
Introduction

The Burlina is a local cattle breed reared in north-

east Italy, mainly for milk production. In 1930, its

population consisted of more than 15 000 heads,

but this number gradually decreased to 214 in the

early 1990s. Nowadays, about 375 cows are reared

in the country, particularly in Treviso and Vicenza

provinces (95% of animals; AIA 2008). His-

torically, Burlina milk is used to make a traditional

cheese called Morlacco, originating from the

mountainous area of Monte Grappa. The link be-

tween the breed, its environment and the product

is the main reason for addressing efforts towards

the safeguarding of this genetic resource. In fact,

since the 1980s a regional conservation

programme aiming to limit the reduction of its

population size has been employed (Bittante et al.

1992).

A recent comparison between Burlina and Ital-

ian Holstein Friesian cattle (Pretto et al. 2009) evi-

denced that the former yields 48% less milk on a

yearly basis, but with similar fat and protein con-

tents. This indicates that the native cow is not able

to compete with the more selected breed for pro-

duction. Anyway, the allelic frequency of B ê-ca-

sein variant is higher in milk from Burlina (Pacini

et al. 2008), as compared to Italian Holstein

Friesian cows (Comin et al. 2008). Since several

studies demonstrated the favourable effect of the

variant on the renneting properties of milk (e.g.

van den Berg et al. 1992; Mayer et al. 1997) and

cheese yield (e.g. Mariani et al. 1976; Mayer et al.

1997), this feature may increase the value of milk

from the local population. Also, Burlina largely

expressed better functional performance than the

conventional breed, with approximately 60 less

days open, 0.9 less services per pregnancy, and
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1.28 more lactations (Pretto et al. 2009). These as-

pects, along with the ability of the breed to exploit

pastures at risk of abandonment, would enhance

the interest from its rearing, particularly in mar-

ginal areas.

Dalvit et al. (2008) characterized the Burlina

cattle by using microsatellite markers, and re-

ported a low coefficient of inbreeding (< 1%) for

the breed. Despite this, those authors highlighted

the relevance of a constant monitoring of the ge-

netic variability within the population and the

need for further efforts aiming to improve the con-

servation programme. Also, the opportunity of us-

ing molecular information for the traceability of

specific products would be an option to enhance

its profitability for farmers (Dalvit et al. 2007).

Although the Burlina breed has been character-

ized from a molecular point of view, no studies are

currently available on the genetic variation of pro-

duction traits in this population. Hence, the objec-

tive of this study was to estimate the heritability of

and genetic correlations between milk yield, qual-

ity traits, and somatic cell score (SCS) in Burlina

cattle.

Materials and methods

Data and edits

Test-day records of milk yield, fat and protein

contents, and somatic cell count (SCC) were pro-

vided by the Breeders Association of Treviso

province (Treviso, Italy), designated by the Italian

Breeders Association (AIA, Rome) to manage the

Burlina herd-book. Cows were not imposed to

have first-lactation records to be included in the

study, but all 4 traits were required on each test

date. Data were edited as follows: for each lacta-

tion, the first test within the first 90 days in milk;

sample day between 5 and 390 days in milk; lacta-

tion from 1 to 8; daily milk yield between 1 and 38

kg; fat content between 2 and 6%; protein content

between 2 and 5%; and SCC between 1000 and

3 500 000 cells per mL of milk. Although informa-

tion on parity was given, reasonable ranges of age

at calving within a specific parity were defined as

follows: 20 to 40 months for lactation 1; 32 to 55

months for lactation 2; 46 to 70 months for lacta-

tion 3; 58 to 85 months for lactation 4; 70 to 100

months for lactation 5; 82 to 115 months for lacta-

tion 6; 94 to 130 months for lactation 7; and 106 to

145 months for lactation 8. Records falling outside

these intervals were removed from the dataset. For

each test day, values of SCC were log-transformed

to somatic cell score (SCS), to achieve normality

and homogeneity of variances according to the

formula by Ali and Shook (1980): [SCS =

log2(SCC/100 000) + 3]. Lactations with less than

3 tests were removed, as well as herd test dates

with less than 3 cows controlled. After the editing

procedure, 13 576 records from 666 cows milked

in 10 herds from June 1999 to August 2009 re-

mained for subsequent statistical analyses. The

number of animals and test-day records per lacta-

tion are reported in Table 1. On average, 7 tests

were available for each cow within parity, with a

minimum of 3 and a maximum of 13.

The number of animals in the additive relation-

ship matrix was 2200, and included all cows with

phenotypic record (N = 666) and their ancestors

without records up to 6 generations back. The

number of sires was 100 with an average of 7

daughters per sire. Both parents were known for

89% of the animals with records, only the sire or

dam were known for 9%, and both parents were

unknown for 2%. The pedigree file was supplied

by the Breeders Association of Treviso province

(Treviso, Italy).

Statistical model

Non-genetic effects to be included in mixed mod-

els for milk yield, fat and protein contents, and

SCS, were from preliminary analyses based on the

General Linear Model procedure of SAS (SAS

2004). For all traits, effects of herd test date (804

levels), days in milk (11 levels), and parity (8 lev-

els) were tested. Days in milk were grouped into

classes of 30 days each, except for the first and

last, which were classes of 25 and 90 days, respec-

tively.

(Co)variance components and related parame-

ters were estimated using a Bayesian approach and

Markov-chain Monte Carlo (MCMC) methods
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Table 1. Number of animals and test-day records

from lactation 1 through 8.

Lactation Cows Test days1

1 476 3342

2 414 2788

3 336 2271

4 258 1751

5 199 1348

6 137 894

7 106 702

8 74 480
1100% = 13 576 records



(Sorensen and Gianola 2002). Bivariate models

were fitted for all pairs of traits (i.e. milk yield, fat

percentage, protein percentage, and SCS). All the

traits were analyzed as continuous variables and

assumed to be sampled from the following

multivariate normal distribution:
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where y1 and y2 are vectors of phenotypic records

for traits 1 and 2, respectively; X, Z1 and Z2 are the

incidence matrices of systematic effects (i.e. herd

test date, days in milk, and parity) (b� =[b�1b�2])

permanent environmental (p�= [p�1p�2]), and addi-

tive genetic (a� = [a�1a�2]) effects, and R is a 2 × 2

matrix of residual (co)variances. In a Bayesian set-

ting, we assume that:

p(a � G) ~ N(0,A � G),

where G is the additive genetic (co)variance ma-

trix and A is the numerator of Wright’s relation-

ship matrix between individuals. In a similar way,

the permanent environmental effect, defined as the

overall effect across and within lactation, was as-

sumed to follow a bivariate normal distribution:

p(p � P) ~ N(0,I � P),

where P is the permanent environmental (co)vari-

ance matrix. Flat priors were assumed for system-

atic effects, as well as for G,P and R.

Gibbs sampler

Marginal posterior distributions of unknown pa-

rameters were estimated by performing numerical

integration by the Gibbs sampler (Gelfand and

Smith 1990), as implemented in the program TM

(http://snp.toulouse.inra.fr/~alegarra/) to obtain

autocorrelated samples from the joint posterior

distributions and subsequently from the marginal

posterior distributions of all of the unknowns in

the model. The lengths of the chain and burn-in

period were assessed by visual inspection of trace

plots, as well as by the diagnostic tests of Geweke

(1992) and Gelman and Rubin (1992). After a pre-

liminary run, we decided to run a single chain con-

sisting of 850 000 iterations and to discard the first

50 000 iterations as a very conservative burn-in.

Subsequently, one of every 200 successive sam-

ples was retained, in order to store draws that were

more loosely correlated. Thus, 4000 samples were

used to infer posterior distributions of unknown

parameters. Lower and upper bounds of symmet-

ric 95% probability density regions for h2, additive

genetic and permanent environmental variances

were obtained from the estimated marginal densi-

ties as well as the posterior probability for

h2 > 10%. The posterior median was used as a

point estimate of (co)variance components and re-

lated parameters. Autocorrelations between sam-

ples and estimates of Monte Carlo Standard Error

(Geyer 1992) were calculated.

Results and discussion

Mean and variation of traits

Descriptive statistics for the studied traits are re-

ported in Table 2. On average, Burlina cows

yielded 17.0 kg of milk per day and 358 000 cells

per mL. Fat and protein contents were 3.66 and

3.33%, respectively, and SCS averaged 3.56. So-

matic cell score and milk yield had the largest co-

efficients of variation (CV = 56 and 43%,

respectively), whereas fat and protein contents had

the smallest (CV = 16 and 12%, respectively). In

general, Burlina produced much less milk, as com-

pared to the specialized dairy breeds in Italy. Ac-

cording to AIA (2008), daily milk yield from

Italian Holstein Friesian and Brown Swiss cows

was 29.8 and 22.4 kg, respectively. When com-

pared to other alpine populations (e.g. Rendena

and Alpine Grey), Burlina exhibited similar levels

of production (AIA 2008). Fat and protein con-

tents were very close to the values reported by

AIA (2008) for Italian Holstein Friesian (3.64 and

3.30%, respectively), and lower than the values for

Italian Brown Swiss cows (3.95 and 3.50%, re-

spectively). Fat content was higher than and pro-

tein content equal to those for Rendena cattle (AIA

2008), a dual purpose local breed reared in north-

east Italy. Somatic cell score was higher in

Burlina than in Italian Holstein Friesian and

Brown Swiss cattle (Cassandro et al. 2008;
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Table 2. Descriptive statistics for milk yield, fat and

protein contents, somatic cell score (SCS), somatic cell

count (SCC), and days in milk.

Trait Mean CV (%) Mini-
mum

Maximum

Milk yield (kg/day) 17.00 43.0 1.9 38

Fat (%) 3.66 16.3 2.00 6.00

Protein (%) 3.33 11.7 2.13 5.00

SCS (units) 3.56 56.0 –3.64 8.13

SCC (103 cells mL–1) 358 150.8 1 3491

Days in milk 144 60.9 5 390

CV = coefficient of variation



Cecchinato et al. 2009). This indicates that the

rearing system of Burlina, mainly based on tradi-

tional management of animals and tie-stalls, has

an influence on the cell content of milk, compared

to the more intensive rearing system and

free-stalls adopted for the conventional breeds.

There is an important seasonality within the popu-

lation, with approximately 47% of births in au-

tumn (September to November) and 28% in winter

(December to February; data not shown). This is

of great relevance, as farmers exploit mountain

pastures during summer, i.e. when animals are in

the last part of their lactation and the feed require-

ments are covered by grazing.

All the non-genetic effects were statistically

significant (P < 0.001; Table 3), and hence were

retained in the genetic models. In particular, the

number of days in milk was the most important ex-

planatory variable for all traits followed by parity.

The proportion of variation explained by the fixed

effects model was higher for milk (R2 = 0.69) com-

pared to other traits (R2 = 0.33, 0.53, and 0.27 for

fat content, protein content, and SCS, respec-

tively; Table 3); the lowest value for SCS was ex-

pected, as this trait is determined by a multiplicity

of environmental factors difficult to be accounted

for.

Heritability

Figure 1 displays the trace plots and marginal pos-
terior densities of heritability for milk yield, fat
and protein contents, and SCS. The plots indicate
that the algorithm mixed well, in spite of differ-
ences among traits. In particular, the mixing of the
Gibbs sampler was slightly worse for SCS, com-
pared to milk yield as well as fat and protein con-
tents. Distributions seemed normal except for
SCS; the skewed densities for this trait reflect the
scant statistical information in the sample and the
low genetic variance of SCS.

Medians of the posterior densities of

heritability for milk yield and fat and protein con-

tents were 0.18, 0.28, and 0.35, respectively, while

Monte Carlo Standard Error ranged from 0.0007

to 0.001. The posterior probability of heritability

being larger than 0.10 was greater than 95% for all

the above traits (Table 4). Heritability for protein

content assessed by Cassandro et al. (2008) in the

Italian Holstein Friesian population was 0.30, very

close to the value for Burlina, while heritability for

fat content was higher (0.39) and for milk yield it

was lower (0.09) than our results. Samoré et al.

(2007) obtained similar heritability for protein

percentage (0.31) in Italian Brown Swiss dairy

cattle, but lower values for fat percentage (0.14)

and milk yield (0.10). In Dal Zotto et al. (2007),

heritability for milk production in first-parity Ital-

ian Brown Swiss cows (0.14) was comparable to

the value from our research.

Median of the marginal posterior density of

heritability for SCS was low and equal to 0.05,

with a 95% Bayesian credibility region ranging

from 0.01 to 0.11 (Table 4). Also the posterior

probability of heritability being greater than 0.10

was close to zero. Cassandro et al. (2008) esti-

mated a value of 0.07 in Italian Holstein Friesian

cows. Values of 0.07 and 0.06 were also reported

by Samoré et al. (2007) and Dal Zotto et al. (2007),

respectively, in Italian Brown Swiss population.

Only few studies dealt with genetic parameters

for traits of economic relevance in Italian local

cattle breeds. Recently, Samoré et al. (2009) used

test-day records to assess heritability for Bianca

Val Padana, a dairy cattle population reared in

north Italy; estimates were 0.19, 0.18, 0.35, and

0.22 for daily milk yield, fat content, protein con-

tent, and SCS, respectively. Test-day data were

also used to obtain heritability for milk yield

(0.21) and SCS (0.10) in Rendena breed (Guzzo et

al. 2009; Samoré et al. 2009).
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Table 3. Results from analysis of variance (F-values and significance) for milk yield (kg per day), fat and

protein contents (%), and somatic cell score (SCS, units)

Trait

Effect Df Milk yield Fat Protein SCS

Herd test date 803 20.74*** 5.05*** 6.74*** 3.49***

Days in milk 10 740.39*** 129.63*** 668.40*** 75.69***

Parity 7 220.54*** 15.13*** 23.76*** 64.72***

R2 0.69 0.33 0.53 0.27

RMSE 4.20 0.50 0.27 1.76

df = degrees of freedom, R2 = coefficient of determination, RMSE = root mean square error

*** P < 0.001



Genetic correlations

Marginal posterior medians of genetic correla-
tions between the traits were low and a 95%
Bayesian confidence region included zero, with
the exception of the estimate between fat and pro-
tein contents (Table 5). Marginal posterior distri-
butions were often asymmetric (results not
shown), so the highest posterior density (HPD) in-
tervals of 95% probability were used to describe
uncertainty. Genetic correlations had wider HPD

compared with heritabilities, so inferences from
Table 5 should be made with caution, even if trace
plots did not indicate any lack of convergence. Ge-
netic correlations between fat and protein contents
were very similar to those reported in previous
studies (Samoré et al. 2007; Cassandro et al.
2008), while estimates between milk yield and
milk contents largely differed, particularly from
those of Cassandro et al. (2008). Lastly, genetic
correlations between SCS and milk yield traits
were larger in absolute value than those reported
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Figure 1. Trace plot (left) and estimated marginal posterior density (right) of heritability for milk yield, fat and protein

contents, and somatic cell score (SCS).

Table 4. Estimates of heritability, additive genetic and permanent environmental variances of milk yield, fat and

protein contents, and somatic cell score (SCS).

Trait

Heritability (h2) Additive genetic
variance � �� a

2
Permanent environmental

variance � �� c

2

mediana MCse HPD 95% P (h2 > 0.10)b mediana MCse HPD 95% mediana MCse HPD 95%

Milk yield
(kg/day)

0.18 0.001 0.09–0.28 0.95 3.42 0.003 1.75–5.55 6.96 0.066 5.43–8.62

Fat (%) 0.28 0.0007 0.21–0.36 1.00 0.07 0.008 0.05–0.10 0.02 0.001 0.01–0.03

Protein (%) 0.35 0.001 0.25–0.49 1.00 0.03 0.0001 0.02–0.04 0.01 0.0001 0.01–0.02

SCS (units) 0.05 0.001 0.01–0.11 0.04 0.15 0.003 0.02–0.35 0.73 0.003 0.56–0.89

a median of the marginal posterior density
b posterior probability for values of h2 > 0.10

MCse = Monte Carlo standard error

HPD95% = highest posterior density of 95%.



by Samoré et al. (2007), and between SCS and
milk production were lower in absolute value than
the estimates by Cassandro et al. (2008).

Conclusions

Our results suggest that genetic variability of milk

production and quality exists in Burlina cattle

breed, while it is notably low for SCS. These find-

ings are the first step of a broader project aiming to

increase the value of this local genetic resource. In

particular, estimates of genetic parameters will be

used to predict breeding values for the set of ana-

lysed traits. Then, estimated breeding values will

be combined with average relationship among se-

lected animals to optimise the balance between ge-

netic response and inbreeding by using the tool of

optimal genetic contribution selection proposed

by several authors (e.g. Brisbane and Gibson

1995; Meuwissen and Sonesson 1998; Sørensen et

al. 2008). Hence, particular attention will be paid

to the control of the rate of inbreeding and genetic

variability within the population.
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