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SHORT COMMUNICATION

Animal welfare and reproductive performance in two Piemontese housing
systems
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ABSTRACT
Tie-stall and loose housing are the main housing systems adopted in Piemontese cattle farms in
Piedmont Region (North Western Italy). In this study, we used the ANI35/L2000 index to assess
the cattle welfare in both types of housing systems, by studying 56 farms. Within each housing
system, farms were classified as 'low', 'sufficient' or 'good' welfare farms, according to the score
obtained, and this score was associated with reproductive parameters of cows. A higher welfare
score was obtained in loose housing farms. Calving intervals and annual calf to cow ratio
showed significantly better values in the loose housing system compared to tie stalls. Within tie
stalls system, better reproductive performance has been recorded in farms with a higher welfare
classification.
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Introduction and materials and methods

Italy is one of the main European beef cattle producer
countries, with more of 130,000 beef cattle farms,
about 12,000 of which located in North Western Italy.

Loose-housing and more commonly tie-stalls are
the main housing systems adopted in Piemontese cat-
tle farms. Producers adopting only tie-stall barns are
often traditional, small family farms, characterised by
scarce productivity-enhancing technologies. Tie stalls
system is criticised because it prevents the animals to
express normal behaviour (Mattiello et al. 2005;
Popescu et al. 2013). In addition, it has been demon-
strated that cortisol level is higher in tie-stall than in
loose housing system (Starvaggi Cucuzza et al. 2014;
Tarantola et al. 2016).

The mobilisation of the scientific community, incen-
tivised by public opinion about the need to maintain
acceptable and ethical conditions for livestock, permit-
ted to issue many rules of law and investments aimed
to animal protection, but no specific legislation refer-
ring to the welfare of beef older than six months is
available.

Scoring systems considering environmental and
housing parameters have been implemented during
the last years (Mazurek et al. 2010) for the assessment

of animal welfare in calves, dairy and beef cattle.
These indirect methods allow to carry out welfare eval-
uations without cattle restraint, and attribute a welfare
score through environment-based measures (Johnsen
et al. 2001).

In Austria and Germany, an animal needs index
(Austrian Animal Needs Index) was initially developed
by Bartussek (1985), and a new, definitive, version
(ANI35/L2000) was issued in 2000 (Bartussek 2000).
The latest is recommended for cows, young and beef
cattle from 7 month of age. It assesses animal welfare
through the evaluation of housing conditions on the
basis of what is known to be important for meeting
the animals’ needs and ensuring their well-being. It
gives a total score; the higher the ANI score, the better
the fulfilment of animal needs is. The ANI35 system
became an official method to assess animal welfare
level in organic Austrian farms.

In our study, the ANI35/L2000 method was used to
evaluate the two main housing systems for
Piemontese cows in Piedmont Region, the tie-stall and
the loose housing. In addition, we assessed the associ-
ation of the welfare scores with some reproductive
parameters of cows, as suggested by Valde et al.
(1997), considering that they are sensible stress indica-
tors and a reliable index for animal well-being.
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Animals and housing

A total of 56 Piemontese cow farms, certified by
Anaborapi (Associazione degli Allevatori della Razza
Bovina Piemontese), were randomly chosen in the area
of Turin and Asti Province of the Piedmont Region.
Only farms with more than 20 animals were selected.
Thirty farms adopted a traditional tie-stall housing sys-
tem, in which animals were usually kept in two rows
of single tie-stalls facing each other and divided by a
feeding alley. The stall surface was a concrete floor
covered with straw. The animals were fed in the stall
twice a day and had free access to drinker bowls; the
only movement possible was lying down and standing.
The remaining 26 farms had loose-housing system: the
animals were kept in multiple pens (4–6 animals per
pen) with open areas of about 3 m2 of free surface for
each cow. The animals had free access to water
troughs (nine cows per trough) and a central feeding
alley. Only two farms housed animals on straw bed-
ding, whereas in the remaining farms the cows were
on slatted floor.

Data collection

The farms were visited once, in the period
January–June by two expert evaluators, who examined
together each of the farms in about one hour and
half.

Welfare assessment

Scores (from �0.5 to þ3) were attributed to each item
within the five evaluation categories of the ANI35L/
2000 method (Bartussek 2000): locomotion and space
allowance; social interaction; type and condition of
flooring; light and air conditions; stockmanship. The
five scores were summed to give a total welfare score
ranging between –9 and þ45.5 points.

Reproductive parameters

In each farm, data on reproductive parameters were
collected: calving interval (days), calf to cow ratio per
year, number of services per conception, mean of
pregnancy to cow ratio, cattle culling (%) and age at
culling. Data were extracted from the annual report
elaborated by Anaborapi in 2015.

Statistical analysis

Data were analysed by R software (R Development
Core Team 2015). Median and quartiles (Q1–Q3) were

used to describe the welfare scores. Considering the
first and the third score quartiles of the total welfare
score, farms of both housing systems were categorised
in three subgroups: ‘good’ (>19.9 in tie-stall vs >39.9
in loose-housing farms), ‘sufficient’ (11.5–19.9 vs
24.6–39.9) and ‘low’ welfare (<19.9 vs <24.6). Non-
parametric tests (Wilcoxon’s rank sum test and
Kruskal–Wallis’s test) were used to evaluate differences
in welfare scores between the two housing systems
and to evaluate their association with reproductive
parameters. ANOVA was carried out to evaluate the
differences among continuous reproductive parame-
ters in welfare groups; Bonferroni was used as post
hoc test. The results were considered statistically sig-
nificant when p< .05.

Results and discussion

The 56 analysed farms had a mean animal number of
62.6 (standard deviation, SD: 40.8), with the tie-stalls
farms being on average smaller than those with loose-
housing (45.3 ± 16.6 vs 82.7 ± 50.6 animals).

The ANI35L/2000 median score for all farms was
29.8 (Q1–Q3: 15.5–31.5). The median score of the five
categories, all important factors for the health and
welfare of cattle were: 4.0 for ‘Locomotion and Space
allowance’ (Q1–Q3: 2.0–6.8); 4.3 for ‘Social interaction’
(Q1–Q3: 1.5–7.5); 4.5 for ‘Type and condition of floor-
ing’ (Q1–Q3: 3.5–5.5); 4.0 for ‘Light and air conditions’
(Q1–Q3: 2.0–6.6); 5 for ‘Stockmanship’ (Q1–Q3:
3.5–6.0).

We registered significantly higher scores in the
loose-housing farms compared to tie-stall for four of
the five evaluation categories (and for the total score):
‘Locomotion and Space allowance’ (7.5 vs 2.0;
p< .001), ‘Social Interaction’ (7.5 vs 1.5; p< .001), ‘Type
and condition of flooring’ (5.0 vs 4.0; p¼.013) and
‘Light and Air Conditions’ (6.5 vs 3.2; p< .001).

Welfare scores of the five categories significantly
differ between the two housing systems (Table 1).

We also compared the welfare scores among sub-
groups in each farm system. In tie-stalls, it was
observed a statistically significant difference in all five
evaluation categories; in particular, highly significant
differences were found for scores of ‘Locomotion’,
‘Social Interaction’, ‘Light and Air Conditions’ and
‘Management’ categories (p< .001). Accordingly, we
recorded a significant difference among all subgroup
scores in the loose-housing farms, with a higher evi-
dence for the ’Locomotion‘, ’Social Interaction‘ and
’Light and Air Conditions‘ scores (p< .001).

Our results may be due to the greater amount of
space available for animals in the loose-housing farms
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compared to the tie-stall housing. In fact, the catego-
ries that most influenced the total score were related
to the presence of pasture or outdoors areas, locomo-
tion, social interactions and air conditions. As sug-
gested by the Animal Health and Animal Welfare
Panel on the welfare of dairy cows (EFSA 2009), the
lack of space is the most important hazard for the
development of leg and locomotion problems. In
Piedmont, the loose-housing systems are not over-
crowded, and a high number of loose housing farms
had an outdoor area (n¼ 15) compared to tie-stall
farms (n¼ 5).

The reproductive performances are a sensible stress
indicator and a reliable index for animal well-being. A
variety of stressors and stress pathways can directly or
indirectly affect GnRH neurons and influence the

reproductive axis and increased levels of ‘stress’ lead
to an inability to reproduce (Von Borell et al. 2007).

In Table 2, the association between some repro-
ductive parameters and welfare scores is reported. The
mean calving interval was significantly shorter in
loose-housing farms compared to tie-stalls (p¼ .002).
This is in accordance with the study of Lof et al.
(2007), and is probably due to the fact that oestrus
can be more easily detected in loose systems, due to
the possibility of expressing and observing specific
behaviours (EFSA 2009; Simensen et al. 2010; Sawa
and Bogucki 2011). We did not find differences in the
mean calving interval among the welfare subgroups
within the loose housing farms (for good, sufficient
and low welfare farms: 379.6 ± 30.9, 378.4 ± 27.0 and
403.6 ± 22.4 days, respectively; Figure 1(d)).

Figure 1. Boxplots of three reproductive parameters of Piemontese cattle (calving interval in days, calf to cow ratio per year, num-
ber of services per conception) according to welfare subgroups (low, sufficient and good farms) in tie-stalls (above: a, b, c) and
loose-housing (below: d, e, f) systems.
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Tied housing systems, however, give the possibility
to handle and inspect single cows very easily. Indeed,
if we examine the mean calving interval among tie-
stall subgroups (Figure 1(a)), we observe a
significantly prolonged interval (p< .01) in low welfare
farms (460.3 ± 41.7 days) compared with sufficient
(408.0 ± 32.9) and good (397.5 ± 50.5) farms, suggesting
that a total good welfare score improves this
parameter.

Accordingly, the annual calf to cow ratio was signifi-
cantly higher in animals kept loose (p¼ .016). Within
the tie-stall group, we observed a significant difference
(p¼.018) between the good (mean value: 0.88) and
low welfare (mean value: 0.80) farms (Figure 1(b))
whereas no differences were detected among loose-
housing subgroups mean values of 0.94 for good, 0.95
for sufficient and 0.88 for low welfare farms)
(Figure 1(e)).

There was no evidence of statistically significant dif-
ferences between housing systems in the number of
services per conception (p¼.19). Accordingly, no differ-
ences were observed among welfare level subgroups
in tie-stall farms (p¼.49; median values: 1.6 in good
and sufficient farms, 1.8 in low welfare farms; Figure
1(c)). Although no significant differences (p¼.06) were
detected, we observed a trend in loose-housing farms
indicating a lower number of services in good farms
compared to low welfare levels group (median values:
1.3, 1.7 and 1.9 for good, sufficient and low welfare
farms, respectively; Figure 1(f)).

No significant differences were detected between
tie-stall and loose-housing farms as regards the preg-
nancy to cow ratio (p¼ .19). However, a statistically
significant difference among welfare categories was
recorded both in tie-stalls (p¼ .01, with a median rate
of 3.3 in low welfare farms compared to 4.3 in suffi-
cient farms) and in loose-housing (p¼ .04, median rate
of 3.6 in low welfare farms compared to 4.9 in good
farms).

As regards cattle culling, neither age nor percent-
age were statistically different between the two types
of housing and among subgroups categories.

Our study showed that welfare in Piemontese cows,
measured as ANI35/L2000 score, is significantly higher
in farms with loose-housing than in those with tie
stalls.

This result confirms the findings of other studies,
that used a welfare score index (i.e. Welfare QualityVR

2009) in dairy cows (Popescu et al. 2014).
The use of score indexes, as ANI35 by Bartussek and

modified systems (as AWI system), proved to be an
effective, rapid and economic tool applicable in
the field (Amon et al. 2001; Popescu et al. 2014).

Ofner et al. (2003) found significant correlations
between the ANI 35 scores and behaviour and health,
including results for skin lesions and injuries. Such
assessment is deemed very important, since the hous-
ing and management can have a great impact on ani-
mal health and production and on the environment,
and can thus influence the consumer’s choice, so that it
might become part of the export legislation in the
future.

Conclusions

The use of ANI35/L2000 score for the assessment of
the farms and welfare conditions in this study enabled
to obtain a reference score for animals kept in two dif-
ferent housing conditions. Loose housing system farms
were characterised by higher welfare, thus confirming
previous studies that used a score index on dairy
cows. Further investigations are needed to have a
more complete assessment of farm animal welfare.
Score systems such as ANI 35/L2000 ANI are mostly
based on resource based criteria, while the animal
based criteria are quite deficient, but they enable to
assess the quality of farming systems and can provide
indicators for a fast inspection of herd during veterin-
ary practice.

Finally, the impact of the housing system on repro-
ductive parameters could stimulate breeders to aban-
don the tie-stalls system, improving the structures of
the old and obsolete buildings.
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