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ABSTRACT: Genetic parameters of milk yield test day 
(TD) records at three levels (low, medium and high) of so-
matic cell counts (SCC) were estimated using multiple-trait 
random regression animal model using 102,315 milk TD 
records from 11,455 primiparous cows collected from 158 
herds across different regions of Iran over a 9-year period 
(2002-2010) using Gibbs sampling. Predicted additive ge-
netic and permanent environmental variances were varied 
among SCC levels, indicating milk yield heritabilities varied 
at different SCC levels. Heritabilities decreased as SCC 
level increased, ranging from 0.08 to 0.34 for low level, 
0.06 to 0.30 for medium level, and 0.06 to 0.14 for high 
level. This study showed that it is possible to decompose a 
naturally single trait into different traits and improve the 
ability to model environmental effects and its possible inter-
action with genetic effects. 
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Introduction 
 
One of main concern of dairy cattle breeders is 

monitoring unfavorable effects of high intensity of selection 
for milk yield on other traits e.g. longevity, udder health 
(Short et al. 1991). Since the profitability of dairy cows is 
influenced by all traits of direct and indirect economic im-
portance, therefore monitoring and studying correlated traits 
are necessary over time and generations. Many studies have 
demonstrated the existence of unfavorable genetic correla-
tions between milk production with somatic cell counts 
(SCC) and mastitis in dairy cattle (Heringstad et al. 2000; 
Carlén et al. 2004). Reduction of milk yield due to udder 
diseases is of great concern in dairy farms (Heringstad et al. 
2000). Milk SCC has been used widely as an indirect pre-
dictor of udder health status in dairy cows (Rupp et al. 
2011). In a study using the first 3 lactations data of Swedish 
Holstein cows, genetic correlation between SCC and masti-
tis was 0.68 (Carlén et al. 2004). Range of unfavorable ef-
fects of increasing SCC on milk yield varies in different 
populations. For example, a reduction of 1.09 and 1.3 kg in 
milk yield by increasing SCC from 100 to 600 
(1000/milliliter) has been reported in France and Iranian 
Holstein dairy cattle, respectively (Hortet et al., 1999; 
Kheirabadi and Alijani, 2013). However a study by Hagnes-
tam-Nielsen et al. (2009) showed a reduction of 0.7 to 2 kg 
milk yield (3 to 9% of daily milk yield) when SCC in-
creased to 500 (1000/milliliter) in Swedish Holsteins. 
Therefore it is important to consider the difference between 

levels of SCC when genetic parameters of milk yield are 
estimated in population experiencing selection. However 
studies have considered the level of SCC in estimating ge-
netic parameters of milk yield are scarce. Therefore, the aim 
of this research is to estimate of genetic parameters for milk 
yield in primiparous Iranian Holstein cows by considering 
different levels of SCC using random regression. 
 

Materials and Methods 
Data 

 
Data comprised 102,315 milk test-day (TD) rec-

ords from 11,455 primiparous cows collected from 158 
herds of different regions of Iran. The records included only 
herds that were completely recorded for SCC as well. Data 
were restricted to cows calving from 2002 to 2010 that met 
the following requirements: 1) age at first calving between 
660 to 1000 d; 2) test days from 5 to 305 d; and 3) daily 
milk yield between 1 to 70 kg. Milk production records 
were included if there were at least 7 valid monthly tests, 
the first test was >60 d. SCC records outside the range 1000 
to 600000 cells/ml were discarded. Using SAS (version 
9.1), the mean of herd-year of calving (HY) milk yield were 
classified according to the three levels of SCC (103 
cells/ml): 1) when SCC less than 200, then SCC level = low; 
2) SCC level = medium when SCC between 200 to 400; and 
3) SCC level = high when SCC greater than 400. In order to 
reducing the predicted error, we only used daughter records 
of sires with 12 progenies or more. In finally, there were 
129 sires with at least 4 progenies in each of SCC levels. 

 
Cows were assigned to 1 of 12 subclasses for age-

season of calving. Four season (spring, summer, fall, and 
winter) and 3 subclasses for age at calving (<800 d, between 
800 to 900 d, and >900 d) were defined.  
 

Statistical Model 
 

Prediction of genetic (co)variance components and 
parameters were accomplished using multiple trait random 
regression animal model and Gibbs sampling using the 
BGF90 software (Misztal et al., 2002). A single Gibbs chain 
with 110,000 cycles with 10,000 initial cycles considered as 
warming up were discarded. The GLM procedure in SAS 
version 9.1 (SAS, 2003) was used to find the relevant model 
for genetic evaluation.  

 
Mohammadi (2012) was used as the base for se-

lecting Legendre function and its degrees for investigating 



milk yield, as such in the model orthogonal Legendre poly-
nomials of degree 2 and 5 were adopted for sub model ran-
dom regression for additive genetic and permanent effects, 
respectively. Heritability as function of days in milk (DIM) 
and calculation of correlations (either genetic or environ-
mental) were done based Jakobsen et al. (2002). 
 

Results and Discussion 
 

The slope of the milk yield is obviously affected by 
change in SCC level (see Table 1). Hence, it seems essential 
to model TD milk yield linked to different levels of SCC. 
Patterns of variance components across the lactation for 
milk yield at different levels of SCC are shown in Figure 1. 
For low and medium levels, the genetic variances increased 
as lactation progressed. But for high level this trend de-
creased from DIM 5 to DIM 160 and subsequently increased 
steadily during lactation period. The genetic curve variance 
for high level was typically U-shaped. This trend may be 
confirm existence of unfavorable environmental conditions 
such as sanitation weakness, ill-managed strategy “due to 
have a high genetic correlation between SCC and mastitis” 
(Carlén et al., 2004) and finally prevent cows from reaching 
their genetic potential. As expected, the permanent envi-
ronmental variance estimates were consistently larger than 
genetic estimates for all levels (see Fig. 1). Similar to previ-
ous studies (Kheirabadi et al., 2013b; Mohammadi 2012), 
permanent environmental variance initially decreased at the 
beginning of lactation (5 to 60 DIM), remained constant in 
the central period, and tended to increase at the end (after 
DIM 280). However, the rate of increase for high level of 
SCC was higher than other levels. Higher amount of perma-
nent environmental effect variance at the edges of lactation 
period could be due to existence of stressful situations in 
this time space and could be due to changing temporal envi-
ronmental effects. 

 
The difference in predicted heritability as a func-

tion of DIM for each level of SCC is showed in Figure 2. As 
the level increased, heritabilities decreased. They ranged 
from 0.08 to 0.34 for low level, 0.06 to 0.30 for medium 
level, and 0.06 to 0.14 for high level. Estimated genetic pa-
rameters for different levels of milk yield (e.g., Hill et al., 
1983; Van Vleck and Dong, 1988) determined that genetic 
components were larger for high production level. By using 
split production records from United States cows into three 
levels on the basis of mean milk yield of the herds, De Veer 
and Van Vleck (1987) showed that heritability increased as 
production level increased. Higher value of heritability in 
low SCC level (high level of milk production) has been re-
ported as better expression of real genetic potential of ani-
mals (Hill et al. 1983). The range of predicted heritability 
for Iranian Holstein of dairy cattle using multiple trait ran-
dom regression TD model was reported between 0.10 to 
0.21 (Kheirabadi et al., 2013). In an earlier investigation of 
individual TD milk yield as separate traits in a univariate 
analysis (Shadparvar and Yazdanshenas, 2005), heritabili-
ties varied from 0.11 to 0.16 in the first 4 tests but ranged 
from 0.17 to 0.19 for the remaining part of the lactation. 

These values have been lower than those for low and medi-
um level of SCC groups and higher than those for high level 
of SCC group in this study. The main interpretation for hav-
ing different values may be due using different models. 

 

 
 

 
 

Figure 1. Additive genetic (AG) and permanent envi-
ronmental (PE) variances of milk yield estimated for low 
(dashed line), medium (solid line), and high (dotted line) 
levels of SCC. 
 
 

 
 

Figure 2. Heritability of milk yield for low (dashed line), 
medium (solid line) and high (dotted line) levels of SCC 
as a function of days in milk (DIM). 
 



The estimated genetic correlation among TD rec-
ords were positive in all the cases (Fig. 3), with the excep-
tion of the two tails of production period for high level of 
SCC group, and it was higher than corresponding permanent 
environmental correlations. The highest values (close to 
unity) were observed between tests close to each other, and 
the lowest were between the initial (DIM 5) and final (DIM 
305) stages of the lactation, which were in good agreement 
with other studies (Jakobsen et al. 2002; Shadparvar and 
Yazdanshenas, 2005). The pattern of genetic correlations 
indicated that with increasing DIM distance from each oth-
er, the amount of this parameter is reduced. However, the 
rate of genetic correlation reduction among herds with dif-
ferent SCC levels was different. For herds with high level of 
SCC, this reduction was much sharper. For instance, the 
least genetic correlation for low and medium of SCC levels 
predicted 0.44 and 0.58 respectively, whereas, it is predicted 
0.10 for high SCC level. Jakobsen et al. (2002) reported 
smaller genetic correlations (>0.4) between milk at the most 
distant DIM, using random regression of fourth order for the 
additive genetic and permanent effects.  

 
The low genetic correlations for one naturally sin-

gle trait in different SCC levels (in different environmental 
conditions) may be considered as good indictor to run con-
text-specific breeding programs for different management 
and environmental conditions. In situations in which the 
environment condition is far away to be controlled by 
farmer, selection of those genotypes which fit well with the 
environment would help farmer out to overcome inconven-
ience situations. 
 

Conclusion 
 

In general, study suggests that predicted genetic 
correlations across different DIM were higher in the middle 
of lactation than at the beginning and end of lactation. 
Therefore, it is proposed that in order to improve prediction 
of genetic parameters and selection of animal with high fit-
ness with production environment, different levels of SCC 
in the company of other functional and non-functional traits 
should be considered. 
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