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INTRODUCTION
The selection index summarizes the breed-

ing value of a given individual in one score.

According to these scores, the breeders can

rank candidates for selection. An individual’s

phenotypic values (own-performance) are not

only the source of information for predicting

its breeding value but also reflects the perfor-

mance of its relatives such as full- and half -

sibs. Osborne (1957) described the proce-
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ABSTRACT

Carcass data are nowadays easy collected in routinely regime from Dutch slaughter

houses. The aim of this study was to develop a selection index for beef production

traits in a dairy cattle population based upon such data. Records during 10 years

(1995-2004) for body weights at 12 (w12), 18 (w18) months of age and four years

(2001-2004) for hot carcass weight (HCW) and lean weight (LW) at the experimental

farm of Faculty of Agriculture, Minufiya University were utilized to construct different

selection indices (general index, reduced indices, and sub-indices) by using multi-

source of information (W12 and W18 as an Own-performance traits ; LW and HCW as

a Paternal half-sibs traits) to improve some beef characteristics in Frisian bull calves.

The secondary objective is to evaluate and predict genetic parameter estimates of body

weights at 12, 18 months of age, HCW and LW. 

Overall means for the previous body weights were 291.97, 358.73, 283.54 and

215.09 kg respectively. Heritability estimates for the previous traits were 0.59, 0.71,

0.67 and 0.29, respectively. All estimates of genetic (rG) and phenotypic (rP) correla-

tions among different body weights were positive. Fifteen selection indices were con-

structed using four traits and two sources of information in different combinations,

own-performance for (w12), (w18) and Paternal half-sibs for (HCW) and (LW), indices

(I2), (I3) , (I5), (I6), (I9), (I10) and (I13) gave high (RIH) and (RE) values compare with gen-

eral index (I1). Therefore, it could be suggested that to use (I3) and (I1) to improve beef

traits in Friesian bull calves under the large scale because the highest values of except-

ed genetic change for lean weight as an economic target. 
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dures of ranking the individuals as per the in-

formation available on the individual itself

and its full- and half –sibs with respect to one

trait. Multiple trait selection indexes with

Multiple source of information is expected to

have the advantages of both methods de-

scribed above and using traits like carcass

traits in selection index for live animals. Lilje-

dahl et al., (1979) documented that similar

procedures could be used for selection of

more than one trait with more than one

source of information.

The use of information from relatives is

very  important  in  the application of selec-

tion index because the selected traits usually

have low heritabilities and the mean value of

relatives usually provides a more reliable

guide to breeding value than the individual’s

own phenotypic value (Falconer and  Mack-

ay, 1996).

 

Henningsson et al. (1986) reported that

live weight was the most important explanato-

ry factor for weight of carcass and muscle for

beef bull. Beef production traits used in ge-

netic evaluation in dairy sires varies widely

between countries. Lately some European

countries have started to use the routinely

collected data from slaughter houses on prog-

eny carcass in the genetic evaluation of dairy

bulls (Liinamo and Van Arendonk, 1999).

Growth in dairy cattle has not been studied

extensively, particularly the genetic compo-

nent of growth (Coffey et al., 2006). 

In Egypt beef production from dairy cattle

is obtained mainly from bull calves that

passed the veal stage in addition to young

and old cows or bulls culled from the breeding

stocks of dairy cattle herds after being fat-

tened (Farrag et al., 2001). Friesian cattle

are the most reputed dairy cattle in Egypt and

they are potential dual-purpose animals (Ab-

del-Glil and Elbanna, 2001).

In this study, we have not considered cor-

relations between dairy and beef-production

traits. Van Veldhuizen et al., (1991) found

for Dutch Red and White cattle correlations of

milk production traits with beef production to

be slightly positive but not significantly differ-

ent from zero. The latter had also been found

for Dutch Friesians (Van der Werf et al.,

1987). Therefore, we do not expect large

changes in our results if these correlations

would be taken into account.

Selection for many traits simultaneously

saves time and effort. Selection index was de-

veloped by Hazel and Lush (1942) and Hazel

(1943) as a method of selection for more than

one trait at the same time. This method helps

breeders to rank and evaluate the individuals

on their total breeding values by condensing

and summarizing the breeding values of the

different economic traits in one total score for

each one. 

Multiple trait selection requires the defini-

tion of a breeding goal including individual

traits weighted according to their relative con-

tribution to efficiency of production as ex-

pressed by economic values (Hazel, 1943).

The number of traits used to construct a se-

lection index depends mainly on the ultimate

breeder's goal.

The main objective of this study is to im-

prove beef characteristics by using different
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selection indices contains multi-source of in-

formation.

MATERIALS AND METHODS
Data used for this study obtained through

the period of 1995 to 2004 for body weights at

12, 18 months of age and for four years

(2001-2004) for hot carcass weight (HCW) and

lean weight (LW) around 24 months of age in

Friesian bull calves. Data collected from Ex-

perimental and Researches Unit of Animal

Production in Tokh Tanbisha, in the middle

Nile Delta, Egypt, which belong to Faculty of

Agriculture, Minufiya University. Calves were

produced mainly by artificial insemination

(imported frozen semen of Friesian sires) rath-

er than by natural service mating. Data con-

sisted of 1342,1066, 357 and 515 records of

body weights at 12, 18 months of age, HCW

and LW respectively of Friesian bull calves.

The management and rearing of these calves

were described by Ghoneim et al., (2006).

The genetic parameters were estimated by

derivative free REML with a simplex algorithm

using the Multiple Trait Derivative Free Re-

stricted Maximum Likelihood (MTDFREML)

programs of Boldman et al. (1995). 

The animal model in matrix notation was:

Y = Xb + Za + e

Where: Y= the vector of observations (body

weights at 12, 18, HCW, LW);

b= the vector of fixed effect (Year);

a= the vector of random additive ge-

netic direct effects;

X and Z=Known incidence matrices

relating observations to the re-

spective; 

e= fixed and random effects with Z

augmented  with  columns of

zeros for animals without

records; and the vector of resid-

ual effects. 

Selection Index Program (Wagenaar, et al.,

1995) and Matlab program (Matlab, 2002)

were used to set up and construct the selec-

tion indices. The four traits studied were used

in different combinations of relative sources of

information (W12 and W18 as an Own-

performance traits; LW and HCW as a Pater-

nal half-sib traits) to construct fifteen selec-

tion indices. 

 I =b1P1+ b2P2 + ... bn Pn = Σ       bi Pi

Where: I = selection index,  bi = index

weights for each trait in the index

           Pi= phenotypic measurement for each

trait in the index. 

The general index (Ig) was obtained in

terms of heritability, phenotypic and genetic

correlations among the studied traits by solv-

ing the following equations given in matrix ex-

pression according to Cunningham (1969):

Pb = GV    to give    b = P-1 GV

Where: P = Phenotypic variances and covari-

ances matrix. 

           G = Genetic variances and covariances

matrix. 

            V =  Economic weights column vector.

        b = Weighting factors column vector,

which is going to be solved.

Furthermore, according to Cunningham

(1969) the other different properties of the se-

lection index were calculated as following: 

The standard deviation of the index = σI =

√b'Pb

n
i=1
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The standard deviation of aggregate geno-

type = σT = √√'GV

The correlation between the index and the

aggregate genotype = RIH= σI/σT

The expected genetic change (∆G) for each

trait, after one generation of selection on the

index (i = 1) was obtained by solving either of

the following equations (Van der Werf, 2003):  

∆Gi= (i b' Gi)/σI.

Where: i = Selection differential in standard

deviation units. 

      σI  = Standard deviation of the index.

      Gi  = the ith column of the G matrix.

The reduce selection index can be devel-

oped by omitting one or more traits from the

original index. In relation to the original index

the efficiency of the new index, the reduced

index, is expected to decrease depending on

the value of the omitted trait in the original

index. The breeder can decide whether such

traits can be included or not in selection in-

dex to save time, cost and effort depending on

the relative importance of the omitted trait in

the original index and the value of including

such that trait in the index.

The relative efficiency or enhancing of each

trait in the general index can be calculated by

dropping this trait from the general index. The

efficiency of the new reduced index can be

compared with that of the general index by

using the following formula: 

∆TI/∆T=√ (B’SB/ b'Pb)

Where: B'SB is the reduced index variance

after dropping some sources of information

with new weighting factors (B) produced from

reduced matrix of phenotypic covariances (S).

Omitting one variant means that the reduced

index has no phenotypic information about

this trait and the variance of the aggregate

genotype is the same as for the general index

(v`Gv) before omitting due to including of all

variants in the aggregate genotype.

The relative economic values (V) of the

traits under study were calculated by estimat-

ing the expected change in the lean weight

(LW= 1.00) per kg as a marketing weight that

determine the profit depends on the change

one unit per kg in the trait (w12= 0.098,

w18=0.216 and HCW= 0.856) by using the re-

gression method. 

     

RESULTS AND DISCUSSIONS
Table (1) shows the overall means and

standard deviation of W12, W18, HCW and

LW. The yearling body weight obtained for

Friesian bull calves in the present study was

292 kg. However, yearling body weight in this

study is much lower than the estimates re-

ported by Nigm et al. (1984) for Friesian (315

kg) and much lower than the mean (376 kg)

reported by Nigm et al. (1995) for Charolais

X Friesian in Egypt. The same trend can be

seen when body weight at 18 month of age

were examined. The differences getting larger

between the present estimates and corre-

sponding estimates reviewed for the same

breed or for Holstein X Friesian in temperate

areas. These differences could be due to the

straight dairy breeding of Holstein and the

feeding practices followed for fattening bulls

in those commercial dairy farms. The overall

means of carcass and lean weights of were

283.54 and 215.09 kg, respectively which

seem to be equaled value with Apple et al.
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(1991) who reported that average of hot car-

cass weight was 289.5 + 8.75 kg at 485.7 kg

slaughter weight for Holstein steers but lower

value than 343 + 28.33 kg at 600 day of age

at slaughter of Friesian beef bulls (Van der

Werf, et al., 1987).

Estimates of heritability (h2) as well as ge-

netic (rG) and phenotypic (rP) correlations

among different body weight traits are pre-

sented in table (2). Heritability estimates for

body weights at 12 and 18 months of age

were 0.59 , respectively. The heritability esti-

mates, which reported in literature for both

traits were similar to those obtained in the

present study when compared with that re-

ported by Al-Amin (1979) 0.72; Meanwhile,

Abdel-Moez (1996) reported 0.30 in Holstein

for heritability estimates of body weight at 12

month of age. 

 In the present study, an estimate of herit-

ability for body weight at 18 months is 0.71.

Preston and Willis (1974) cited estimates of

heritability ranged from 0.12 to 1.00 for body

weight at 18 months for various breeds, while

the value of heritability was 0.70 for body

weight at 18 months as shown by Abdel-

Moez, (1996).

In  the  present  study,  an  estimate  of he-

ritability for HCW and LW were 0.67 and

0.29.  This  is  in  agreement  with  that re-

ported  by  Coffey et al. (2006)  (0.75 + 0.11),

from  Friesian  bull  calves  for  HCW  and re-

ported by Crews and Franke (1998) from

Brahman (0.28 - 0.57) for LW. These moder-

ate  to  high heritability estimates in this

study indicate the possibility of improving

growth performance of Friesian calves

through effective selection program.

Table (2) also presents phenotypic (above

diagonal) and genetic (below diagonal) correla-

tion coefficients among different weights of

body and carcass traits under study. Pheno-

typic and genetic correlations among traits

were positive and significant (Table 2). These

results are of practical significance in manag-

ing beef production projects.

General (Ig) and Reduced (RD) selection in-

dices are shown in table (3). The general index

(Ig) is considered as the main index due to its

properties, whereas this index is assumed to

contain all traits under selection program

without  any  reducing or restrictions. Fur-

thermore, the general index is used as a stan-

dard efficient index to determine the relative

efficiencies of the other types of selection indi-

ces. 

Fifteen selection indices were constructed

(Table 3). The original selection index (I1)

which included the four traits (body weights

at 12, 18 month of age, HCW and LW) was

suggested  to  be  used  for  improving  the ag-

gregate  genotype  of  four  traits,  while  the

reduced  indices  (I2 to I5)  included three

traits,  (I6 to I9) included  two  traits, while

the sub-indices  (I12 to I15) included only one

traits.  The  expected  genetic  change per

generation ( EG)  in  each trait (body weights

at 12, 18 month of  age, HCW and LW) as-

suming  the  selection  intensity  of 1.00 is

given in Table 3. The expected genetic change

per generation (EG) ranged between 25.13 to

26.59 kg for w12, 42.73 to 43.04 kg for w18,

14.45 to 35.65 kg for HCW and 4.84 to 14.51

kg for LW. The maximum genetic improve-
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ments in traits under study were achieved by

using the selection indices (I1, I2, I3, I5, I6, I9
and I13). 

The least accuracy (RIH =0.28 (I15) and

0.39 (I14) would result from any index ignor-

ing W12, W18 or both of them as an own-

performance. On the other hand, including

w12 and w18 from (I2) to (I10) increased the

accuracy (RIH) to value 0.92 at least, and

came to the efficiency of 93.88 at least, rela-

tively from the original index (I1). Shemeis et

al. (2006) working on Holstein cattle conclud-

ed that the selection indices which incorporat-

ed yearling body weight were high in RIH

(0.53 to 0.54). 

Furthermore, the selection indices (I2, I3,

I5, I6, I9 and I13) gave high (RIH) and (RE) val-

ues compared with general index (I1). There-

fore, it could be suggested that to use them to

improve beef traits in Friesian bull calves un-

der the large scale. 

The expected genetic gain after one genera-

tion through the general index (I1) will be (1)

increase in W12 by 25.07 kg, (2) increase in

W18 by 42.73 kg, (3) increase in HCW by

35.52 kg (4) increase in LW by 14.51kg. This

index is very simple and easy to construct,

therefore, its use is recommended for selec-

tion of beef characteristics in Friesian bull

calves 

CONCLUSION
Results show that we can use multi-source

of information to construct selection indices

especially to improve carcass traits in alive

animals of Friesian cattle by using paternal

half-sibs values as another source of informa-

tion in Egypt. The traits under study are high

heritable and the genetic correlations of

weights at 12, 18, HCW and LW are also gen-

erally favorable. Fifteen selection indices were

constructed, the selection indices (I2, I3, I5,

I6, I9 and I13) gave high (RIH) and (RE) values

compared with general index (I1). Therefore, it

could be suggested that to use them to im-

prove beef traits in Friesian bull calves under

the large scale. 
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Table 1: The overall means, standard deviations for body weights at 12, 18 month of
age, HCW and LW for Friesian bull calves.

Trait _ of animal Mean (kg) ± S.D (kg)

W12 1342 291.96 ± 34.78
W18 1291 358.73 ± 43.11
HCW 357 283.54 ± 44.00
LW 515 215.09 ± 33.79

Table 2: Heritabilities, genetic and phenotypic correlations for body weights at 12, 18
month of age, HCW and LW for Friesian bull calves.

Trait w12 W18 HCW LW
W12 0.59 0.83** 0.28* 0.15*
W18 0.97* 0.71 0.62** 0.55**
HCW 0.95*       0.99* 0.67 0.98**
LW 0.67**       0.76*       0.77* 0.29

Heritabilities are on the diagonal, Genetic Correlations (rg) below; Phenotypic Correlations (rp) are above the
diagonal.

Table (3) Selection indices for W12, W18, HCW and LW for Friesian bull calves.

Trait

Own-performance Paternal half-sibs
W12 W18 HCW LW

Selection
index

b1 EG b2 EG b3 EG b4 EG

RIH RE

I 1 -0.783 25.07 1.795 42.73 -0.304 35.52 0.554 14.51 0.98 100.00

I 2 -0.871 25.13 1.827 42.82 0.014 35.62 0.97 98.98
I 3 -0.842 25.11 1.799 42.79 0.158 14.33 0.97 98.98
I 4 2.003 26.54 -0.329 34.12 0.789 12.65 0.92 93.88

I 5 1.327 42.90 -0.363 35.52 0.664 14.17 0.97 98.98

I 6 -0.872 25.13 1.83 42.82 0.97 98.98
I 7 1.946 26.68 0.127 34.24 0.92 93.88

I 8 1.946 26.59 0.361 12.44 0.92 93.88
I 9 1.301 43.04 0.019 35.65 0.97 98.98
I 10 1.289 42.99 0.194 13.93 0.97 98.98
I 11 1.521 15.89 -0.934 4.84 0.40 40.82

I 12 1.987 26.71 0.92 93.88

I 13 1.305 43.04 0.97 98.98
I 14 1.011 14.45 0.39 39.80
I 15 1.152 5.84 0.28 28.57
V 0.098 0.216 0.856 1.00

Index weights for each trait in the index (bi), Expected genetic change per generation in each trait (EG), correlation of
index with aggregate genotype (RIH) and the efficiency (RE) of different indices relative to original index (I1),
Economic weights column vector (V).
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