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ABSTRACT: In the formation of the composite cattle in 
study, breeds were pregrouped in: Group N, Zebu; Group 
A, adapted to tropical climate; Group B, British and Group 
C, Continental. A procedure was proposed to investigate 
breed proportions that maximize the predicted merit of the 
next generation, when sires are mated with F1 females 
(NxA, NxB and NxC). Proportion of different breeds in 
each bull was calculated from the original pedigrees. The 
net merit of each progeny was computed for an index that 
included breed values for birth weight, weaning weight, 
postweaning gain, scrotal circumference and muscle score. 
Breed compositions (medium to high B fraction, and aver-
age A fraction) of sires in mating with F1 dams, generates 
progeny with coefficients of heterozygosity ranging from 
medium to high magnitude. Some breed composition sire 
would be selected in any mate systems evaluated indicating 
high combining ability of these compositions. 
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Introduction 
 

In crossbreeding programs, it is important to pre-
dict the progeny performance in subsequent generations. 
Combining different breeds into one population provides an 
excellent opportunity to exploit the advantages of the con-
tributing breed. However, optimal composite genotypes 
when the proportion of a specific breed (or combination of 
breeds) in the composite is constrained to a desired level 
should be investigated. 

 
In Brazil, a practical problem to implement cross-

breeding program is the reproductive efficiency of non-
adapted European bulls may be seriously impaired in natu-
ral service under extensive conditions (Ferraz e Eler, 2000). 
Thus, genetically evaluated composite bulls, breeding under 
grazing conditions, is improving productivity of Brazilian 
herds. 

 
The optimal breed composition of a synthetic 

breed for a single trait has been determined empirically by 
Kinghorn (1980) and Alenda and Martin (1981). These 
methods involve testing a number of crossbred combina-
tions to find the possible one. Lin (1996) described a meth-
od to optimize breed composition for net merit of a synthet-
ic population where net merit was defined as a linear com-
bination of genotypic values each weighted by its economic 
value. However, these approaches become very complicat-
ed as the number of breeds and crossbred groups increases. 

 
In the formation of the composite cattle used in 

this study the breeds were pregrouped according to their 
genetic similarity and general performance into 4 large and 
general biological types, which are identified by the abrevi-
ation NABC: group N (Bos indicus) represented by Zebu 
breeds and breeds of African origin, group A (Bos taurus) 
represented by breeds adapted to tropical climates, group B 
(Bos taurus) represented by European breeds of British 
origin and group C (Bos taurus) represented by European 
breeds of continental origin (Ferraz e Eler, 1999). 

 
Genetic effects of different breeds (e.g. breed di-

rect additive, maternal additive and heterotic) can be used 
to identify the optimal combination between the number of 
breeds existing in composite population for different pro-
duction systems. 

 
Based on the NABC system described above, ob-

jective is to investigate the breed proportions in composites 
that maximize the predicted merit of the next generation, 
when Montana sires (breed composition existents within 
composite population) are mated with F1 females (NxA, 
NxB and NxC). 

 
Materials and Methods 

 
A procedure is presented to optimize breed propor-

tions in composite populations. The present study research-
es the value of mate selection to exploit breed complemen-
tarity (breed additive differences) and heterosis to maxim-
ize total progeny merit in the next generation.  For this, 
derive the breed proportions in composite sires that maxim-
ize net merit when the proportion of specific breed F1 dam 
in the composite is constrained. 

 
From database 2006, breed composition, or pro-

portion of different breeds in each bull was calculated from 
the original pedigrees. The total of different genetic groups 
was 1,685 when all breeds and breed combinations were 
taken into account. 

 
In order to be able to create an optimal composi-

tion between a number of breeds, genetic effects (e.g. breed 
direct additive, maternal additive and heterotic) have been 
estimated from various crosses among biological types of 
the composite population. Crossbreding parameters were 
used, including both breed direct and maternal effects, and 
direct and maternal heterosis but ignoring epistasis. Both 



individual direct and maternal breed values were predicted 
by Mourão (2005) and mean breed values per group subse-
quently regressed on proportion of Nelore group. 

 
The net merit (aggregate value) of each individual 

(progeny) was computed for an index used as a criterion of 
selection in the breeding program. The selection index 
includes breed values for birth weight (BW), weaning 
weight adjusted to 205 days (WW), postweaning gain  
(WG), scrotal circumference (SC) and muscle score 
(MUSC), both adjusted to 390 days, and standardized. 
Index weights are as follows: Index = BW + 
3WW+4WG+SC+MUSC. 

 
Inferences regarding the choice of biological type 

combinations were conducted to top1% of the Montana 
bulls for the selection index and for each dam breed group 
evaluated. 

 
Results and Discussion 

 
Potential sires to mate with NxA female present 

medium to high fraction of B (37-75%) and mean fraction 
of A (25%), in the breed composition, producing progeny 
with a high percentage of the total heterozygosity (84-88 
%), especially for NXB and AxB.  

 
Gains of 0.43 kg 2.19 kg, 3.57 cm, 0.17 points and 

4.19 kg were obtained for the traits PNAS, PDES, PE, and 
MUSC respectively. 

 
Best 1% breed composition sire to mate NxA dams 

increased the net merit of progeny in 194% from average 
over all animals from desired mate selection of 6.98±4,28. 

 
For NxB dams, sires with breed composition of 

medium to high fraction of B (31-75%) and mean fraction 
of A (25%), including, in this case, some compositions with 
average C fraction (<50%), produce progeny of medium to 
high percentage of the total heterozygosity (61-88%), espe-
cially NXB and minor NXA and AxB. 

 
For traits PNAS, PDES, CE, and GP MUSC, the 

average aggregate values were 0.94 kg 15.28 kg, 3.99 cm, 
0.17 kg points and -2.34, respectively.  

 
Index for all animals evaluated was 2.88 ± 2.63, 

and progeny of the top1% sires x NxB dam interactions, 
leads to indices with a mean difference of 251% from the 
average. 

 
Breed composition of Montana sires in mating 

with NxC dams generate the compositions of medium to 
high fraction of B (25-75%) and the average fraction (12-
25%), including some compositions with average C fraction 
(<50 %). Among top 1%, total heterozygosity of the proge-
ny ranged from medium to high percentage (68-100%), 
with greater proportion of NXB and BxC. 

The aggregate genotypes for the traits were unfa-
vorable to PNAS and GP, with averages of 1.18 and -1.94 
kg, respectively, and favorable for PDES, CE and MUSC, 
with average estimates of 17.52 kg, 4.07 cm and 0.27 
points. 

 
Sires top 1% provided an increase of 362% on av-

erage in the progeny compared to average from progeny for 
all Montana sires, of 2.96 ± 3.69. 

 
The use of sire top 1% for breed composition pro-

vided an increase of 362% in the index from progeny com-
pared from average all Montana sires progeny, of 2.96 ± 
3.69. 

In general, for F1 dams the use of sires with breed 
composition the medium to high B fraction, and average A 
fraction, is beneficial and generates progeny with coeffi-
cients of total heterozygosity ranging from medium to high 
magnitude, with the largest proportion of NxB and at least, 
AxB and BxC. 

 
Aggregated genotype values for traits PDES, PE 

and MUSC presents favorable values for all evaluated ge-
netic groups of dams. For PNAS the aggregate values are 
unfavorable, however, of small magnitude. 

 
For the selection criteria established, some combi-

nations of breeds from the superior sires were coincident. In 
total 17 different breed compositions, 11 (65%) appear on 
top of the three groups of dam breed. These breed composi-
tion sire would be selected in any mate systems evaluated 
indicating high combining ability of these compositions. 

The degree of coincidence increases to 88%, ie 15 
of the 17 best sire breed combinations, for production sys-
tems using NxB and NxC females.  

 
It is emphasized that the aggregate values of the 

traits and index are the result of estimates of breed additive 
and non-additive effects used and of the weights of traits in 
the index. Changes in these effects in the population and 
alter the selection criteria, imply changes in the breed com-
position of sires. 

 
Table 1. Breed composition of sires and progeny result-
ing from mating with NxA dams, according to the 
NABC system, and the aggregate value of progeny by 
the selection index. 

Breed composition Total 
merit Sire Progeny 

N A B C N A B C Index& 
0 25 75 0 25 38 38 0 22.58 
0 25 73 1 25 38 37 1 22.14 
0 25 68 6 25 38 34 3 21.78 
0 25 62 12 25 38 31 6 21.35 
0 25 56 18 25 38 28 9 20.92 
0 25 50 25 25 38 25 13 20.78 
3 25 67 4 27 38 34 2 20.58 
3 25 65 6 27 38 33 3 20.44 



4 25 70 0 27 38 35 0 20.42 
4 25 67 3 27 38 34 2 20.20 
0 25 43 31 25 38 22 16 19.98 
3 25 60 10 27 38 30 5 19.78 
3 25 54 17 27 38 27 9 19.64 
6 18 56 18 28 34 28 9 19.56 
0 25 37 37 25 38 19 19 19.55 
6 25 68 0 28 38 34 0 19.52 
4 25 60 9 27 38 30 5 19.41 

&Total index - considered breed additive and heterotic ef-
fects 

 
 

Table 2. Breed composition of sires and progeny result-
ing from mating with NxB dams, according to the 
NABC system, and the aggregate value of progeny by 
the selection index. 

Breed composition Total 
merit Bull Progeny 

N A B C N A B C Index& 
0 25 75 0 25 13 63 0 10.92 
0 25 73 1 25 13 62 1 10.57 
0 25 68 6 25 13 59 3 10.47 
0 25 50 25 25 13 50 13 10.44 
0 25 62 12 25 13 56 6 10.36 
0 25 56 18 25 13 53 9 10.24 

12 12 50 25 31 6 50 13 10.05 
0 25 43 31 25 13 47 16 9.99 
6 18 56 18 28 9 53 9 9.97 

12 12 62 12 31 6 56 6 9.97 
0 25 25 50 25 13 38 25 9.96 
3 25 67 4 27 13 59 2 9.92 
0 25 37 37 25 13 44 19 9.88 
3 25 65 6 27 13 58 3 9.88 

12 12 56 18 31 6 53 9 9.85 
4 25 70 0 27 13 60 0 9.79 
0 25 31 43 25 13 41 22 9.76 

& Total index - considered breed additive and heterotic 
effects 
 
 
Table 3. Breed composition of sires and progeny result-
ing from mating with NxC dams, according to the 
NABC system, and the aggregate value of progeny by 
the selection index. 

Breed composition Total  
merit Bull Progeny 

N A B C N A B C Index&  
0 25 25 50 25 13 13 50 14.06 
0 25 31 43 25 13 16 47 13.80 
0 25 37 37 25 13 19 44 13.85 
0 25 43 31 25 13 22 41 13.90 
0 25 50 25 25 13 25 38 14.28 

  0 25 56 18 25 13 28 34 14.02 
0 25 62 12 25 13 31 31 14.07 
0 25 68 6 25 13 34 28 14.12 
0 25 73 1 25 13 37 26 14.16 
0 25 75 0 25 13 38 25 14.50 

3 25 54 17 27 13 27 34 13.07 
3 25 65 6 27 13 33 28 13.16 
3 25 67 4 27 13 34 27 13.18 
6 18 56 18 28 9 28 34 13.39 

12 12 25 50 31 6 13 50 12.92 
12 12 50 25 31 6 25 38 13.14 
12 12 62 12 31 6 31 31 12.92 

&Total index - considered breed additive and heterotic ef-
fects 

 
 

Conclusion 
 
The method for determining the optimal breed 

composition was easy to implement and responsive to the 
different simulated breed group. Additional studies, not 
only to implement the proposed procedure, but to evaluate 
other dam breed groups in different production systems, are 
necessary to the orientation of production systems using 
composite beef cattle breed. 
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