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ABSTRACT
Inbreeding is defined as the probability that two alleles at any locus are identical by descent and
occur when related individuals are mated to each other. A total of 123427, 115810 and 88361
records of 412-d yields of milk, fat and protein of Iraqi Holstein cows were collected from 1995 to
2010 in 838 herds used to estimation the inbreeding depression and inbreeding trend. Pedigree
records of Iraqi Holstein cow were used to assessment inbreeding coefficients and these
coefficients ranged from 0 to 42%. Animal model was used to estimation inbreeding depression on
traits. Fixed effects included in statistical model were herd – year, age at calving and inbreeding
coefficient as continuous and discrete variable. When considering inbreeding as continuous
variable in model, the inbreeding depression for 412-d yields of milk, fat and protein were -28.19, 0.98 and -0.88 kg per 1% increase in inbreeding in Iraqi Holsteins, respectively. In this group of
animal that inbreeding coefficient was between 0 < F ≤ 5.34 inbreeding was not caused reduction
in production traits. However, in group of animal that inbreeding coefficient was greater than 5.34,
and inbreeding depression in production traits was observed. The result of this study confirms of
inbreeding depression in Iraqi Holstein cows.
_____________________________________________________________________________________________________
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marketplace, relative net income adjusted for
opportunity cost was decreased by $15.78 for a
fluid market and $13.23 for manufacturing pricing
system per 1.5% increase in inbreeding [15].
Croquet and coauthor have also reported a
reduction in lifetime economic profitability
associated with an increase in inbreeding in the
Holstein breed in the Walloon region of Belgium
[16]. The increase in inbreeding in dairy cattle
was mainly due to widespread use of certain
sires through reproductive technologies such as
artificial insemination. The rate of inbreeding was
estimated at 0.17% per year in this study; which
was the highest rate of inbreeding among the
four South African dairy cattle breeds studied
[17,18]. Weller and Ezra reported a similar rate of
inbreeding of 0.18% per year for Israeli Holstein
cows [19]. The rate of inbreeding for the South
African Jersey population is considerably lower
than the rate of 0.21% per year reported for the
U.S. Jersey population [20]. In a population
undergoing selection, effects of inbreeding on
performance depend on the rate of inbreeding,
selection pressure, and mean production levels
for traits under consideration. In small
populations inbreeding depression is one of the
farmers concerns. Inbreeding has harmful effects
on reproductive traits in addition to the
production traits, udder health and calving,
fertility and affects survival [21,22]. The purpose
of the present study was to investigation the
trend of average inbreeding and estimation the
effect of inbreeding on 412-d yield of milk, fat and
protein via the first lactation records of Iraqi
Holstein cows.

1. INTRODUCTION
Inbreeding is defined as the probability that two
alleles at any locus are identical by descent and
occur when related individuals are mated to each
other [1]. The initial consequence of inbreeding is
inbreeding depression, which reduces the
performance of growth, production, health,
fertility and survival traits. This concern has
become more serious in present day animal
breeding, in which selection responses are
maximized by the use of animal model best
linear unbiased predictors (BLUP) of breeding
value. The use of these breeding values alone
may result in more closely related selection
candidates preferred for selection, with increased
levels of inbreeding since they share most of
their familial information [2]. The practical
importance
of
inbreeding
in
livestock
improvement programs is two-fold. Firstly,
inbreeding reduces the additive genetic diversity
in the population, which negatively effect on the
prospects for long-term genetic response to
selection. Secondly, inbreeding decreases mean
phenotypic performance particularly for those
traits that are related to fitness [3,4]. Milk yield,
fat and protein are the most important traits in
dairy cattle breeding programs, and genetic
improvement and high economic value due to
interest are livestock breeders [5].
In most dairy cattle breeding programs and
selection has concentrated mainly on increasing
milk [6]. The best animals build up in pedigrees
so that today it is almost unfeasible in a given
dairy cattle breed to find animals without multiple
genetic ties to certain individuals. Therefore, the
probability of mating relatives and generating
inbred offspring is increased [7]. Probability, 2
alleles at any locus are identical by descent as
inbreeding [8]. Inbreeding will occur when related
animal are mating with each other. The
consequence
of
inbreeding
is
reduces
heterozygosis that can caused the reduction in
mean of phenotypic traits that is referred to as
inbreeding depression. Inbreeding also reduces
additive
genetic
variance
within
lines
[9,10,11,12,13]. This phenomenon is called
inbreeding depression. The effect of inbreeding
on performance is of particular interest in the
dairy cattle industry where the typical production
animal is a purebred. An raise in inbreeding in
dairy cattle has been shown to be associated
with major economic losses in the form of
reduced lifetime performance [14]. In the U.S.

2. MATERIALS AND METHODS
2.1 Data Structure
The current study was done in from spring to
autumn 2018 Department of Animal Science,
College of Agriculture, Garmian University, Kalar,
As Sulaymaniyah, KRG of Iraq. The used data
were collected by dairy producers according to
procedure of Animal Breeding Center of As
Sulaymaniyah, KRG of Iraq. In order to
estimation the inbreeding trend and inbreeding
depression on production traits, 123427, 115810
and 88361 records of 412-d yields of milk, fat
and protein of Iraqi Holstein cows were collected
from 1995 to 2010 in 838 herds in Iraqi. Cow’s
age at first calving were required to be between
from 22 to 42 month, and 412-d yields of milk
ranged from 1995 to 15340 kg. Also, fat and
2
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protein yield was between 48 to 500 kg and 58 to
460 kg, respectively.

structure, Ie is identity matrix with orders of N

2

2

a and
e are
(number of records) and
additive genetic variance and residual variance,
respectively.

2.2 Studied Traits
In this study, data covered assessment of
inbreeding trend and inbreeding depression on
production traits such as protein, milk and fat in
Iraqi Holstein Cows.

Data were subjected to standard statistical
analysis using SPSS software and linear
regressing analysis was made by keeping the
inbreeding trend as the dependent variable and
inbreeding depression as independent variables.

2.3 Statistical Analysis

Model was fitted for inbreeding trend as the
dependent
variable
(1)
and
inbreeding
depression as independent variable:

The inbreeding coefficient for each animal in the
pedigree was calculated using CFC described by
Sargholzaei et al. [23]. Investigated of fixed and
random effects for traits of protein, milk, and fat
for cattle breeding and inbreeding using GLM
(Generalized Linear Models) procedure of SAS
(9.1) software. Estimation of genetic parameters,
inbreeding trend and depression were obtained
using ASREML software [24]. Variance
components were estimated by considering and
not considering inbreeding coefficient as
continuous variable in model.

(1) Yinmljk = μ + Hn + YEk + b1 Agei + b2 Fm
+ aL + eijnmk
(2) yijkml = μ + Hn + YEk + b1 Agei + Fm + aL
+ eijkml
Where Yijklm and yijkml are represents the
dependent and independent variable, μ is overall
mean of traits, Hn represent the fixed effect of
th
the n herd, YEk represent the fixed effect of the
th
k birth year, Agei represent for fixed effect of
the ith age of calving, Fm represent for mth
inbreeding coefficient, b1and b2 victor of fixed
regression coefficients for age of calving and
inbreeding coefficient associate to traits, aL
th
represent the random effect of the a animals,
eijkm and eijnmk are the residual effects.

The following model was fitted for data:
Y = X β + Za + e
Here: y, is vector of observations; β, is vector of
fixed effects including herd (727), year (1984),
age at calving (20 to 40 month) and inbreeding
coefficient (as continuous and discrete variable);
When considering inbreeding coefficient as
discrete variable animal were group according to
their inbreeding coefficient as follow: F = 0, 0 < F
≤ 6.25, 6.25 < F ≤ 12.5, 12.5 < F ≤ 18.5  وF >
18.5% [25], a, is vector of random effects; e, is
vector of random residual effects; X and Z are
incidence matrices relating observations to fixed
and random effects, respectively.

3. RESULTS
3.1 Descriptive Statistics
In present study, Descriptive statistics for
analysis data were used and presented in
Table 1.

3.2 Estimated of Fixed Effect in Module

It is assumed that additive genetic effects and
residual effects are normally distributed with

2

Calving year; in this study results showed
that
age
of
calving
has
significant
different (P<0/0001) on the milk, fat and protein
(Fig. 1).

2

mean zero and variance A a and Ie e ,
respectively, where: A is additive numerator
relationship matrix obtained from pedigree

Table 1. Descriptive statistics including number of records maximum, minimum and mean for
different traits including: Milk production, fat and protein
Trait
Milk production(kg)
Fat (kg)
Protein (kg)

No. of records
123427
115810
88361

Minimum
1995
48
58

3

Maximum
15340
500
460

Mean
8312
251
239
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Fig. 1. Least squares means (LS mean) of different levels of protein, milk and fat (Calving year)

Fig. 2. Least squares means (LS mean) of different levels of protein, milk and fat
(Month of calving)
Month of calving: our results showed that month
of calving have significant different on the milk
and fat (P<0/0001) but did not any significant
different on the protein (P>0/0001), (Fig. 2). As
shown in Fig. 2, least squares mean was higher
milk yield and fat for autumn calves the
compared to summer calves. But, least square
mean for protein show that winter calves
produced higher protein as compared to spring
calves.

Inbreeding coefficient range was from 0 to 19.
The distribution of animal in inbreeding
class were F = 0, 0 < F ≤ 5.34, 5.34< F ≤ 11.5,
11.5 < F ≤ 19 and F > 19%, respectively
(Table 2). In continue our result showed
that effect of inbreeding have significant
different
on
milk
production
and
fat
trait both (P<0/0001) but did not any
significant different on protein trait (P>0/0001)
(Fig. 3).
4
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Table 2. The inbreeding depression (F) in the case of grouped traits of inbreeding
Inbreeding groping
0< F ≤ 5.34
5.34 < F ≤ 11.5
11.5 < F ≤ 19
F > 19

Traits
Fat (kg)
+0.566719±1.28
-5.43008±2.87
-11.0012±2.99
-7.99919±2.95

Milk(kg)
+28.1±1.28
-114.263±2.33
-160.958±3.11
-291.122±2.95

Protein (kg)
+1.993241±2.90
-3.20081±1.20
-6.91998±2.15
-4.97625±1.96

Fig. 3. Least squares means (LS mean) of different levels of inbreeding in the fat, milk
production and protein
Table 3. Genetic parameters for milk, fat and protein
Traits

Model

Milk

1
2
1
2
1
2

Fat
Protin

h2
398493
401508
450.778
503.689
350.133
351.232

1122790
1100112
150011
1411.31
1150.11
1113.65

1399879
13987156
1743.120
1901.362
1403.361
1412.546

0.311332
0.30023
0.249845
0.241235
0.239865
0.247861

obtained in model 1 is somewhat greater
than ones obtained in model 2, but In
general differences in variance component and
heritability obtained based on model 1 and model
2 were negligible (Table 3).

3.3 Estimation of Variance Component
and Effect of Inbreeding
To evaluation the effect of including inbreeding
on genetic parameter estimation of production
traits two models were examined: model 1
including inbreeding coefficient as continuous
variable in model and model 2 without including
inbreeding coefficient in model.

Model 1: With regard to inbreeding for
continuously variable, Mode 2: regardless of
kinship in the model.
: additive genetic
variance, : residual variance , : Phenotypic
variance, h2 heritability, b2: regression coefficient
of inbreeding).

Estimated variance components and heritability
of production traits based on models 1
and 2 are presented in Table 3. Additive genetic

5
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Fig. 4. The 0.055 percent of inbreeding in sexual intercourse in the formula (F
F = (-0.000044 +
0.00055x)) is estimated
The 0.055 percent of inbreeding in sexual
intercourse in the formula F = -0.000044 +
0.00055x)) is shown in Fig. 4.

things: first, the results of first step indicate that
the parents of animal have few common
ancestors
ors and farmer avoided mating close
relative animal. The results of second step
showed incomplete pedigree information in Iraqi
Holstein population. In this study, pedigree
information was available up to seven
generation. The incomplete pedigree informati
information
could not be the reason of low average of
inbreeding coefficient.

4. DISCUSSION
A few studies have been reported the effect of
year, month of calving, herd on the traits
production in Iraqi. First time, our study show that
thesis effects had significant different on traits
production (P<0/0001) (Fig. 1). But Month of
calving showed that did not any significant
different on the protein (P>0/0001) (Fig.
(Fig 2). Also,
the phenotypic process the show that there is
significant different between of fat and milk but
show not significant different on the protein
(P>0/0001). This result of my study indicates of
the additive genetics and use of bull’s semen that
have high
igh breeding value for milk. Recently, Van
Wyk and co-author
author reported that use of bull’s
semen cause improvement genetics industry of
dairy farms [25]. Rokouei et al. reported
monitoring inbreeding trends and inbreeding
depression for economically traits of
o Holstein
cattle in Iran. But, not reported the estimation of
inbreeding and inbreeding depression on trait
production [24].

4.1 Fixed Effects on Milk Yield,
Yield Fat and
Protein
The results of our study showed that the effects
of herd, year of calving, calving season and
inbreeding grouped for two traits and milk fat
content are significant. These results are
agreement
with
obtained
results
by
Nyamushamba et al. [27] and Khanzadeh and
co-author
author [28]. The fixed effect of inbreeding
grouped on protein yield was not significant,
when inbreeding coefficient as continuous
variable
the
regression
coefficient
was
significant. In order to, reported that, Effects of
factors (calving year, calving
alving age, and parity and
calving season) on 412-days
days milk yield have
been differenced significant [29]. Also, Hamidi et
al. [28] reported that the effect of year and
season of calving and parity have significant
(P<0.001). As well as, recently have been
showed that calving year on dry period were
statistically significant (P<0.001) [29,30], but in
our study not reported the same results.

Inbreeding coefficient range was from 0 to 19. A
similar result was reported by Maiwashe et al.
[26]. Most portions of animals were
ere belonging to
19 inbreeding class. Low average of inbreeding
coefficient belonging to a group. Animal to two
first inbreeding coefficients represents two
6

Moradpour and Hamidi; AJB2T, 5(4): 1-9, 2019; Article no.AJB2T.51509

inbreeding could not change the rank of animal in
genetic evolution of production traits in Iraqi
Holstein cow. Genetic parameters for milk, fat
and protein presented in Table 3. My research is
agreement with Rokouei et al. [24]. To increase
genetic variance (1.33, 1.45, 1.72 percent for
milk, fat and protein), residual variance (0.55, 0.
41, 0.52 percent for milk, fat and protein) and
heritability (1.13, 1.32, 1.17 percent for milk, fat
and protein), respectively. Obtained heritability
for milk, fat and protein were 28%, 24%, 25%
that these results were similar to ones obtained
by Ravagnolo and Misztal [36].

4.2 Effect of Inbreeding on Production
Traits
Estimation of the effect of inbreeding group on
production traits are expressed as deviation from
non-inbreed animal (group F=0). In this study,
inbreeding group had negative effect on
production tait for group of animal that had
inbreeding coefficient more than 5.34. Animal in
second inbreeding group (0 < F ≤ 5.34) produce
28.1, 0.566 and 1.99 kg milk, fat and protein
more than non- inbreed animal. Reduction in milk
production was high for F>19 but for fat and
protein yield most reduction occurred for 11.5 < F
≤ 19 group this can be because of unbalanced
distribution of record among inbreeding group.
Similar results were reported by Sewalem et al.
[31] and Hudson and Van Vleck [32]. When
considering inbreeding as continuous variable in
model, the inbreeding depression for 412-d
yields of milk, fat and protein were -28.19, -0.98,
-0.88 kg per 1% increase in inbreeding in Iraqi
Holsteins, respectively. Szyda et al. [33] reported
that 1% increase in inbreeding coursed reduction
about 37 kg of milk, 1.2 kg of fat and 1.2 kg of
protein in Holstein cow. Thompson [34] showen
in Holstein cow inbreeding depression for milk
production was 35 kg. These results for
inbreeding depression was greater than obtained
in current study and obtained results by Rokouei
et al. [24] is agreement with result of our study.

5. CONCLUSION
In finally, the results of my study showed that the
major sources of variation in milk production,
lactation length and dry period are genotype,
environment and the interaction between the
them. The influence of environmental factors on
dairy production has been well documented. The
present results suggested that milk yield, protein
and fat were related to effects herd, month and
year of calving since, the effect of herd, year and
month calving milk yield, fat and protein that the
effect of these factors were significant (P<0.001).
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