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Statistical Genetic Studies on Cattle Breeding for Dairy Productivity in
Bangladesh: |. Genetic Improvement for Milk Performance of
Local Cattle Populations
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ABSTRACT : Genetic parameters for dairy performance traits were estimated, breeding values for the traits of all breeding sires and
cows were predicted and the genetic trends were estimated using the breeding values m the Central Cattle Breeding Station (CCBS). A
total of 3.801 records for Bangladeshi Local, 736 records for Red Sindhi and 939 records for Saluwal covering the period from 1961 to
1997 were used in this analyvsis. Traits considered were total milk production per lactation (TLP), lactation length (LL) and daily milk
vield (DMY). The genetic parameters were estimated by the REML using MTDFREML program. The breeding values were predicted
by a best linear unbiased prediction (BLUP). In all sets of data, the genetic trends for the dairy performance traits were computed as
averages of breeding values for cows born in the particular vear. The estimates of hertability for TLP (0.26 and 0.27) and DMY (0.28
and 0.27) were moderate in Bangladeshi local and Red Sindhi breed, respectively. Furthermore, the heritability estimate for LL (0.24)
was moderate in Red Sindhi. The estimates of heritabilities for all traits were low in Sahiwal. The repeatability estimate was high for
TLP. moderate for LL and mederate to lugh for DMY. All variances estimated i Bangladeshi Local were low, comparing the respective
values estimated in both Red Sindlu and Sahiwal. On the other hand, additive genetic variances for the three traits were estimated very
low in Sahiwal. The genetic trends for the three dairv production traits have not been positive except for the recent trend in Bangladeshi

Local. (dsian-Aust J. Anim. Sci. 2002, Vol 15, No. 5. 627-632)
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INTRODUCTION

The population of cattle in Bangladesh is about
23 million (Directorate of Livestock Services. 1994).
Bangladeshi Local cattle are small and horned and are used
for ploughing in Bangladesh. Their production level is low
even under good dietarv, management and environmental
conditions. In 1936. a thousand pure Hariana bulls were
imported from India for upgrading the local cattle through
natural services. Sahiwal and Red Sindhi bulls were
imported from Pakistan in 1950 for the improvement of
Bangladeshi Local breed through artificial insemination. In
1973. Fresian and Jersevy cows were imported from
Australia. Deep-frozen semen of Sahiwal bulls was
imported from Kenva. At present time, the cattle of
Bangladesh are composed of 22.75 million pure breeds and
0.25 million crossbreds.

In general. two breeding strategies are available for
improvement of cattle. ie., selection breeding within a
breed and crossbreeding among breeds (Falconer and
Mackev. 1996). In Bangladesh, pure breeds such as
Bangladeshi Local. Red Sindhi. Sahiwal and cross-breds
among various breeds are mixed at the present time. It is
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important which breeding strategy for dairy cattle is more
appropriate not only in Bangladesh but also in developing
countries in a simnilar situation.

Whether the dairy performance can be improved by
selection breeding enough to attain the need of people must
be evaluated. Firstly, it is needed how the production traits
measured under a certain condition are heritable. Estimation
of genetic parameters for the production traits in foreign
countries have been reported by many researchers (Afifi et
al. 1992: Alba and Kennedy. 1985. 1994: Ahlborn and
Dempfle. 1992: Brotherstone and Hill. 1994: Bhatnagar et
al.. 1983: Pundir and Raheja. 1994; Visscher and Goddard.
1995 Mever. 1984, 1985, Katoch and Yadav. 1990;
Campos et al., 1994). Secondly the existence of the
genetically superior animals is important to attain the goal.
Finally. the actual genetic trend in the particular herd should
be traced periodically.

The aobjectives of this study are to estimate genetic
parameters for the dairy performance traits. to predict
breeding values for the traits of all breeding sires and cows
used in the Central Cattle Breeding Station (CCBS) and to
estimate the genetic trends for the traits of the local cattle
populations.

MATERIALS AND METHODS

Central cattle breeding station (CCBS)
The CCBS is operated under the oversight of the
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Ministry of Livestock and Fisheries, Peoples Republic of
Bangladesh. for improvement of the breeding cattle.

Crossbreeding experiments of cattle have been carried
out at the CCBS since 1961. The experimental animals were
divided into 8 pure breeds. namely Bangladeshi Local (L).
Sahiwal (S). Saluwal Kenvan (SK). Red Sindhi (R).
Friesian (F), Holstein-Friesian (H), Jersev (J). Tharparker
(T). and their various crosses. A total of 14.512 records
were collected covering the period from 1961 to 1997,

The information on cows has been recorded in the same
format from the establishment of CCBS. The first lot of
earmark numbers from 1 to 9,999 was finished by August
26. 1983, The second lot of earmark numbers again started
from 1 to 9.999 on August 27. 1983. This problem was
solved by converting the pedigree information into another
unique ID number system.

Standard conditions of feeding and management
practices were adopted for all animals. The feeding and
management system in the CCBS is as uniform as possible

throughout the vear. Concentrate feeds are given twice a day.

in the morning before milking and in the evening. according
to their body requirements as per recommendation of
Directorate of Livestock Services. Concentrate feeds
include wheat bran. till oil cake. rice polish, khesheri and
salt. The green grasses like para. napier. maize. oats efc. are
supplied on the basis of vear round availability. The cows
were milked twice daily. early morning and afternoon. using
hand-milking for low vielding cows and machine milking
for high vielding cow.

Data

Records on productive performance of local cows kept
at the CCBS, Dhaka, were used for this studv. The data
selected for this analysis were composed of 3.801 records
for Bangladeshi Local breed. 736 records for Red Sindhi
and 959 records for Sahiwal breed covering the period from
1961 through 1997. Production traits considered were (1)
total milk production per lactation (TLP); (2) lactation
length (LL) and daily milk vield (DMY).

Four seasons were defined as L:Summer (March to
May), 2:Rainy Summer (June to August). 3:Autumn
(September to November) and 4:Winter (December to
February). Fifteen parity classes consisted of the 15
lactation numbers. Thirty-seven vears classes were 1:1961
through 37:1997.

Estimation of genetic parameters by MTDFREML

The analvtical model included the effects of parity.
calving vear, and calving season as fixed effects, and cow
included as a random effect. The following statistical model
was used for the estimation of genetic parameters for
production traits;
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Yikta =P NS Hartrtesin,
where. Y, is an observed trait for the ijkim™ record: u is
the population mean: P, is the fixed effect of the i® parity:
Nj is the fixed effect of the j* calving vear; S is the fixed
effect of the k™ season; a, is the additive genetic effect of
the 1"cow: 1, is the permanent environmental effect of the
1" cow and €jum Is the random environmental effect.
Variance components for the dairy production traits were
estimated by Multiple Trait Derivative-Free Restricted
Maximum Likelihood computer program denoted as
MTDFREML written by Boldman et al. (1993).

The estimates of variance components with
MTDFREML using single trait approach were investigated.
In all sets of data. the initial values were set to 1.00 for
genetic variance (67,). 0.50 for uncorrelated random
variance (o7,) and 1.00 for environmental variance (G~.).
The estimates were obtained considering pedigree
information traced back to generation two from the
experimental cows which was used in setting up the
numerator relationship matrix. It was suggested that the
unbiased estimate of the base population would be obtained
using the pedigree information traced. back to the
generation (Moriva et al., 1994). The convergence criterion
value for variance of the log likelihood function was
initially set to 1.0 E-5. Several cold starts were made to
avoid estimated parameter’s value stopping at a local
maximum of the likelihood function. For each cold start,
solutions at convergence of previous run were used as
initial values. When converged parameter value was the
same as initial value under convergence criterion value of
L.0E-5. then convergence criterion was changed to 1.0 E-8.
Cold start was repeated in the same wav until final
convergence was attained.

The breeding values for all animals included in the
analyzed data were predicted by the best linear unbiased
prediction (BLUP) using MTDFREML program (Boldman
et al.. 1993). In all sets of data, the genetic trends for the
dairy performance traits were estimated by averaging of
breeding values for cows born in the particular year
(Henderson, 1973).

RESULTS AND DISCUSSION

Means and their standard deviations for TLP. LL and
DMY analyzed in this study are shown in table | for
Bangladeshi Local breed. Red Sindhi and Sahiwal breed.
The mean LLs of Sahiwal and Red Sindhi breeds were
longer by about 40 days than that of Bangladeshi Local
breed. However, the former is shorter than those of exotic
breeds. LL for Friesian was reported as 332 to 342 dayvs in
Egypt under farm conditions (Afifi et al. 1992). LL for
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Table 1. Mean and standard deviation (S.D.) of three dairy production traits for Bangladeshi Local. Red Sindhi and

Sahiwal cattle raised in CCBS during 1961 to 1997

) Statistics
Breed Trait N Mean SD.
TLP (kg) 3.801 661.1 3531
Bangladeshi Local LL (days) 3.801 249 95
DMY (kg/day) 3.801 2.57 0.89
TLP (kg) 756 10234 537.8
Red Sindhi LL (days) 756 287 103
DMY (kg/day) 756 3.49 1.30
TLP (kg) 959 10310 545.5
Sahiwal LL (days) 959 288 107
DMY (kg/day) 959 3.47 37.80

TLP: total milk production per lactation; LL: lactation length; DMY: daily milk vield; N: number of records.

Holstein was reported as 313 days in Korea (Moon, 1994).
The mean TLPs of Red Sindhi and Sahiwal breeds were
50% more than that of Bangladeshi Local breed. However.
the former was much lower than those of exotic dairy
breeds. TLP for Friesian raised in Egypt was reported to be
2,460 kg to 2.922 kg under farm conditions (Afifi et al..
1992) and 2.778 kg for Holstein-Friesian raised in New
Zealand (Ahlborn and Dempfle, 1992). TLP for Jersey
breed in New Zealand was 2.217 kg (Ahlborn and Dempfle.
1992). TLP for Holstein was 9,000 kg in Japan (Hasegawa
et al.. 1993), and 3.948 kg to 6.242 kg in Korea (Moon,
1994). Average DMY of Red Sindhi and Sahiwal breeds
were higher than that for Bangladeshi Local breed but much
lower than those for Holstein which were 188 kgto 21.9 kg
in Korea (Moon. 1994). 30 kg in Japan (Hasegawa et al..
1993) and 31.9 kg in Florida of USA (Martin et al., 1986).
Estimates of population parameters for TLP. LL and
DMY are presented in table 2 for Bangladeshi Local. Red
Sindhi and Sahiwal breeds. Heritability for TLP was very
low in Sahiwal breed but moderate in Bangladeshi Local
and Red Sindhi breeds. Heritability estimates for TLP
obtained in this study correspond to lower edge of the range
of estimates reported for other populations by many

researchers: 0.28 to 0.49 for Holstein Friesian (Ahlborn and
Dempfle. 1992: Campos et al.. 1994. Short and Lawlor.
1992: Lee et al., 1992: Chauhan and Hayves, 1991. Rege.
1991; Akbas et al.. 1993 and Pander et al.. 1992). 0.26 to
032 for Jersey (Campos et al. 1994: Ahlborn and
Hohenboken. 1991). 0.27 to 040 for Sahiwal (Rege et al..
1992). 0.40 to 0.52 for Pinzgauer (Soliman et al.. 1990):
020 to 028 for Australian dairy cattle (Visscher and
Goddard, 19935).

The heritability estimates for LL were low to moderate.
which seems to be the same as reported values: 0.067 to
0.23 Sahiwal (Yadev et al., 1992. Gandhi and Gummam,
1988. Khanna et al.. 1980). 0.08 to 0.19 for Friesian
(Khattab and Sultan, 1990: Oferrall, 1990). 0.11 to (.24 for
Hariana (Kumar et al.. 1992: Khanna et al., 1980). 0.30 for
Gir (Shaha and Khan. 1987). 0.06 for Holstein (Abubakar et
al.. 1986) and 0.03 to 0.39 for Tharparkar (Basu et al.,
1982 Bhat et al., 1980).

The estimate of heritability for DMY is 0.28 for
Bangladeshi Local, 0.27 for Red Sindli and 0.02 for
Saliwal. The heritability estimate of 0.314 was reported for
FriesianxSahiwal cows (Singh et al.. 1989). and was 0.11 to
1.58 for Tharparker cattle (Tangja and Bhatnagar. 1985; Rao

Table 2. Estimates of heritabilities (Iv). repeatabilities (r), additive genetic (& ). permanent environmental (o),
environmental (& -,) and phenotypic (& 3,.) variances for three dairy production traits of Bangladeshi Local. Red Sindhi

and Sahiwal cattle raised in Bangladesh from 1961 to 1997

Breeds Trait 'y T o, (o g, e
TLP 0.26 0.44 29.903.4 21.007.7 65.349.7 116.260.8
Bangladeshi Local LL 0.06 0.26 549.2 1.742.1 6,363.5 8,634.9
DMY 0.28 0.38 0.19 0.07 0.43 0.69
TLP 0.27 0.42 78.704 4 45.435.7 171.240.4 295.380.5
Red Sindhi LL 0.24 0.23 2,606.8 116.8 7.938.3 10,661.8
DMY 0.27 0.38 0.44 0.17 0.99 1.60
TLP 0.02 0.36 5.070.1 99.344.9 188.178.0 292.593.0
Sahiwal LL 0.10 0.22 1,054 .4 1.293.9 8,079.7 10,428.0
DMY 0.02 0.24 0.04 0.36 1.25 1.66

TLP: total milk production per lactation; LL: lactation length; DMY: daily milk vield.
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and Dommerholt. 1981).

A certain level of heritability and an sufficient genetic
variation for the target trait are needed so that the
population mean can be improved by selection breeding.
The adopted breeding plan is sure to affect the genetic gain.
The estimates of heritability for TLP (0.26 and 0.27) and
DMY (0.28 and 0.27) were moderate in Bangladeshi Local
and Red Sindhi breed. respectively. Furthermore. the
heritability estimate for LL (0.24) was moderate in Red
Sindhi. The results indicate that genetic improvement of
these traits can be achieved through selection breeding in
these breeds.

The repeatability estimates for TLP were high and
similar to the values reported in the literature: 0.32 to 0.54
for Japanese Holstein (Suzuki and Van Vleck. 1994), 0.43
for Friesian-Harana (Kaushik et al.. 1984). 0.335 for Brown
Swiss-Hariana (Kaushik et al. 1984). 0.39 for Jersey-
Hariana (Kaushik et al.. 1984). 0.49 for Jersey (Shah and
Singh. 1984). 0.44 for Milking Criollos (Alba and Kennedy'.
1994) and 0.46 for Red Kandhari (Dhumal et al., 1993).

The repeatability estimates for LL were moderate in this
study. The estimates of repeatability for LL reported in the
literature were 0.15 for Pitangueiras cows (Lobo et al.
1980). 0.34 for Gir cattle (Magnabosco et al., 1993), 0.18
for Purebred Gir cows (Souza et al.. 1995) and 0.22 for high
grade Gir cows (Souza et al.. 1995).

The repeatability estimates for DMY were moderate to
high in this study but lower than the estimates reported in
the literature; 0.338 for Red Kandhari (Dhumal et al.. 1993)
and 0.43 for Gir cattle (Magnabosco et al.. 1993).

About the estimates of variances. all variances estimated
in Bangladeshi Local seem to be low. comparing the
respective values estimated in both Red Sindhi and Sahiwal.
On the other hand. additive genetic variances for the three
traits were estimated to be very low in Sahiwal.

Enough variation for a trait in the population is needed
so that the level for the trait can be changed along the
breeding objective. Although the variation can be estimated
by the additive genetic variance. the size was expressed
visually as a range of predicted breeding values for TLP. LL
and DMY of Bangladeshi Local. Red Sindhi and Sahiwal
breeds as shown in table 3. The maximum predicted
breeding value of Red Sindhi was the largest for TLP. LL
and DMY. but they were still only 491.3 kg. 88 days and
1.49 kg/day. respectively. As the population mean for TLP
was 1.023 kg (table 1). the mean of the next generation is
expected theoretically to become about 1.300 kg
(=1,023+491).

The genetic trends among Bangladeshi Local, Red
Sindhi and Sahiwal breeds are presented in figure 1 for
TLP: figure 2 for LL and figure 3 for DMY. The genetic
trends in Bangladeshi Local breed showed almost all the
same pattern for the three traits. The levels were static until
1970. but decreased after that time. However, the genetic
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Table 3. Range of predicted breeding values for three dairy
production traits of sires and cows in Bangladeshi Local.
Red Sindhi and Sahiwal cattle raised in Bangladesh from
1961 to 1997

Range of predicted breeding

Traits Breeds value
Maximum Minimum
Bangladeshi 1846 2612
Local
TLP Red Sindhi 491.3 -410.5
Sahiwal 40.1 -29.6
Bangladeshi 31 2%
Local
LL Red Sindhu 88 -94
Saluwal 51 =33
Bangladeshi 119 083
Local
DMY Red Sindhi 149 -1.00
Sahiwal 0.12 -0.14

TLP: total milk production per lactation, LL:
DMY: daily milk vield.

lactation length:

—a—] . 0cal
R34 Sindhi
—*—Sahiwal

Average of breeding values 1 kg
o
o
S

Birth year

Figure 1. Genetic trends for TLP of Bangladeshi Local.
Red Sindhi and Sahiwal breeds raised in Bangladesh from
1961 to 1997.
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Figure 2. Genetic trends for LL of Bangladeshi Local, Red
Sindhi and Sahiwal breeds raised in Bangladesh from 1961
to 1997,
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Figure 3, Genetic trends for DMY of Bangladeshi Local.
Red Sindhi and Sahiwal breeds raised in Bangladesh from
1961 to 1997.

trends became positive after around 1983. On the other
hand. the genetic levels of Red Sindhi and Sahiwal breeds
fluctuated randomly with a decreasing trend in recent years.

When the selection breeding is considered. another
important point is whether enough genetic variation for the
trait to attain the breeding goal exists or not in the
population. The average LL of Red Sindhi was 287 days
and maximum breeding value predicted in the breed was 88
davs. These values indicate that LL of Red Sindhi can be
improved by selection to the same level as that of the exotic
breeds. Although there exist a big genetic varation,
however. the levels of either TLP or DMY seem to be
difficult to attain the goal. as both the population levels and
the predicted breeding values of animals which would have
highest genetic dairy performance were too low though
their heritabilities were not low.

As a conclusion. a certain level of production will be
attained in both Red Sindhi and Bangladeshi Local by
selection within each breed. but the level seems not to be
satisfactory for the demand of people in Bangladesh.
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