeding objectives for C and Angus 
to be top-crossed onto indigenous breeds in South Africa, 
MacNeil, et al. (2007) recognized the potential for increased 
production from use of terminal sires. Here, using C as a 
terminal sire on A females is predicted to increase edible 
product from a 440kg steer by more than 15 kg relative the 
straight bred A. This advantage would be attained with 
fewer days on feed and with less total feed being consumed 
to the 440 kg weight-constant endpoint. 
 

Heterosis effects. Estimated heterosis effects are 
presented in Table 3. Previous studies have generally found  
heterosis for feed efficiency and its components to be 
relatively small (Cundiff (1970); Smith et al. (1976)). Here, 
direct heterosis was positive for average daily gain, but 
essentially nil for the other traits, and these findings suggest 
increases in feed efficiency due to direct heterosis.  
 

Conclusions 
 

Sanga are early maturing breeds that compare 
favorably with other later maturing breeds with regard to 
feedlot and carcass traits. However, it is clear that use of 
exotic germplasm on Sanga breeds can increase feedlot 
performance and meat yield of cattle reared under South 
African conditions. Different crossbred genotypes also 
provide opportunity for more rapid conformation to the 
changes in market requirements and may offer opportunity 
for more revenue. 
 

 

Table 1. Percentage of variation (R2) explained by the four models used to estimate the genetic effects on average 
daily gain, average daily feed intake, dressing percentage, and meat yield 
Feedlot and carcass 
traits 

Full model (I) I less maternal 
heterosis (II) 

II less maternal 
additive effects (III) 

III less individual heterosis 

ADG 96.3 91.7 89.7 79.8 
DFI 93.4 91.3 87.5 74.4 
DP 92.7 81.1 80.4 75.8 
MY 96.4 91.7 89.1 82.9 

 
Table 2. Breed specific direct and maternal effects and standard errors1 on feedlot and carcass traits 
Effect Breed2 ADG (g) DFI (kg) DP (%) MY (%) 
Intercept A 809.4 ± 42.4 6.23 ± 0.24 62.3  ± 0.6 81.6  ± 0.2 
Direct B 54.9 ± 123.3 0.85 ± 0.69 -0.6  ± 1.8 -2.2  ±  0.6 
(Individual) C 470.4 ± 96.5 1.71 ± 0.54 7.6  ± 1.5 1.6  ± 0.5 
 H 277.7 ± 161.2 1.24 ± 0.58 2.5  ± 1.6 -0.6  ± 0.5 
 S 355.0 ± 161.0 2.22 ± 0.90 5.5  ± 2.4 0.2  ± 0.8 
Maternal B -15.3 ± 149.9 -0.67 ± 0.83 3.0  ± 2.3 2.0  ± 0.8 
 C 116.4 ± 92.7 0.40 ± 0.52 -2.5  ± 1.4 0.4  ± .5 
 H 98.4 ± 96.2 0.36 ± 0.53 -2.1  ± 1.5 0.1  ±0.5 
 S 9.4 ± 156.4 -0.20 ± 0.87 -4.2  ± 2.4 1.1  ± 0.8 
1All standard errors are expressed in measured units and represent a lack of fit to the genetic model, rather than variation amongst animals of the same 
breed composition. 
2A = Afrikaner, B = Brahman, C = Charolais, H = Hereford, S = Simmentaler 
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Table 3. Heterosis effects on feedlot and carcass traits and the associated standard errors1 
Effect ADG (g) DFI (kg) DP (%) MY (%) 
Direct:      indicus x sanga 127.2 ± 101.3 0.21 ± 0.56 1.39  ± 0.51 1.4  ± 0.5 

taurus x sanga 99.8 ± 65.1 0.36 ± 0.36 0.14  ± 0.33 0.1  ± 0.3 
  indicus x taurus 359.2 ± 123.1 0.47 ± 0.68 0.82  ± 0.62 0.8  ± 0.6 
taurus x taurus -17.9 ± 68.2 -0.16 ± 0.38 -0.18  ± 0.35 -0.2  ± 0.3 

Average direct: 145.0 ± 56.3 0.22  ± 0.31 0.37  ± 0.29 0.4  ± 0.3 
Maternal: indicus x sanga -138.8 ± 65.9 -0.32 ± 0.37 -1.34 ± 1.00 -0.72 ± 0.33 
                 taurus x sanga -69.9 ± 31.7 -0.23 ± 0.18 1.63 ± 0.48 0.41 ± 0.16 
Average maternal: -104.4 ± 35.7 -0.28 ± 0.20 0.14 ± 0.54 -0.16 ± 0.18 
1All standard errors are expressed in measured units and represent a lack of fit to the genetic model, rather than variation amongst animals in 
the same genotype. 
2 indicus = Brahman; taurus = Charolais, Hereford and Simmentaler; sanga = Afrikaner 


