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Abstract 

Data collected on birth and weaning weight traits of beef cattle calves over the period of 1968 to 1992 
with varying levels of Angus and Charolais genes, ranging from 0% to 75%, were analysed to determine 
possible optimum breeding levels for birth weight (BW), weaning weight (WW) and pre-weaning average 
daily gain (ADG), fitting a unitrait animal model. The estimated heritabilities were used to predict direct 
(DBV) and maternal breeding values (MBV) for each animal. Best Linear Unbiased Estimates (BLUEs), 
DBVs and MBVs per genetic group estimated were regressed on proportions of Charolais and Angus 
breeding.  The BLUEs of the traits increased with increasing proportion of Charolais, while they decreased 
with increasing Angus breeding levels. In general, MBVs increased with increasing the proportions of both 
breeds. The DBVs of the Charolais increased and reached a maximum at 35, 38, and 45% proportions of 
Charolais for BW, WW and ADG, respectively. Except for BW, DBVs of WW and ADG decreased as the 
genetic contribution of the Angus increased. No optimal Angus proportion was found in this herd within the 
specific environmental condition. It is suggested that increasing the proportion of the Charolais to 
intermediate levels would tend to improve the performances of pre-weaning traits. 
 
Keywords: Beef cattle, Angus, Charolais, genetic effects, pre-weaning traits 
#Corresponding author. E-mail: sjsc@land.sun.ac.za 
 
Introduction  

The large variety of beef cattle breeds of the world differs in performance traits. This suggests a great 
possibility of creating certain breed combinations to increase productivity and efficiency. Crossbreeding 
systems such as terminal crossing usually require the respective purebred populations to be maintained. An 
alternative approach is the formation of a multibreed composite population.  Combining different breeds into 
one population, therefore, provides an excellent opportunity to exploit the advantage of the contributing 
breeds (Dickerson, 1969; Gregory & Cundiff, 1980; Lin, 1996).  

Composite breeds are expected to be bred to their own kind, to retain a level of heterosis normally 
associated with traditional crossbreeding systems, but without continuous crossbreeding. It is expected that 
they would be better than the parent breeds for composite traits in performances, but intermediate for some 
individual contributing traits, and show greater genetic variability (Gregory & Cundiff, 1980; Alenda & 
Martin, 1981). Additionally, developing synthetic breeds provide more consistency in production compared 
to traditional crossbreeding systems, producers have the potential to produce their own replacement herd and 
overcome some of the major problems encountered in conventional crossbreeding (Gregory & Cundiff, 
1980; Schoeman & Jordaan, 1999; Bourdon, 2000). 

The proportion of individual breeds going into a composite is the critical step in composite breed 
formation and may well determine whether a composite breed succeeds or fails. Each breed should be, 
therefore, evaluated with respect to its contribution with other breeds for the desired traits under specific 
production environments. The objective of this study was to assess the influence of varying levels and to 
determine the optimum breeding levels of Angus and Charolais for pre-weaning growth traits in a crossbred 
beef cattle population.  
 
Materials and Methods 

Data were obtained from the initial crossbreeding phase in the development of a synthetic beef cattle 
population at the Johannesburg Metropolitan Councils farms collected during the period of 1968 to 1992. 
The beef herd is kept on two different farms (Olifantsvlei farm and Northern farm) on an intensive 
management system. These farms form part of the wastewater management scheme of the greater 
Johannesburg Metropolitan Council. Breeding systems, animal management, recording and selection 
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procedures of the herd were described in detail by Paterson et al. (1980), Schoeman & Jordaan (1999) and 
Skrypzeck et al. (2000a; b). 

After editing the data, 4119 records were available and were included in the analyses. The records 
included birth weight (BW), weaning weight (WW) and pre-weaning average daily weight gain (ADG). The 
number of sires used was 73, with an average of 56.4 calves per sire, which varied between 1 and 347 calves 
per sire while the number of dams used was 1973 with an average of 2.1 calves per dam, which varied 
between 1 to 8 calves per dam.  

Animals with varying contributions of Angus, Bonsmara, Charolais and Hereford were included in the 
investigation. The contribution of Angus and Charolais in the composition of individual calves varied from 0 
to 75% breeding. The total number of breed combinations, or calf genetic groups in this study was 56. The 
proportion of each breed in each calf was calculated from the original pedigrees. The number of calf genetic 
groups with different proportions of Angus and Charolais was 8 and 7, respectively. Linear regressions were 
fitted for the Angus and the Charolais only, ignoring the varying contributions of the Hereford and 
Bonsmara. The total number of calves considered in relation to the proportions of the breeds is presented in 
Table 1. 

 
Table 1 Number of calves born in relation to the proportion of Angus and Charolais 
 

   Proportion (%)      
Breed 0 6.25 9.4 12.5 25 37.5 50 62.5 75 
Angus 1407 692 13 577 934 16 457 0 23 
Charolais 1462 0 0 219 218 249 1138 13 820 

 
The data were initially analyzed using the GLM procedures of SAS (1996). The models were fitted for 

several fixed effects according to the step down procedures. All fixed effects and their interactions that had 
no (P > 0.05) influence on BW, WW and ADG were excluded from the final genetic analysis. In the final 
models, fixed effects of herd-year-season, age of dam, sex of calf, proportion of Angus and Charolais were 
fitted. For WW, weaning age of calf was included as a covariate. The characteristics of the dataset are 
presented in Table 2.  
 
Table 2 Characteristics of the dataset for birth weight (BW), weaning weight (WW) and pre-weaning 
average daily gain (ADG) of calves 
 

 
Number of 

records Minimum Maximum Mean 
Standard 
deviation 

Birth weight (kg) 4119   22.00  55.00   35.80   6.20 
Weaning weight (kg) 4119 102.00 358.00 192.40 34.89 
Average daily gain (kg) 4119     0.28    1.92    0.75   0.14 
Calf age at weaning (days) 4119 106.00 310.00 210.70 26.90 
Dam age at parturition (years)        5.64   2.30 
Number of calves/sire      56.40  
Number of calves/dam        2.10  

 
The Restricted Maximum Likelihood (REML) VCE package of Groeneveld (1996; 1997) was 

subsequently used for (co)variance components analyses and for the prediction of individual direct and 
maternal breeding values. Unitrait animal models accounting for direct and maternal genetic effects and 
permanent maternal environmental effects as random effects in addition to the random residual error were 
fitted.  The basic model in matrix notation comprised the following:  

        Y =   Xb + Z1a + Z2m + Z3c + e 
           where Y =   a vector of a calf record for the traits 

X =   a known incidence matrix relating the observation to the fixed  effects.                                     
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b =   a vector of fixed effects.  
            Z1, Z2 and Z3 =   known incidence matrices relating elements of a, m and c to Y 

   a =   a random vector of direct genetic effects. 
m =   a random vector of maternal genetic effects.  
c =   a random vector of permanent maternal environmental effects 
e =   a random vector of residual error.  
 

The direct and maternal heritabilities estimated, were subsequently used to predict individual breeding 
values (BLUP) of each calf for BW, WW and ADG.  Mean direct breeding values (DBVs) and mean 
maternal breeding values (MBVs) per genetic group estimated, were then regressed on the proportion of 
Angus and Charolais contributions, respectively. Likewise, Best Linear Unbiased Estimates (BLUEs) of the 
traits were also calculated for each calf and mean values per genetic group were regressed on the proportions 
of their breeding.  
 
Results and Discussion 

Analyses of variance are shown in Table 3 for BW, WW and ADG. Proportions of Angus and 
Charolais were important for all traits (P < 0.05) accounting for 0.8, 0.3 and 0.3% and 11.5, 7.1, and 6.3% of 
the total variance for BW, WW and ADG, respectively. Dam age and sex of calf were also important sources 
of variation (P < 0.001) for all traits and are in accordance with the investigations of Smith et al. (1976), 
Gregory et al. (1978), Paterson et al. (1980), Van Zyl (1990), Newman et al. (1993) and Schoeman et al. 
(1993). The herd-year-season effects were also important for all traits (P < 0.001), while age of calf at 
weaning also influenced (P < 0.001) weaning weight.  
 
Table 3  Least squares analysis of variance for birth weight (BW), weaning weight (WW), and pre-weaning 
average daily gain (ADG) 
 

F value 

Source of variation Df BW WW ADG  

Proportion of Angus 7 7.83*** 3.38** 2.36* 

Proportion of Charolais 6 135.97*** 95.16*** 62.81*** 

Age of dam 3 38.78*** 13.31*** 8.45*** 

Sex of calf 1 294.45*** 297.94***. 223.38*** 

Herd-year-season 64 9.20*** 15.07*** 14.98*** 

Weaning age of calf 1  1064.92***  

R2 model (%)  43.05 50.08 32.68 
Root MSE  4.72 24.10 0.11 

Coefficients of variation (%)  13.25 12.94 15.05 

*P < 0.05, **P < 0.01, ***P < 0.001 
 

The regression equations of BLUEs, DBVs and MBVs for BW on proportion of Angus and Charolais 
are presented in Table 4.  Birth weight (BLUE estimates) declined (b = -3.5) with increasing proportions of  
the Angus, while it strongly increased (b = 8.9) with increasing proportions of the Charolais.  Both DBV’s (b 
= 0.23) and MBV’s (b = 0.17) slightly increased with increasing Angus contributions, while a stronger MBV 
increase was evident (b = 0.26) for the Charolais.  The DBV’s increased with increasing Charolais 
contribution and reached a maximum at 35%, after which it declined again. 

In a number of investigations estimates of the direct genetic effects was negative for Angus (Alenda et 
al., 1980; Dillard et al., 1980; Cunningham & Magee, 1988; Franke et al., 2001) relative to the breeds with 
which it was compared. In most beef cattle crossbreeding studies, positive direct effects for the Charolais 
were reported (Alenda et al., 1980; Dillard et al., 1980; Newman et al., 1993; Olson et al., 1993; Franke et 
al., 2001), while some others reported negative estimates (Cunningham & Magee, 1988).  Notter et al. 
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(1978) also indicated that the direct breeding values for calving difficulty in the Charolais were large 
compared to Hereford-Angus. Smith et al. (1976), Schaeffer & Wilton (1977) and Schoeman (1996) clearly 
underlined the problem of calving difficulties in Charolais sired calves which resulted from the high positive 
direct breeding values for BW.  
 
Table 4  Regression equations of Best Linear Unbiased Estimates (BLUEs), direct breeding values (DBVs) 
and maternal breeding values (MBVs) for birth weight (BW) on Angus and Charolais proportions 
 

Parameter Equation R2 Model 
 Angus  
                 BLUE  Y = -3.5164x + 0.3725  0.47 
                 BLUP of DBV Y = 0.2253x - 0.0016  0.14 
                 BLUP of MBV Y = 0.172x - 0.0295  0.32 
 Charolais  
                 BLUE  Y = 8.8804x - 0.6731  0.96 
                 BLUP of DBV Y = -2.5365x2 + 1.7996x - 0.1189 0.86 
                 BLUP of MBV Y = 0.2566x - 0.0404  0.37 

 
Positive maternal breed effects for both the Charolais and the Angus were also evident in a number of 

other findings, such as those reported by Dillard et al. (1980) and Cunningham & Magee (1988). Franke et 
al. (2001) also reported a small negative maternal regression coefficient for the Charolais relative to the 
Angus. The increase in MBVs with increasing gene proportions of both breeds may reflect the inability of 
both Angus and Charolais dams to restrict growth of the foetus by way of specific physiological mechanisms 
in their uterine environment.  

The regression equations of BLUEs, DBVs and MBVs for WW on Angus and Charolais proportions 
are presented in Table 5. Performance levels of WW were negatively associated (b = -12.7) with an increase 
in Angus breeding levels. In contrast, WW strongly increased (b = 38.8) with an increase in Charolais 
proportions. The low WW at lower proportion of the Charolais indicated the relatively low potential of the 
other contributing breeds (Angus, Hereford and Bonsmara) used in the combinations. 
 
Table 5  Regression equations of Best Linear Unbiased Estimates (BLUEs), direct breeding values (DBVs) 
and maternal breeding values (MBVs) for weaning weight (WW) on Angus and Charolais proportions 
 

Parameter Equation R2 Model 
 Angus  
                 BLUE  Y = -12.72x - 0.4288  0.71 
                 BLUP of DBV Y = -1.5411x + 1.4019  0.24 
                 BLUP of MBV Y = 1.7074x - 1.6402  0.47 
  Charolais  
                 BLUE  Y = 38.252x + 2.8391 0.87 
                 BLUP of DBV Y = -13.579x2 + 10.552x + 0.2153 0.71 
                 BLUP of MBV Y = 1.1812x - 2.1815   0.34 

 
The decline in performance levels of WW as the proportion of Angus increased was in accordance 

with the decrease of mean DBVs, but in contrast with the MBVs. The opposite in the direction of change 
between DBVs and MBVs for the Angus may reflect the possibility of an environmentally induced high 
negative direct and maternal genetic correlation rather than a true genetic antagonism (Meyer, 1992; 
Schoeman & Jordaan, 2001). The declined DBVs of Angus most likely attributed to the large contribution of 
the large framed-sized Charolais to the composition of the herd. However, in other crossbreeding studies, the 
estimates of direct effects of Angus were also consistently negative (Alenda et al., 1980; Dillard et al., 1980; 
MacNeil et al., 1982; Franke et al., 2001). The mean DBV increased with increasing Charolais proportions 
and reached a maximum level at 38% and declined thereafter, while the mean MBV was positively 
associated (b = 1.2) with an increase in the proportion of Charolais contribution. The reason for the lower 
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DBVs of the Charolais with greater than 38% proportions may be partly associated with environmental 
influences, in which performance records were a weak indicator of underlying breeding value at higher levels 
of Charolais contributions. Both Schoeman et al. (2000) and Skrypzeck et al. (2000b), in their studies on part 
of the same dataset, underlined the unfavourable environment under which the herd is managed which 
influences the performance of the herd. Unlike the Angus, estimates of direct effects for the Charolais were 
positive in most studies (Alenda et al., 1980; Dillard et al., 1980; MacNeil et al., 1982; Newman et al., 1993; 
Olson et al., 1993; Franke et al., 2001), while Cunningham & Magee (1988) reported a negative estimate.                           

The increased MBVs of both breeds clearly indicate the genetic potential of the breeds for higher milk 
production and their maternal abilities to wean heavier calves. Positive maternal effects for the Angus were 
more apparent in the literature than negative maternal effects (Dillard et al., 1980; MacNeil et al., 1982; 
Cunningham & Magee, 1988). In a number of studies such as those reported by Alenda et al. (1980), Dillard 
et al. (1980), MacNeil et al. (1982) and Franke et al. (2001) positive maternal effects for the Charolais were 
also revealed. Jenkins & Ferrell (1992) reported that the Angus produced slightly less milk than the 
Charolais, while the Hereford produced considerably less milk than both the Charolais and the Angus. 
Franke et al. (2001) reported a positive maternal effect of 12.8 kg for the Charolais compared to a negative 
maternal effect of –17.6 kg for the Hereford, while in this study the maternal effect for the Angus was 
slightly superior to that of the Charolais. For the Charolais, the predicted growth potential of animals was 
maximum at 38% Charolais breeding. It may, therefore, be suggested that increasing the proportion of 
Charolais to intermediate levels in this composite herd would tend to optimise the genetic potential of pre-
weaning traits under the specific environment. Alternatively, in a systematic crossbreeding programme 
intermediate proportions of Charolais in the dam would most likely optimise the utilisation of both direct and 
maternal effects. 

The regression equations of BLUEs, DBVs and MBVs for ADG on Angus and Charolais breed 
proportions are presented in Table 6. The BLUEs of ADG increased and reached a maximum value at 20% 
Angus proportion, while it increased linearly (b = 0.14) with increasing Charolais proportions. The overall 
trends of mean performance levels of ADG are comparable to WW performances for both breeds. This 
reflected the high genetic correlation between WW and ADG found in various beef cattle investigations such 
as those reported by Mackinnon et al. (1991) and Dadi (2001). 
 
Table 6  Regression equations of Best Linear Unbiased Estimates (BLUEs), direct breeding values (DBVs) 
and maternal breeding values (MBVs) for pre-weaning average daily gain (ADG) on Angus and Charolais 
proportions 
 

Parameters Equation R2  Model 
 Angus  

                BLUE  Y = -0.1313x2 + 0.0511x – 0.0115 0.76 
                BLUP of DBV y = -0.0101x + 0.0078 0.63 
                BLUP of MBV Y = 0.008x - 0.0073  0.72 

        Charolais  
                BLUE  Y = 0.1366x + 0.0173  0.81 
                BLUP of DBV Y = -0.0526x2 + 0.0472x + 0.001 0.70 
                BLUP of MBV y = 0.0015x - 0.007 0.10 

 
Mean DBVs were generally negatively associated (b = -0.01) while mean MBVs were slightly 

positively associated (b = 0.008) with increasing proportions of Angus. According to Neville et al. (1984) the 
direct and maternal effects of the Angus compared to those of the polled Hereford were negative and 
positive, respectively, which corresponded with the present results. The mean DBVs of the Charolais 
increased and attained a maximum value at 45% Charolais contribution, whereafter it declined. The mean 
MBVs slightly increased (b = 0.002) with increasing Charolais breed contributions. Dillard et al. (1980) 
reported positive direct effects of ADG for both the Angus and the Charolais, expressed as a deviation from 
the Hereford’s direct value, while Franke et al. (2001) obtained a strong positive direct effect for the 
Charolais and no difference between the Hereford and the Angus. Both Cunningham & Magee (1988) and 
Franke et al. (2001) obtained positive estimates of maternal effects for both breeds. In general, increasing of 
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the maternal breeding values with increasing proportion of both breeds in this study were indicative of 
superior maternal abilities relative to the breeds with which they were compared.  

 
Conclusion 

In a composite involving varying contribution of Angus, Hereford, Bonsmara and Charolais, 
increasing the genetic proportion of Angus decreased the performance levels of BW, WW and ADG. 
However, increasing the proportion of Charolais increased the performances of all the traits. These results 
generally showed an increase in maternal breeding values with increasing the proportions of both Angus and 
Charolais for all traits. However, direct effects did not have such consistency for all traits. Increasing the 
genetic proportions of the Angus and the Charolais in dams would improve maternal abilities of the cows to 
wean heavier calves. The results clearly confirmed earlier studies, which suggested the Angus being 
characterized as an ideal maternal line. In this herd it may be suggested that increasing the proportion of the 
Charolais to intermediate levels would tend to improve the performances of pre-weaning traits. Further 
investigation involving other traits of economic importance such as carcass traits, calving ease and cow 
efficiency traits should also be considered in future evaluations.  
 
References 
Alenda, R. & Martin, T.G., 1981. Estimation of genetic and maternal effects in crossbred cattle of Angus, 

Charolais and Hereford parentage. III. Optimal breed composition of crossbreds. J. Anim. Sci. 53, 347-
353. 

Alenda, R., Martin, T.G., Lasley, J.F. & Ellersieck, M.R., 1980. Estimation of genetic and maternal effects in 
crossbred cattle of Angus, Charolais and Hereford parentage. I. Birth and weaning weights. J. Anim. 
Sci. 50, 226-241. 

Bourdon, R.M., 2000. Understanding animal breeding. (2nd ed.). Prentice Hall, Inc. New Jersey. 538 pp. 
Cunningham, B.E. & Magee, W.T., 1988. Breed-direct, breed-maternal and nonadditive genetic effects for 

preweaning traits in crossbred calves. Can. J. Anim. Sci. 68, 83-92. 
Dadi, H., 2001. Genetic parameter estimates for weaning traits in a multibreed beef cattle population. MSc 

(Agric.) thesis, University of Stellenbosch, South Africa. 
Dickerson, G., 1969. Experimental approaches in utilizing breed resources. Anim. Breed. Abst. 37, 191-202. 
Dillard, E.U., Rodriguez, O. & Robison, O.W., 1980. Estimation of additive and nonadditive direct and 

maternal genetic effects from crossbreeding beef cattle. J. Anim. Sci. 50, 653-663. 
Franke, D.E., Habet, O., Tawah, L.C., Williams, A.R. & DeRuen,  S.W., 2001. Direct and maternal genetic 

effects on birth and weaning traits in multibreed cattle data and predicted performance of breed 
crosses. J. Anim. Sci. 79, 1713-1722.  

Gregory, K.E. & Cundiff, L.V., 1980. Crossbreeding in beef cattle. Evaluation of systems. J. Anim. Sci. 51, 
1224-1242. 

Gregory, K.E., Cundiff, L.V., Smith, G.M., Laster, D.B. & Fitzhugh, H.A.Jr., 1978. Characterization of 
biological types of cattle cycle II. I. Birth and weaning traits. J. Anim. Sci. 47, 1022-1030. 

Groeneveld, E., 1996. REML VCE-a multivariate, multimodel restricted maximum likelihood (co)variance 
component estimation package. Version 3.2 Users’ Guide. Institute of Animal Husbandry and Animal 
Ethology, Mariensee, Germany. 

Groeneveld, E., 1997. VCE-4 User’s Guide and Reference Manual. Institute of Animal Husbandry and 
Animal Behaviour, Mariensee, Germany. 

Jenkins, T.G. & Ferrell, C.L., 1992. Lactation characteristics of nine breeds of cattle fed various quantities of 
dietary energy. J. Anim. Sci. 70, 1652-1660. 

Lin, C.Y., 1996. Optimisation of breed composition to maximize net merit of synthetic populations 
(Technical note). J.  Anim. Sci. 74, 1477-1480. 

Mackinnon, M.J., Meyer, K. & Hetzel, D.J.S., 1991. Genetic variation and covariation for growth, parasite 
resistance and heat tolerance in tropical cattle. Livest. Prod. Sci. 27, 105-122. 

MacNeil, M.D., Dinkel, C.A. & Van Vleck, L.D., 1982. Individual and maternal additive and heterotic 
effects on 205-day weight in beef cattle. J. Anim. Sci. 54, 951-956. 

Meyer, K., 1992. Variance components due to direct and maternal effects for growth traits of Australian beef 
cattle. Livest. Prod. Sci. 31, 179-204.  

Neville, W.E.Jr., Mullinix, B.G.Jr. & McCormick, W.C., 1984. Grading and rotational crossbreeding of beef 
cattle. II. Calf performance to weaning. J. Anim. Sci. 58, 38-46. 

The South African Journal of Animal Science is available online at http://www.sasas.co.za/Sajas.html  



South African Journal of Animal Science 2002, 32 (3) 
© South African Society for Animal Science 

207

Newman, S., MacNeil, M.D., Reynolds, W.L., Knapp, B.W. & Urick, J.J., 1993. Fixed effects in the 
formation of a composite line of beef cattle: II. Pre- and postweaning growth and carcass composition. 
J. Anim. Sci. 71, 2033-2039.  

Notter, D.R., Cundiff, L.V., Smith, G.M., Laster, D.B. & Gregory, K.E., 1978. Characterisation of biological 
types of cattle. VI. Transmitted and maternal effects on birth and survival traits in progeny of young 
cows. J. Anim. Sci. 46, 892-907. 

Olson, T.A., Peacock, F.M. & Koger, M., 1993. Reproductive and maternal performance of rotational, three-
breed, and inter se crossbred cows in Florida. J. Anim. Sci. 71, 2322-2329. 

Paterson, A.G., Venter, H.A.W. & Harwin, G.O., 1980. Preweaning growth of British, Bos indicus, 
Charolais and dual-purpose type cattle under intensive pasture conditions. S. Afr. J. Anim. Sci. 10, 
125-133. 

SAS, 1996. Statistical Analysis systems user’s guide (version 6). SAS Institute, Inc., Cary, North Carolina. 
Schaeffer, L.R. & Wilton, J.W., 1977. Evaluation of beef sires across breeds for calving ease. Can. J. Anim. 

Sci. 57, 635-645. 
Schoeman, S.J., 1996. Characterization of beef cattle breeds by virtue of their performances in the national 

beef cattle performance and progeny testing scheme. S. Afr. J. Anim. Sci. 26, 15-19.  
Schoeman, S.J. & Jordaan, G.F., 1999. Multitrait estimation of direct and maternal (co)variances for growth 

and efficiency traits in a multibreed beef cattle herd. S. Afr. J. Anim. Sci. 29, 124-136. 
Schoeman, S.J. & Jordaan, G.F., 2001. The influence of breed composition on weaning weight parameters in 

a multibreed beef cattle population. Proc. Assoc. Advmt. Anim. Breed. Genet. 14, 139-142, 
(Queenstown, New Zealand).  

Schoeman, S.J., Jordaan, G.F. & Skrypzeck, H., 2000. The influence of proportion of Simmentaler breeding 
in a multibreed synthetic beef cattle population on preweaning growth traits. S. Afr. J. Anim. Sci. 30, 
98-109. 

Schoeman, S.J., Van Zyl, J.G.E. & Rensia De Wet., 1993. Direct and maternal additive and heterotic effects 
in crossbreeding Hereford, Simmentaler and Afrikaner cattle. S. Afr. J. Anim. Sci. 23, 61-66. 

Skrypzeck, H., Schoeman, S.J., Jordaan, G.F. & Neser, F.W.C., 2000a. Estimates of crossbreeding 
parameters in a multibreed beef cattle crossbreeding project. S. Afr. J. Anim. Sci. 30, 193-203. 

Skrypzeck, H., Schoeman, S.J., Jordaan, G.F. & Neser, F.W.C., 2000b. Preweaning growth traits of the 
Hereford breed in a multibreed composite beef cattle population. S. Afr. J. Anim. Sci. 30, 220-229. 

Smith, G.M., Laster, D.B. & Gregory, K.E., 1976. Characterization of biological types of cattle. I. Dystocia 
and preweaning growth. J. Anim. Sci. 43, 27-36. 

Van Zyl, J.G.E., 1990. Studies on performance and efficiency of pure and crossbred cattle in an arid 
bushveld environment. Ph.D. thesis. University of Pretoria, South Africa. 

The South African Journal of Animal Science is available online at http://www.sasas.co.za/Sajas.html  


	#Corresponding author. E-mail: sjsc@land.sun.ac.za
	Introduction
	
	
	The data were initially analyzed using the GLM procedures of SAS (1996). The models were fitted for several fixed effects according to the step down procedures. All fixed effects and their interactions that had no (P > 0.05) influence on BW, WW and A


	The regression equations of BLUEs, DBVs and MBVs for BW on proportion of Angus and Charolais are presented in Table 4.  Birth weight (BLUE estimates) declined (b = -3.5) with increasing proportions of  the Angus, while it strongly increased (b = 8.9
	
	
	
	The regression equations of BLUEs, DBVs and MBVs for ADG on Angus and Charolais breed proportions are presented in Table 6. The BLUEs of ADG increased and reached a maximum value at 20% Angus proportion, while it increased linearly (b = 0.14) with incr



	Conclusion
	
	
	References
	Alenda, R., Martin, T.G., Lasley, J.F. & Ellersieck, M.R., 1980. Estimation of genetic and maternal effects in crossbred cattle of Angus, Charolais and Hereford parentage. I. Birth and weaning weights. J. Anim. Sci. 50, 226-241.






