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INTRODUCTION 
The majority of studies on inbreeding depression on performance of dairy cows is based 
essentially on research conducted on north American and Canadian cattle populations. For this 
reason it is important to determine the effects of inbreeding depression in other Holstein 
populations to compare them with the existing literature as well as to inform the breeders with 
results coming from the animals they are actually rearing. The objective of this study was to 
assess the effect of inbreeding on production, reproduction and some other functional traits 
included in the national selection index in the Italian Holstein. 
 
MATERIAL AND METHODS 
Data source and inbreeding estimation. Historical pedigree and production data from the 
Italian Holstein Breeder Association were used. Firstly, individual inbreeding coefficients for 
the 9,852,526 animals in the pedigree were computed using the program PEDIG by Boichard. 
The computation relied upon VanRaden’s method (1992). Subsequently inbreeding values and 
production data were collated. Production data consisted of 3,699,511 305-day first lactation 
records. According to the methodology described by Miglior (1994) only unselected cows with 
inbreeding coefficients ≥ 6.25% and all their herd-year-season contemporaries were used. 
Records were pre-adjusted for the interaction of age of cow at calving by month, parity and 
region of calving. Only cows with complete records on milk, fat and protein were used for the 
analysis. Subsets were formed to include cows with SCS, cows calving a second time to 
generate a first calving interval and days open, and cows with linear type traits classification. 
Table 1 shows the number of cows and herds of each data set along with means and standard 
deviations of the inbreeding coefficients. 
 
Table 1. N° of cows, herds and characterisation of inbreeding in data sets created to study 
specific variables 
 
 Inbreeding (%) 
Trait 

Cows Herds 
X   SD 

ME milk,  fat & protein 271234 3968 2.42 2.77 
Age at first calving 271234 3968 2.42 2.77 
First calving interval 170395 3870 2.41 2.77 
Days Open 170395 3870 2.41 2.77 
SCS 119622 2042 2.74 2.34 
Type traits 59149 2562 2.47 2.35 
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Estimation of inbreeding depression. The effects of inbreeding were estimated with a fixed 
model using the PROC GLM of SAS®. The model included the fixed effect of herd-year-
season of first calving for milk, fat, protein, age at first calving, first calving interval, days open 
and SCS (geometric mean). The model for type traits included the fixed effect of herd-year-
date of classification. Inbreeding was accounted for by inclusion of a linear regression on 
inbreeding coefficients. A second fixed model was used for age at first calving only, including  
the linear and quadratic regression on inbreeding coefficients.  
 
RESULTS AND DISCUSSION 
Means, standard deviations, R-square, level of significance and inbreeding depression for the 
analysed traits are in table 2 
 
Table 2. Means, standard deviations and fixed model analysis of inbreeding depression 
per 1% increase in inbreeding for production, reproduction and functional traits 
 

 Means  Fixed model analysis 

Trait X  SD  R2 P Inbreeding  
depression SE 

First lactation ME milk, kg 9410 2333  0.67 0.0001 -21.6 1.13 
First lactation ME fat, kg 329 84  0.66 0.0001 -0.84 0.041 
First lactation ME protein, kg 294 75  0.72 0.0001 -0.66 0.033 
SCS A 2.50 1.52  0.24 0.0003 0.0070 0.002 

 0.44B 0.0101B -0.14B 0.06B 
 0.45C 0.0001C -0.9C 0.11C 

Age at first calving, d 834 92 

  0.0001C 0.05C 0.007C 
First calving interval, d 411 78  0.39 0.0003 0.24 0.07 
Days Open, d 144 90  0.35 0.0001 0.31 0.06 
Final score 79.8 2.3  0.35 0.8090 0.001 0.004 
Rear leg - side view 27.3 5.7  0.31 0.0045 0.032 0.01 
rear leg - rear view 24.5 6.5  0.37 0.0482 -0.04 0.02 
feet & legs functionality 23.0 6.1  0.34 0.1266 -0.03 0-02 
hoof depth 25.1 5.9  0.35 0.2846 -0.01 0.01 
Fore udder attachment 23.9 6.1  0.31 0.065 0.022 0.01 
Rear udder height 25.0 5.9  0.35 0.0013 0.04 0.01 
ligament 27.8 6.1  0.32 0.0002 0.04 0.01 
Udder depth 27.7 6.9  0.33 0.0001 0.06 0.01 
Teats placement 24.5 5.9  0.28 0.0033 0.04 0.01 
A Geometric mean. B linear regression. C linear and quadratic regression 
 
Estimates of inbreeding depression on mature equivalent production for first lactation are in 
agreement with the ones obtained from Holstein population by Miglior (1994), Wiggans et al. 
(1995) and Smith et al. (1998). On average the production of an Italian Holstein cow was 
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depressed for each 1% increase of inbreeding by approximately 21.6 kg of milk, .84 kg of fat 
and .66 of protein for a 305-d lactation. SCS increased by 0.007 units per percentage 
inbreeding, confirming the results obtained by Miglior (1994). In spite of the low absolute 
value increase, these results support the hypothesis that, on average, inbreeding reduces animal 
fitness as stated by Falconer (1989). Reproductive traits were influenced by inbreeding too. 
Findings for first calving interval (+.24 d) and for days open (+.31 d) confirm the detrimental 
effect of inbreeding on reproductive traits observed on Holstein by Smith et al. (1998). Age at 
first calving estimate suggests a reduction in this trait as inbreeding increases (-.14 d), even if 
the effect was slightly significant (p < 0.05) . If compared with the literature this result is more 
controversial. It agrees with the one obtained by Hermas et al. (1987) for Guernsey breed, who 
observed a reduction on age at first calving as inbreeding increases but it’s opposite to results 
reported by Smith et al. (1998) and Thompson et al. (2000), both relating older ages at calving 
with greater levels of inbreeding. However the latter authors reported also a non-linear effect of 
inbreeding on age at first calving, with a lowest age associated with intermediate levels of 
inbreeding (< 7 %). In the present study the mean inbreeding value was 2.42 ± 2.77 and this 
could be one of the reasons for the negative relationship between age at first calving and 
inbreeding level found. The use of a linear and quadratic regression on the data confirms the 
hypothesis suggested by Thompson et al. (2000), with older ages at calving associated with 
greater levels of inbreeding. The plot of the quadratic regression of age at first calving on 
inbreeding is shown in figure 1. 
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Figure 1. Quadratic regression of age at first calving (days) on inbreeding 
 
 Effects of inbreeding on type traits were minimal and agree well with the ones reported by 
Smith et al. (2000), based on a larger number of records (792,598 vs 59,149). Udder traits 
seem to be more affected by inbreeding.  
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CONCLUSION 
Findings for inbreeding depression both on production and reproduction traits for Italian 
Holstein agree with results obtained from studies on other Holstein populations. A simple fixed 
model was used for the analysis, supporting the hypothesis by Miglior (1994), that if the 
purpose of the research is only the estimation of inbreeding depression, simple models are able 
to supply good and reliable estimates. Based on the controversial results obtained and on the 
importance of reproductive traits on the breeder’s revenue, the effects of inbreeding on these 
traits should require in-depth research. In this case the use of a random regression model may 
help to better assess the effect of inbreeding on reproduction performance of the cow. 
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