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Abstract: The study was conducted to estimate the Best Linear Unbiased Prediction (BLUP) breeding values of different
milk production traits for Holstein and its crossbreds and to construct an economic selection index or total merit for
individual cows from 2 different dairy farms in Chittagong, Bangladesh. The BLUP-estimated breeding values were
obtained by AIREML, and an economic selection index was constructed as the sum of the product of the estimated
breeding value with the economic value for each trait (lactation milk yield, calving interval, and liveweight). The
Holstein × Sahiwal crossbred showed better phenotypic performance in both farms while the same cows showed variable
performance when compared to each other. It can be postulated that comparatively better performance might be due
to good management and proper feeding, as well as the lactation stage and age of the cows. According to the economic
selection index value, the Holstein × Local scored higher when compared to other genotypes. Therefore, the selection of
cows of top index value would be beneficial for the production of offspring in the next generation.
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Introduction
The goal of animal breeding is to rank the animals
according to their genetic merit for the desired
characters and to use them efficiently in breeding.
Assessment of the true breeding value of an animal
is not possible without assessing the estimated
breeding values (EBVs), which are assumed to be the
true breeding value of an animal. Breeding values
of animals for different traits have been previously
estimated by Best Linear Unbiased Prediction
(BLUP) procedure, as outlined by Henderson (1).
The BLUP procedure using the Individual Animal
Model (IAM) has become the worldwide standard
for the prediction of breeding values of farm animals

(2,3). Parameters in a model of IAM can be estimated
using several methods, such as Least Square Methods
(LSM), Restricted Maximum Likelihood (REML),
and Best Linear Unbiased Predictions (BLUP). It
should be noted that both single- and multiple-trait
BLUP evaluations were used to evaluate the animals.
The multi-trait analysis involves the simultaneous
evaluation of animals for 2 or more traits and makes
use of the phenotypic and genotypic correlations.
BLUP EBVs is a widely accepted approach, which
increases the accuracy of estimation, that is, it
enables simultaneous estimation of genetic and
environmental effects (1,4,5). A number of modern
computer software programs, such as ASREML,
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AIREML, BreedPlan, and SAS, are available for the
estimation of BLUP EBVs.
Currently, there is no systematic genetic evaluation
programme operating in Bangladesh for effective
genetic improvement of dairy cattle. Selection is the
first attempt for improvement of the genetic make-up
of animals. However, estimation of the breeding value
for specific traits should be the priority for proper
selection of animals for further genetic improvement.
Keeping this view in mind, the current study was
conducted with the following objectives: (i) to study
the productive and reproductive performance of
Holstein and its crossbreds in Bangladesh; (ii) to
estimate the breeding values of economic importance
traits of Holstein and its crossbreds; and (iii) to
construct an economic selection index or total merit
for individual Holstein and its crossbred cows under
farm conditions.

Fi is the vector of fixed effects due to age of the
cows, farming, and breed groups; aj is a matrix
relating to breeding value of an animal, distributed
with mean 0 and variance σ2a, the genetic variance
for the observed traits; and e is the vector of error
terms, assumed NID (0, σ2e). In matrix notation the
above equation of animal model becomes:
Y = Xb + Zu + e
where Y is the vector of all observations; b is the vector
of fixed effects; u is the vector of breeding values of
the animals; and e is vector of residual effects.
X and Z are design matrices connecting to the
fixed and random effect, respectively.
For the (co)variance of Y the assumption is:
var(u) = G,
var(e) = R,
and

Materials and methods

cov(u,e) = 0

The study was conducted on the Holstein and
its crossbred cows from 2 different herds in the
Chittagong metropolitan area of Bangladesh from
July to December 2009. Data on various productive
and reproductive parameters were collected from the
records of the respective farms and also from direct
observation by the data collector. From the recorded
data the average and standard error of different traits
for all genotypes were estimated using PROC MIXED
of SAS (6), and the mean differences were compared
by the least significant difference test (LSD) (7).

which gives

BLUP estimated breeding values for the
different milk production traits
Estimated breeding values (EBVs) were obtained
from univariate and multivariate analysis by AIREML
based on Restricted Maximum Likelihood (REML)
and using the Average Information (AI) matrix as
second derivatives in a quasi-Newton procedure
(8). The individual animal model of analysis was
presented as:
Yij = Fi + aj + eij
where Yij is the traits yield;
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var(Y) = ZGZʹ + R
and for multivariate animal model
Var(a) = Aσa2,
Var(p) = Gσp2,
Var (e) = I σe2, and
Cov(u,p) = Cov(u,e) = Cov(p,e) = 0
which gives
var(Y) = ZAZʹ + WGWʹ +R
The mixed model equation (MME) for the
multivariate animal model became:
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Construction of economic selection index or
total merit
Khan (9) developed a linear profitability model
based on the relationship between average values
of marketable products (milk and meat), and the
expenses incurred in dairy production derived the
annual individual cow profit (P) from the differences
between income (I) and costs (C). The income was
estimated after running the base model, and the
economic value (EVs) of milk yield, liveweight, and
calving interval was obtained by re-running the
base model after changing 1 unit of each trait while
maintaining the other traits in the model at a constant
level. The estimated EVs are shown in Table1. The
economic selection index, animal genetics (breeding
value) with input costs and output prices to projected
profitability and values, is expressed in dollars. In
this study the economic selection index or total merit
value of the selection objective of milk production,
was calculated as the sum of the product of BLUPestimated breeding values with the economic value of
all traits (milk yield, liveweight, and calving interval).
An estimate of T (total merit) was calculated as:
Total merit (T) = aMYEBVMY + aCIEBVCI + aLwtEBVLwt
where EBVMY, EBVCI and EBVLwt are the estimated
breeding values for lactation milk yield, liveweight,
and calving interval and aMY, aCI and aLwt are the
respective economic values.

milk yield and total lactation milk yield of Holstein ×
Sahiwal crossbred was found to be higher than pure
Holstein and Holstein × Local crossbreds on both
farms (Table 2).
Estimated breeding values for the different
traits
The BLUP-estimated breeding values of lactation
milk yield, calving interval, and liveweight for
Holstein × Local and Holstein × Sahiwal breed
groups on farm 1 and 2 are presented in Table 3. Only
the top 5 ranked cows’ economic selection index or
total merit is shown in Table 3.
The estimated breeding values of lactation milk
yield, calving interval, and liveweight on farm 1
for Holstein × Local cows ranged from –414.7 to
160.53 kg, –3.93 to 3.82 days, and –15.92 to 15.96
kg, respectively. In the Holstein × Sahiwal genotype
the EBVs of lactation milk yield, calving interval, and
liveweight ranged from –119.87 to 164.53 kg, –6.88
to 0.99 days, and –27.92 to 4.03 kg, respectively. The
estimated breeding values of lactation milk yield,
calving interval, and liveweight on farm 2 for the
Holstein × Local genotype ranged from –228.93 to
119.87 kg, –4.92 to 9.40 days, and –19.93 to 38.12
kg, respectively. In the case of the Holstein × Sahiwal
genotype the estimated breeding values of lactation
milk yield, calving interval, and liveweight ranged
from –128.80 to 171.26 kg, –4.16 to 4.63 days, and
–16.88 to 18.76 kg, respectively.

Results

Economic selection index or total merit

Productive and reproductive performances of
different dairy cattle breed groups from 2 different
farms
The productive and reproductive performances
of different dairy breed groups from 2 different dairy
farms are presented in Table 2. The daily average

The economic selection index or total merit for
Holstein × Local on farms 1 and 2 ranged from US$–
111.68 to US$52.62 and US$–54.71 to US$106.86. For
Holstein × Sahiwal genotype total merit ranged from
US$1.28 to US$57.61 and US$–24.59 to US$77.53,
respectively (Table 3).

Table 1. The economic value (US$ per unit) of different traits (9).
Genotypes
Traits
Holstein × Sahiwal

Holstein × Local

Milk yield (kg)

0.32

0.32

Liveweight (kg)

-0.39

-0.27

Calving interval

-0.82

-1.32
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Table 2. Productive and reproductive performance of different dairy cows on different farms.

Traits

Farm 1

Farm 2

Genotypes

Genotypes

H

H×L

H×S

H

H×L

H×S

Lactation yield

1881a ± 56

2226b ± 85.6

2341b ± 74.1

2488c ± 49.4

2687d ± 74.1

3360k ± 60.5

Lactation length

295ab ± 0.93

298ab ± 1.11

301b ± 1.11

295ab ± 0.75

303b ± 1.24

292a ± 1.01

DAMY

6.4b ± 0.34

4.4a ± 0.40

6.6b ± 0.37

6.9b ± 0.27

8.9c ± 0.45

11.5d ± 0.37

Lwt

317a ± 5.06

357ab ± 6.62

308a ± 7.84

435c ± 5.28

366ab ± 8.8

350ab ± 7.2

Calving Interval

412 ± 4.27

407 ± 5.05

410 ± 4.61

411 ± 3.41

414 ± 5.65

409 ± 4.62

GP

272 ± 0.19

276 ± 0.22

276 ± 0.20

272 ± 0.15

275 ± 0.25

275 ± 0.20

SPC

1.43 ± 0.06

1.40 ± 0.07

1.50 ± 0.06

-

-

-

Productive performance

Reproductive performance

Legend: H = Holstein, S = Sahiwal, L = Local, DAMY = daily average milk yield, GP = gestation period, SPC = service per conception,
and Lwt = liveweight.

Discussion
Productive and reproductive performances of
different dairy cattle breed groups from 2 different
dairy farms
The daily average milk yield and total lactation
milk yield of Holstein × Sahiwal crossbred was
found to be higher than pure Holstein and Holstein
× Local crossbreds on both farms. Similar findings
were reported by Khan (9), Hossain (10), and Khan
and Khatun (11). In addition, many findings (12,13)
from tropical countries have also shown that the
first cross of temperate breeds with tropical breeds
produces more milk in a tropical environment. It was
also noted that on farm 2 all breed groups showed
comparatively better results than on farm 1. This
could be due to better management, proper feeding,
lactation stage of cows, location of the farms, etc. In
addition, the higher production could be due to the
effect of genotype × environment interactions on
a particular farm. The differences in lactation milk
production between breeds has been reported by
Fathi Nasri et al. (14); differences in milk production
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between breed groups, seasons, and management
systems have been reported by Val-Arreola et al. (15)
and Pérochon et al. (16).
There were no significant differences found
in service per conception, calving interval, and
gestation period between breed groups or farms.
However, significant differences were observed in the
liveweight of Holstein cows between farms. Higher
liveweight of cows could be attributed to differences
in management and feeding on the 2 farms. Khan (9)
reported similar findings regarding the liveweight of
Holstein genotypes.
Estimated breeding values for the different
traits
The breeding values of different traits were
estimated by using univariate and multivariate
individual animal models, and the EBVs obtained
were similar to the values obtained by Katkasame
et al. (17). However, the EBVs of milk yield were
higher than Buiyan et al. (18) and Khan (19), who
had previously estimated the breeding values of
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Table 3. Estimated breeding values for different traits and economic selection index of individual dairy cows of different dairy breed
groups on different farms.
Farm 1
CowID

H×L
LMY

CI

Lwt

H×S
EIndex

Rank

LMY

CI

Lwt

EIndex

Rank

10001

164.53

–1.95

–7.93

57.61

1

10002

162.03

0.62

2.52

52.35

2

10013

–119.87

–6.88

–27.92

23.14

4

10027

78.53

0.85

3.43

26.06

3

10047

63.52

0.85

3.43

21.26

5

20008

–102.19

–2.50

–10.13

–24.59

5

20020

171.26

2.96

12.01

66.18

3

20021

219.29

2.38

9.66

77.53

1

20022

–128.8

4.62

18.76

–13.44

4

20047

163.5

–4.16

–16.88

74.82

2

10003

160.53

–0.93

–3.77

52.62

1

10012

23.35

–0.18

–0.73

7.52

5

10019

96.22

2.71

11.00

41.44

2

10028

39.71

–3.93

–15.92

35.01

4

10044

113.66

0.96

3.88

37.70

3
Farm 2

20009

119.87

6.89

27.92

106.89

1

20010

121.45

–0.99

–4.03

40.29

5

20019

107.56

–4.92

–19.93

69.32

2

20023

134.02

9.43

–38.12

43.5

4

20024

49.69

5.63

22.81

61.66

3

Legend: H = Holstein, S = Sahiwal, L = Local, LMY = lactation milk yield, CI = calving interval,
Lwt = liveweight, and EIndex = economic index.

Red Chittagong Cows (a local breed available in
the Chittagong region of Bangladesh) for lactation
milk yield. The higher breeding values in the current
study might be due to heterosis effects among the
crossbreds. Similar effects were reported by Hossain
et al. (20) and Hirooka and Bhuiyan (21) for higher

EBVs of Holstein × Local crossbreds. Furthermore,
breeding values may differ on the basis of information
sources in an animal model and between selections
within breed. Ap Dewi et al. (22) and Khan et al.
(3) reported that similar factors are responsible for
breeding value differences.
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Economic selection index or total merit
The economic selection index of the selection
objective of milk production was calculated as the
sum of the product of BLUP-estimated breeding
values. The breeding values are weighted based on
the economic value of all traits, an approach that
is similar to the base selection index in literature
from the 1970s as well as Fernandez-Perea and
Alenda Jimenez (23) and Schneeberger et al. (24).
The Holstein × Local genotype scored higher on
farm 2 than farm 1. However, the Holstein × Sahiwal
genotype had similar scores at both farms. The
economic selection index, animal genetics, and the
input costs and output prices projected profitability
and represent a favorable combination of genetics
and economics (23). Therefore, individual cows
were ranked according to the economic selection
index or total merit, and the highest ranking cows
could be selected for the production of offspring.
Schneeberger et al. (23) and Miglior et al. (25) found
that a total economic merit index provided greater
economic returns for animal evaluation than a single
trait merit index.

This study indicates that the Holstein × Sahiwal
crossbred was the better of the 2 genotypes at both
farms. All genotypes performed comparatively better
on farm 2. The selection of cows based on the higher
economic selection index or total merit values would
be beneficial for the production of breeding bulls
and replacement females in Bangladesh. This study
will assist researchers, policy makers, and farmers in
planning further research and cattle rearing under
farming conditions in the country.
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