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INTRODUCTION 
Cinta Senese is a breed of white belted pigs originated in Tuscany (Italy), near the town of 
Siena, where its presence is well documented since 14th century (Gandini et al., 2001). As 
many other local populations of farm animals, Cinta Senese has suffered a severe reduction in 
the past decades and, at present, is considered as an endangered breed by FAO. Economical 
survival of this breed depends on the use of its meat for typical, high quality and highly valued 
products, since its low productivity is not comparable with performances of improved breeds. 
In this situation, breeding strategies should be aimed first to contain inbreeding, then to 
improve reproductive performances, and last to achieve a better productivity. The objective of 
this study was to estimate genetic parameters for litter size at birth (LS) and number of 
functional teats (NFT) in Cinta Senese breed. 
 
MATERIAL AND METHODS 
Data source. Recent data on animals registered in the Herd Book of Cinta Senese pig breed 
from 1975 to 2001 were provided by ANAS (Italian Pig Breeders Association). Older data, 
from 1938 through 1966, disconnected from the previous data set, were also used in this study.  
 
Table 1. Description of the data set 1975-2001 
 
 Litter size Number of functional teats 
Animals 3666 3666 
Records 1192 3666 
Dams with records   598 - 
Mean            6.72           12.09 
Coeff. of variation (%)          34.42           10.19 
 
Statistical analyses. Variance components for litter size at birth (LS) and number of functional 
teats (NFT) were estimated by using Restricted Maximum Likelihood (REML) methodology 
applied to a single trait animal model (Boldman et al. 1995). 
Two different statistical models were used for the two traits. The model for LS included fixed 
effects of year, month, herd and, as covariates, age at parity of the sow (quadratic), inbreeding 
coefficients of sow (Fd) and litter (Fl) (linear). Random effects were additive genetic and 
common maternal effects. The model used for NFT included fixed effects of birth year and sex 
of the pig, and, as covariate, its inbreeding coefficient (Fl) as well as random effects of additive 
genetic and common maternal effects. 
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RESULTS AND DISCUSSION 
Figure 1 reports the distribution of the number of piglets per parity for 1192 registered parities.  
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Figure 1. Distribution of litter size (1975-2001) 
 
Frequency of functional teats in the more recent dataset is shown in Table 2. Probably due to a 
threshold value of ten functional teats for registration of the pig in the herdbook, the 
distribution appeared as slightly skewed (-0.075), with an average of 12.09 functional teats. 
Leptokurtosis, common in improved breeds for this trait (Clayton et al., 1981), was not evident 
in our data: this might be due both to the low threshold imposed and to the presence of extreme 
individuals that could play a positive role in selection. Comparison of these results with the 
data in the older dataset (11.47±1.05) shows that some improvement has occurred. 
 
Table 2. Distribution of the number of functional teats (NFT) in the present (1975-2001) 
and old (1938-1966) registered population 
 

 Animals (%) 
NFT (1975-2001) (1938-1966) 
10 13.34 22.22 
11 16.34 24.91 
12 33.22 41.76 
13 22.91 6.23 
14 13.78 4.88 
15 0.27 - 
16 0.14 - 

 
Estimates of variance components for LS and NFT are presented in Table 3. Estimated 
heritability for litter size was similar to those presented in previous works (Kaplon et al., 1991; 
Pérez Enciso and Gianola, 1992 ; Rodriguez et al., 1994 ; Hanenberg et al., 2001) whereas 
other Authors found slightly higher values (Southwood and Kennedy, 1990 ; Ferraz et al., 
1991, Rotschild and Bidanel, 1998). A low estimate was also obtained for repeatability (0.12) 
of LS, similar to those reported for Iberian pigs (Pérez Enciso and Gianola, 1992 ; Rodriguez et 
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al., 1994). These results, even considering the large standard errors of the estimates, seem to 
indicate that limited genetic gain in litter size can be expected for this breed.  
Heritability for NFT showed an intermediate level, similar to those reported by other Authors 
(McKay and Rahnefeld, 1990 ; Rydhmer, 2000), and common maternal effect is very small in 
this population and it does not differ from the values related by Zhang et al. (2000). These 
results show that effective selection for NFT is possible for Cinta Senese.  
 
Table 3. Estimates of variance components and genetic parameters for litter size at birth 
(LS) and for number of functional teats (NFT) 
 

 LS NFT 
σ2

a  0.235 0.503 
σ2

m  0.297 0.091 
σ2

e 3.875 0.969 
h2

a (±s.e.) 0.05 ± 0.05 0.32 ± 0.04 
m2 (±s.e.) 0.07 ± 0.05 0.06 ± 0.01 

A σ2
a = additive variance; σ2

m = common maternal variance; σ2
e = residual variance. 

 
Regression coefficients of the covariates Fd and Fl on LS and NFT are reported in Table 4. 
These results show a consistent negative effect of litter inbreeding on both LS and NFT, while 
dam inbreeding does not seem to affect litter size. Similar results for litter inbreeding are 
reported by Rodriguez et al. (1994) for a strain of Iberian pigs, but they also found a strong 
influence of dam inbreeding on LS, which is not confirmed in our study.  
 
Table 4. Effects of inbreeding on litter size at birth and number of functional teats  
 
 Dam Litter/Individual 
Inbreeding coefficient:   

Mean 0.129 0.151 
Range of variation 0.000-0.598 0.000-0.680 

Effect of 10% of inbreeding on:   
Litter size at birth (± s.e.) n.s.  - 0.163 ± 0.072 
Number of functional teats (± s.e.) - - 0.062 ± 0.024 

 
CONCLUSION 
These preliminary results show that exploitable additive genetic variance exists for NFT, while 
additive genetic variance for LS allows for limited genetic changes in Cinta Senese breed. 
Should these results be confirmed, specific mating strategies would be needed in order to 
reduce litter inbreeding and its negative effects on litter size. 
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