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However, such a rapid growth also seems to be associated 
with problems in health, behavior, and welfare in broilers.

In modern and intensive production systems, broilers are 
reared at high stocking density in confined houses, and the 
birds reach the slaughter weight within approximately 40 
days (Korver 2023). However, this rapid growth may result 
in impaired welfare regarding with behavioral problems, 
including locomotion problems with poor walking ability 
(Hartcher and Lum 2020). However, the stocking density of 
broilers in conventional systems and high body weight neg-
atively affect the walking ability (Shynkaruk et al. 2023). 
One of the most important health and welfare concerns is 
leg disorders which could be assessed with walking abil-
ity of birds (Kwon et al. 2024). It has been highlighted that 
the production system heavily effects skeletal development 
and bone disorders by Çapar Akyüz and Onbaşılar (2020). 
Around 30% of all broilers reared in intensive production 
systems have some form of leg disorders (EU 2016). These 
negative issues have caused needs for finding solutions for 

Introduction

Continuous genetic selection of broilers has resulted in a 
higher body weight, a more effective feed conversion and 
increased breast muscles, and this selection has been pri-
marily focused on economic traits to reduce cost of produc-
tion (Akyüz et al. 2022, 2024; Korver 2023). This selection 
for rapid growth has made the modern broilers as the fastest 
growing species among farm animals (Ghayas et al. 2021). 
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Abstract
The consumer interest for meat from slow growing broilers in free-range system has increased recently. Therefore, the 
need for knowledge about behaviour and welfare of birds in these systems has increased. The aim of this study was to 
compare the differences between behavioral time budget, tonic immobility and clinical welfare indicators in two slow 
growing broiler genotypes (Hubbard ISA Red JA-57 and Sasso XL44 × SA51A) kept in a free-range system. In total, 
480 one-day old chicks were reared, and the birds were regularly scored for behavioral time budget and multiple welfare 
indicators. The eating and drinking tended to decrease in Sasso birds, whereas they showed an increment in Hubbard birds 
with increasing of age (P < 0.01). Hubbard birds had the highest percentage of explorative pecking (7.65%) of the total 
time budget compared to the Sasso birds (4.33% at day 63, P < 0.01). Comb pecking wounds, skin injuries and gait scores 
were affected by both genotype and age (P < 0.01). The duration of tonic immobility was found to be longer, as well as 
the number of tonic immobility inductions was higher in Sasso birds compared to the Hubbard (26.49 vs. 19.68 s; 1.54 
and 1.24, respectively P < 0.01). These findings indicate that birds of the Hubbard genotype may be more prone to comb 
pecking and skin injuries, but they showed less fearful and higher walking ability, compared to Sasso birds.
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improving the welfare of broiler chickens. In recent years, 
the consumer demands for chickens reared in free-range 
and organic systems have increased, as these systems could 
decrease the stressful conditions found in conventional pro-
duction systems, and thereby can increase the comfort and 
improve the welfare status and behavioral patterns of com-
mercial birds (Wang et al. 2009).

To meet minimum husbandry standards: a slow-growing 
broiler genotype must be used and kept for a longer rearing 
period, as well as feeds with low content of fat and high 
content of cereals, the birds are kept at lower stocking rates 
and should have access to a pasture area (Amato and Castel-
lini 2022). Free-range systems are enriched as pasture cov-
ered by natural or artificial vegetation for the birds with free 
access (Chen et al. 2013). Accessing to pasture areas make 
possible to exhibit the natural behaviors of birds, for exam-
ple, scratching, foraging, dust bathing, sunbathing, perch-
ing and activity, stimulate more physical activity and utilize 
the natural daylight and sunshine (Ipek and Sozcu 2017). 
Behaviors, e.g., pecking, scratching, walking, and resting, 
reflect the emotional status of birds, and are used as welfare 
indicators (Welfare Quality Consortium 2009). Depending 
on the increment of physical activity and growth pattern 
of slow-growing birds, growth and strength of bones takes 
shape well and leg disorders could be prevented largely 
(Mikulski et al. 2011).

There are many drop effecting factors for welfare status, 
behavioral patterns and subsequently performance, that are 
also depending on the rearing system, genotype, sex, feed 
ration, physical activity, management, and environmental 
conditions (Gordon and Charles 2002; Varol Avcılar et al. 
2018; Erbay Elibol et al. 2021; Eser et al. 2022; Tekin Demir 
et al. 2024; Gündoğar et al. 2024). To improve the welfare 
status of free-ranging birds, genotype should be correctly 
chosen regarding with their ability to use the pasture and 
foraging (Australian Egg Corporation 2012). The relation-
ship between range use and behavior is still unclear (Camp-
bell et al. 2018, 2019; Ferreira et al. 2019, 2020a). Ferreira 
et al. (2019, 2020b) highlighted that variation in ranging 
behavior could affect chicken behavior, thusly chickens 
ranged less inhibited their behavior when compared to the 
chickens ranged more.

This could be also useful to exhibit the natural behaviors 
such as foraging and sunbathing etc., and physical activity 
(Riber et al. 2018). Therefore, investigating and comparing 
of welfare and behavioral patterns of birds are crucial for 
choosing of appropriate genotypes that could be recom-
mended for producers and to develop a better management 
standard in free-range system. Therefore, studies focused on 
welfare, behavior and pasture usage of different genotypes 
could be useful to improve health and welfare status, and by 

that improve environmental sustainability that can also sup-
port successful production (Marchewka et al. 2020).

The present research was carried out as a part of the Free-
Birds project that aim is to develop better husbandry prac-
tices in organic poultry production by encouraging the birds 
to be more at outdoor and achieve a better agreement with 
the intentions of the organic concept. Besides, Bonnefous 
et al. (2023) emphasized that genetics could be effective for 
behavioral consistency during a bird’s life. This study com-
pared the differences between behavioral time budget, and 
clinical welfare indicators in chickens from two slow grow-
ing broiler genotypes (Hubbard ISA Red JA-57 and Sasso 
XL44 × SA51A) kept in the free-range system. In the study, 
two slow growing genotypes that have similar growth rate, 
slaughter age were selected to make an objective comparison 
to observe the differences in respect of genetic variability.

Materials and methods

Animals and housing

This study was performed in Research Farm of Department 
of Animal Science, Faculty of Agriculture, Bursa Uludağ 
University (Bursa, Türkiye). In the study, a total of 480 one-
day old chicks (equal ratio for male and female) of two slow 
growing genetic line (Hubbard ISA Red JA-57 and Sasso 
XL44 × SA51A, at 42 weeks of age) were kept in a free-
range system. The chicks were weighed at the beginning of 
the experiment by using a balance at ± 0.1 g precision, and 
thereafter they were randomly allocated into six experimen-
tal pens (n = 3 pens/genotype, 80 birds/pen) with a floor area 
of 3 × 7 m2. The space allowance was provided as 0.26 m2/
bird (changed between 12 and 14 kg per m2) in the pens. 
The experimental period was 63 days, and carried out dur-
ing autumn months.

The pens had an outdoor pasture area that was regu-
lated according to the minimum standards in EU Directive 
1999/74/EC (European Union Directive 1999/74/EC). The 
indoor floor in the pens was covered with wood shavings 
as litter material. Lighting program was applied according 
to optimum standards given by EU Directive 1999/74/EC 
(European Union Directive 1999/74/EC). Circular plastic 
feeders, plastic bell drinkers and wooden perches (18 cm 
perch length/bird) were provided indoor solely. In each of 
pen, indoor and outdoor areas were separated by a solid wall 
with a small pop-hole (60 × 60 cm) to provide free access 
to pasture. The pasture area (350 m2/pen) was limited by 
wire fences to keep out predators and each pen had an arti-
ficial shade cloth shelter with green color and with a size 
of 5 × 7 m. The stocking density was 4.4 m2 per bird in the 
pasture area.
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Data collection

To determine the behavioral time budget of the broilers, the 
back of four randomly sampled birds from each pen was 
marked with green paint. Marking of birds was regularly 
refreshed during the experimental period. Behavioral obser-
vations were performed on four times during the growing 
period at 28, 42, 56 and 63 days of age.

The direct observations were performed on the observa-
tion days at 9.00–11.00 h and 15.00–17.00 h, respectively, 
by the same observer and in both the indoor and outdoor 

areas. The observer sat or stood in a position outside the pens 
with a clear view of the entire pen under observation. Each 
pen of the six pens was scanned separately at 10 min inter-
vals, thus giving 12 records per pen. The numbers of birds 
in a pen performing each of the behaviors eating, drinking, 
preening, feather pecking, walking–standing, explorative 
pecking, and resting-lying were sequentially recorded as a 
series of instantaneous scans. The definitions of behaviors 
recorded were modified from Zhao et al. (2014) (Table 1). 
Furthermore, during the behavioral observations, the aver-
age value of maximum distance of the birds from the house 
was determined as the distance reached by the birds. The 
total spent time at outdoor was calculated as the percentage 
of birds at pasture area with respect to the total number of 
broilers in each pen.

In a tonic immobility (TI) test, a total of 36 birds per 
genotype (12 from each pen) were randomly selected and 
tested individually for response at 28, 42, 56 and 63 days 
of age. The hens were taken from their home pen and car-
ried to another room. All tests were performed by the 
same researcher, and individual signings with wing-tagged 
method was used to prevent repeated testing of the same 
bird. To measure the duration of TI, the birds were caught 
randomly and carried to a separate room. A few seconds 
after the broiler was caught, TI was induced according to 
Ghareeb et al. (2014). The experimenter put one hand on the 
hen’s chest and another over its head, letting the head dangle 
down, and restrained the hens for five seconds while they 
were on their backs in a metal cradle. The lone experimenter 
then took their hands off their hands and went aside, look-
ing down. After five minutes of immobilization or when the 
bird straightened itself after at least ten seconds, whichever 
came first, the test was over. If the hen righted itself in less 
than 10 s, the restraint was repeated up to five times, and 
the duration of tonic immobility was noted. A maximum of 
three inductions was applied and the maximum test duration 
was set to 600 s. The total duration of TI was recorded as the 
time until the bird stood in an upright position.

A range of clinical welfare indicators was assessed for all 
bird at 28, 42, 56 and 63 days of age using the Welfare Qual-
ity® protocol (Welfare Quality Consortium 2009) (Table 2). 
All birds in each pen was scored for comb pecking wounds, 
plumage condition, enteritis, skin injuries, footpad derma-
titis, hock burn, missing toes, and nails. Furthermore, each 
broiler was individually evaluated for walking ability by 
using a gait score ranging from 0 to 5 (Table 3; (Welfare 
Quality Consortium 2009). For the scoring, the evaluator sat 
on the pen floor at eye level viewing the back of the broiler’s 
legs while it walked for 15 s. After completing the scoring, 
each of the score were calculated as a percentage value for 
each genotype.

Table 1 The ethogram used in the present study, including the defini-
tions of the different behaviors modified by Zhao et al. (2014)
Behaviors Definition
Eating Bird has its beak in contact with feed 

repeatedly/once
Drinking Bird has its beak in contact with drinkers 

or raises its head when swallowing water
Preening Bird has its beak in contact with its own 

plumage, performing movements of 
pecking, combing, rotating, or nibbling 
once or repeatedly

Feather pecking Bird pecks the feathers of conspecifics
Walking-standing Bird moves with a normal or quick 

speed or stands in a stationary position
Explorative pecking Bird pecks other object in the house, 

except feathers
Resting Bird lies on its abdomen or sits with its 

legs under the body
Each pen of the six pens was scanned separately at 10 min intervals

Table 2 Welfare indicators used for welfare assessment in the present 
study, including the definitions of the scores
Item Score

0 1 2
Comb pecking 
wounds

No 
wounds

One or two wounds Three or more 
wounds

Plumage condi-
tions, body*

Intact 
feathers

Moderate wear 
(< 5 cm)

At least 
1featherless 
area > 5 cm in 
diameter

Enteritis Absent Present -
Skin injuries < 3 

pecks or 
scratches

Lesions < 2 cm or > 3 
pecks or scratches

At least 1 
lesion > 2 cm

Footpad derma-
titis (FPD)

No lesion Mild:
Small lesion ≤ 0.2 cm

Severe:
Larger 
lesion > 0.2 cm

Hock burn No lesion Small lesions, necro-
sis, or proliferation of 
epithelium, but no or 
moderate swelling

Visible 
inflammation 
or swelling

Missing toes/
nail

Absent Present -

*The scores for each body part (breast, back, and tail) were combined 
to give a total plumage score
Source: Welfare Quality R® (2009)

1 3

Page 3 of 9   239 



Veterinary Research Communications          (2025) 49:239 

Results

The percentages of the behaviors performed by the two 
genotypes (Hubbard and Sasso) at different ages (28, 42, 56 
and 63 days of age) are shown in Table 4. With increasing of 
age, the eating and drinking showed a decreasing tendency 
in Sasso genotype, whereas it showed a decline (at 42 and 
56 days) and then an increment in Hubbard genotype at 63 
days of age (P < 0.01). At 63 days of age, a higher percent-
age of eating and drinking were observed in Hubbard broil-
ers than Sasso ones (17.73 vs. 15.52%, and 4.02 vs. 2.71%, 
respectively, P < 0.001). The preening and feather pecking 
increase significantly in both of genotypes with increasing 
age (P < 0.05). The highest percentage of explorative peck-
ing was observed in Hubbard genotype (7.65%), whereas the 
lowest percentage was found in Sasso genotype at 63 days 
of age (4.33%, P < 0.001). The walking-standing behavior 
showed a significant variation in both Hubbard and Sasso 
birds while the birds aged (P < 0.01). A higher percentage 
of walking and standing was observed in Sasso birds com-
pared to the Hubbard birds (21.14% vs. 17.73%, P < 0.05). 
Furthermore, resting-lying behavior was significantly lower 
at 63 days of age in both of genotype compared to the young 
ages (46.77% and 48.66%, respectively, P < 0.05). Birds of 
the Hubbard genotype walked significantly longer distances 
from the house than the Sasso birds (10.95 vs. 6.65 m, 
P < 0.01).

As the birds became older, the maximum distance from 
the house showed an increment from 4.55 m at 28 days of 
age to 10.20 m at 63 days of age (P < 0.02). It changed from 
4.55 m at 28 days of age to 10.20 m at 63 days of age. A 
significant genotype × age interaction was observed for the 
total spent time at outdoor (P < 0.01). Hubbard genotype 
broilers spent more time outdoor, whereas Sasso birds spent 
less time, with increasing of age. At 63 days of age, the total 
spent time at outdoor was found as 40.33% and 6.30% in 
Hubbard and Sasso birds respectively.

The results from the TI test are shown in Table 5. No 
significant interactions (genotype × age) were observed for 
number of TI inductions, as well as TI duration. The duration 
of TI was found to be longer and the number of inductions 
were higher in Sasso birds compared to the Hubbard birds 
(26.49 vs. 19.68 s; 1.54 and 1.24, respectively P < 0.01). On 
the other hand, as with increasing age, the duration of TI 
showed an increment, and it was changed from 12.68 s at 28 
days of age to 35.79 s at 63 days of age (P < 0.01).

A significant effect of genotype on comb pecking wounds, 
skin injuries, and gait score was observed (P < 0.05 Table 6). 
A higher severity of comb pecking wounds and skin injuries 
was observed in Hubbard birds, whereas the mean of gait 
score was found to be higher in Sasso birds. On the other 
hand, the increasing age affected all of welfare indicators 

At 63 days of age, blood samples were collected from ran-
domly selected 6 broilers for each genotype. To determine 
the leukocytes, a smear of blood was placed on a glass slide 
for each bird. The slides were stained with May-Grünwald 
and Giemsa stains, and then counted with a light microscope 
(model BX41TF, Olympus Corporation, Tokyo, Japan) 
at ×100 magnification (Gross and Siegel 1983). For each 
slide, one hundred leukocytes (heterophiles, eosinophils, 
basophils, lymphocytes and monocytes) were counted, and 
then the H/L ratio was calculated by dividing the number of 
heterophils by that of lymphocytes (Salamano et al. 2010).

Statistical analysis

All data were analyzed with the mixed model procedure 
in the statistical analysis software SAS (version 9.4 2012 
Cary NC USA). Data was analysed at pen level on logs-
cale, and normality of the data was assessed based on model 
residuals. Behavioural data was aggregated and expressed 
as percentage of broilers performing a certain behavioural 
category compared to total number of birds observed for 
eating, drinking, preening, feather pecking, walking-stand-
ing, explorative pecking and resting. Data regarding wel-
fare indicators (comb pecking wounds, plumage condition, 
enteritis, skin injuries, FPD, hock burn, missing toes/nail, 
gait score) and tonic immobility were recorded as a coherent 
data for each broiler separately. The comparative analysis 
of the genotypes and the broiler age were performed with 
a univariate analysis of variance. Non-parametric statisti-
cal test were performed with the Kruskal-Wallis test. All 
data were analysed using linear mixed models consisting 
of fixed effects of genotype and broiler age, and the inter-
actions between genotype × broiler age. Pen was included 
as a random effect. Analyses of percentage data were con-
ducted after arcsine square root transformation of the data. 
The blood parameters were subjected to the t-test procedure 
in SAS (version 9.4 2013 Cary NC USA). Significant differ-
ences between means were compared using the Tukey test 
and were considered statistically different at P < 0.05.

Table 3 Scoring of walking ability of broilers
Score Mean
0 Normal, agile, and well-balanced
1 Slight abnormality and uneven walking but difficult 

to define
2 Uneven walking with shortened steps, failure in 

balance, taking support from the wings, definite and 
identifiable abnormality

3 Obvious abnormality, affects ability to move, not 
standing for more than 15 s, after walking lying down

4 Severe abnormality, unwilling to walk, using wings 
as crutches, only takes a few steps

5 Incapable of walking
Source: Welfare Quality R® (2009)
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The differential cell count results and H/L ratio as a stress 
indicator at 63 days of age was given in Table 7. No signifi-
cant differences were observed for lymphocytes, monocytes, 
basophils and eosinophils of Hubbard and Sasso genotypes 
(P > 0.05), whereas a higher percentage of heterophiles and 
H/L ratio were observed in Sasso birds compared to the 
Hubbard birds (respectively 40.1% vs. 37.7%, 1.69 vs.1.51, 
P < 0.05).

Discussion

The current results clearly showed that the genotype and age 
affected their behavioural time budget and range usage pref-
erence in the free-range system. The most frequent behav-
iours were eating, walking-standing and resting-lying at all 
ages in both of genotypes. There is a relationship between 
eating and drinking (Savory et al. 1978). In this study, a 
higher percentage of eating behaviour was observed at the 
early ages, and it showed a decline while the birds aged in 
both of genotypes. Under normal conditions, it is expected 
an increment in feed consumption due to increasing body 
weight. However, in this study, eating behaviour shows 

(P < 0.01). As expected, the severity of each welfare indica-
tor was worse at 63 days of age, when compared to the 28 
days of age.

Table 4 Behavioral observations for two slow growing broiler genotypes in the free-range system
Main factors Eating Preening Drinking Explor-

ative 
pecking

Walking-Standing Feather 
pecking

Resting- 
Lying

Maximum dis-
tance from the 
house (m)

Total 
spent time 
at outdoor 
(%)(%)

Genotype
 Hubbard 16.97 2.00 b 3.51 6.27 a 14.18 b 2.50 54.57 10.95 b 31.58 a

 Sasso 16.99 2.24 a 3.36 5.95 b 14.84 a 2.48 54.14 6.65 a 7.74 b

 SEM 0.16 0.10 0.12 0.13 0.26 0.09 0.22 1.10 1.56
Age (days)
 28 17.77 a 1.42 c 3.38 6.39 14.65 b 1.82 c 54.58 c 4.55 b 15.33 b

 42 16.99 b 1.85 b 3.50 6.01 12.62 c 2.12 bc 56.92 b 8.62 ab 17.33 ab

 56 16.63 b 2.16 b 3.49 6.04 11.34 d 2.22 b 58.21 a 11.85 a 22.67 a

 63 16.54 b 3.05 a 3.37 5.99 19.44 a 3.82 a 47.72 d 10.20 a 23.32 a

 SEM 0.22 0.15 0.17 0.19 0.37 0.12 0.32 1.54 2.21
Genotype × Age
 Hubbard × 28 17.45 abc 1.33 c 3.23 bc 6.20 bcd 14.53 c 2.03 bc 55.23 cd 6.80 22.33 b

 Sasso × 28 18.09 a 1.51 c 3.53 ab 6.58 b 14.76 c 1.60 c 53.93 d 2.30 8.33 c

 Hubbard × 42 16.52 cde 1.82 bc 3.73 abc 5.64 cd 12.98 cd 2.17 bc 57.51 ab 10.50 26.33 b

 Sasso × 42 17.46 abc 1.89 bc 3.63 ab 6.38 bcd 12.25 d 2.06 bc 56.33 bc 6.73 8.33 c

 Hubbard × 56 16.19 de 2.32 b 3.41 abc 5.58 d 11.47 d 2.24 b 58.78 a 14.73 37.33 a

 Sasso × 56 16.88 bcd 2.01 bc 3.57 ab 6.49 bc 11.20 d 2.21 b 57.64 ab 8.97 8.00 c

 Hubbard × 63 17.73 ab 2.52 b 4.02 a 7.65 a 17.73 b 3.57 a 46.77 f 11.80 40.33 a

 Sasso × 63 15.52 e 3.57 a 2.71 c 4.33 e 21.14 a 4.06 a 48.66 e 8.60 6.30 c

 SEM 0.31 0.21 0.19 0.26 0.53 0.17 0.45 2.18 3.12
p-values
 Genotype 0.928 0.029 0.170 0.026 0.024 0.806 0.072 0.001 < 0.001
 Age < 0.001 < 0.001 0.700 0.142 < 0.001 < 0.001 < 0.001 0.002 0.005
 Genotype × Age < 0.001 0.002 < 0.001 < 0.001 < 0.001 0.014 < 0.001 0.854 0.001
a–f Means in the column with different letters differ significantly (p < 0.05)

Table 5 Results of the tonic immobility (TI) tests for two slow grow-
ing broiler genotypes in the free-range system
Main factors TI duration (s) Number of TI Inductions
Genotypes
 Hubbard 19.68 b 1.24 b

 Sasso 26.49 a 1.54 a

 SEM 1.78 0.08
Age (days)
 28 12.68 c 1.30
 42 19.38 bc 1.25
 56 24.45 b 1.45
 63 35.79 a 1.57
 SEM 2.51 0.12
p-values
 Genotype 0.002 0.003
 Age < 0.001 0.078
 Genotype × Age 0.691 0.882
a–c Means in the column with different letters differ significantly 
(p < 0.05)
TI duration refers to length of tonic immobility episodes; number of 
TI inductions refers to number of tonic immobility episodes
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broilers with aging of birds. These findings clearly empha-
sized the importance of foraging area and some enrich-
ment of this area to be attractive for birds to minimize the 
pecking behavior which could be related aggression and 
stressfulness.

The behaviors of walking-standing and resting-lying 
were the most common observed behaviors. Interestingly, 
the walking-standing showed an increment, whereas the 
resting-lying behavior decreased by increasing of age in 
both of genotype. It is contradictory with previous studies 
indicated that slow-growing broilers became inactivity and 
less active with age (Göransson et al. 2021). This could be 
related with lower daily body weight gain of slow-growing 
broilers raised in the free-range system and mild severity of 
lameness (Ferrante et al. 2009). Observed higher walking-
standing behavior by age could be related with minor gait 
impairments and a higher interest against outdoor area and 
foraging in the study. Thus, these findings could be sup-
ported with increment of maximum distance from the house 
and the total time spent at outdoor with age in Hubbard and 
Sasso.

Tonic immobility is a common measure of stress and fear-
fulness, because of TI duration refers to the alertness or fear-
fulness of the birds (Hata et al. 2018). It has been reported 
that a shorter duration of TI shows that birds are more alert 
and respond more quickly to possible dangers (Ghayas et al. 
2021). According to this hypothesis, Hubbard broilers were 

decrease over time, which may depend on that the birds 
were eating more during when they were in the ranging as 
they spent more time at outdoor area with increasing age. 
It showed a significant increase in ranging behaviour from 
15.33% at 28 days of age to 23.32% at 63 days of age in 
both strains.

Preening is one of the most important comfort behaviors 
in birds and helps keeping their plumage in good condition 
(Sandilands et al. 2004). The current results showed that 
Hubbard and Sasso birds showed preening behavior with 
a percentage of 2.52% and 3.57%, respectively at 9 weeks 
of age. The reason for this could be that the plumage is less 
developed in young broiler chickens, or that other behaviors 
are more important than preening for birds of young age. 
In this study there were significant effects of both genotype 
and the age on preening behavior.

It is well known that due to mutual effects between feather 
pecking and stressful conditions, the occurrence and sever-
ity of feather pecking could be accepted an indicator for 
reduced welfare of birds, especially in laying hens (Huber 
Eicher and Sebo 2001). However, the proportions of feath-
ered and feather-free body parts are important parameters 
to evaluate the energy and nutrient requirements of grow-
ing broilers (Wecke et al. 2017). The current results clearly 
showed that the tendency of genotypes for explorative 
pecking and feather pecking changed by age. The feather 
pecking showed an increment in both of Hubbard and Sasso 

Table 6 Welfare indicators of two slow growing broiler genotypes in the free-range system
Main factors Comb pecking wounds Plumage condition Enteritis Skin injuries FPD Hock burn Missing toes/nail Gait score
Genotypes
 Hubbard 0.94 a 1.03 0.39 0.59 a 0.85 0.85 0.31 0.88 b

 Sasso 0.66 b 1.03 0.38 0.29 b 1.13 1.13 0.27 1.04 a

 SEM 0.11 0.08 0.04 0.05 0.15 0.17 0.05 0.04
Age (days)
 28 0.38 c 0.13 c 0.17 b 0.14 c 0.30 b 0.30 b 0.02 c 0.00 d

 42 0.65 bc 0.80 b 0.30 b 0.38 b 0.57 b 0.57 b 0.27 b 0.67 c

 56 0.95 ab 1.50 a 0.52 a 0.57 ab 1.50 a 1.50 a 0.32 b 1.40 b

 63 1.22 a 1.67 a 0.56 a 0.67 a 1.60 a 1.60 a 0.55 a 1.77 a

 SEM 0.16 0.11 0.06 0.06 0.21 0.21 0.06 0.06
p-values
 Genotype 0.021 0.985 0.757 < 0.01 0.069 0.064 0.375 0.001
 Age < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01
 Genotype × Age 0.836 0.851 0.380 0.299 0.187 0.895 0.763 0.133
a–d Means in the column with different letters differ significantly (p < 0.05)

Table 7 The differential cell count results and H/L ratio of two slow growing broiler genotypes in the free-range system
Genotypes Differential cell count (%) H/L

Heterophiles Lymphocytes Monocytes Basophils Eosinophils
Hubbard 37.7 25.0 10.7 13.3 13.3 1.51b

Sasso 40.1 23.7 11.0 12.7 12.2 1.69a

SEM 0.57 1.08 0.82 0.78 0.92 0.08
p-values 0.013 0.205 0.643 0.643 0.251 0.045
For counting analysis, randomly sampled 6 birds from each genotype were used at 63 days of age
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fearful, and this may affect the range use and foraging behav-
ior negatively. Genetic differences found should be consid-
ered in future studies on how to minimize the negative effects 
of aggression and fearfulness of birds and improve the range 
use under commercial conditions in large broiler flocks.

Acknowledgements We gratefully acknowledge the financial sup-
port for the FreeBirds project provided by transnational funding bod-
ies as partners of the H2020 ERA-net project. Specifically, this project 
has received funding under Coordination of European Transnational 
Research in Organic Food and Farming System Cofund (Core Organic 
Cofund) by the European Union’s Horizon 2020 research and innova-
tion programme under grant agreement No 727495. We would like to 
thank to the General Directorate of Agricultural Research and Policies 
of Turkey for their contribution to the project.

Author contributions Arda Sözcü Conducted experiments, data col-
lection, methodology, writing-original draft. Aydın Ipek methodology, 
writing, review, editing. Stefan Gunnarsson methodology, supervision, 
writing, editing.

Funding Open access funding provided by the Scientific and Techno-
logical Research Council of Türkiye (TÜBİTAK). Open access fund-
ing provided by the Scientific and Technological Research Council of 
Türkiye (TÜBİTAK). This project has received funding under Coordi-
nation of European Transnational Research in Organic Food and Farm-
ing System Cofund (Core Organic Cofund) by the European Union’s 
Horizon 2020 research and innovation programme under grant agree-
ment No 727495.

Data availability No datasets were generated or analysed during the 
current study.

Declarations

Competing interests The authors declare no competing interests.

Ethics approval The care and use of animals were approved by the 
ethics committee of Bursa Uludağ University and were in accordance 
with the laws and regulations of Turkey (License Number 2019-05/09).

Open Access  This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, 
as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your intended 
use is not permitted by statutory regulation or exceeds the permitted 
use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit  h t t p  : / /  c r e a  t i  v e c  o m m o  n s .  o 
r g  / l i c e n s e s / b y / 4 . 0 /.

References

Akyüz ÇH, Onbaşılar EE, Bayraktaroğlu AG, Ceylan A (2022) Age 
and sex related changes in fattening performance, dermatitis, 
intestinal histomorphology, and serum Ig-G level of slow- and 

more alert compared to the Sasso birds with a longer dura-
tion of TI indicating higher levels of fearfulness. Further-
more, the TI duration showed increment by increasing of age 
due to increment in body weight. This could be also related 
with increasing of movement related to increment in walking 
and standing behavior at outdoor, maximum distance from 
the house and the total spent time at outdoor.

Our results demonstrated that Hubbard broilers had a 
higher prevalence and more severe comb pecking wounds 
and skin injuries. Previous studies indicated that feather 
pecking, and cannibalistic pecking could cause skin injuries 
(Cloutier et al. 2000; Lambton et al. 2015). On the other 
hand, Sasso broilers had moderate walking defects that were 
determined by gait score. These results showed that Hub-
bard genotype was more susceptible for pecking problems, 
whereas Sasso genotype had a higher susceptibility for 
walking problems in free-range system. Furthermore, the 
mean score of all the measured welfare indicators showed 
increment by age in both genotypes.

In the free range systems, the birds are potentially exposed 
to various stressors related with a huge variation of environ-
mental conditions and free access to outdoor (Bergmann et 
al. 2017). The heterophiles and lymphocytes have crucial 
importance for innate and adaptive immunity (Minias 2019; 
Mosca et al. 2019). Stressful conditions cause an increment 
heterophiles and a decline in lymphocytes, therefore H/L 
is accepted an indicator for resistance to diseases and abil-
ity to cope with stressful conditions (Thiam et al. 2022). 
Stefanetti et al. (2023) clearly demonstrated that there has 
been a huge difference for H/L ratio between broiler geno-
types (fast growing vs. slow growing) and also production 
system (conventional system vs. alternative system). It has 
been reported that a higher value of H/L (1.69) observed in 
Ross broilers kept in free range system could be caused a 
higher stress level and accepted an indicator for their lower 
ability to cope with environmental stimulants, compared to 
other local genotypes called as Bionda Piemontese, Robusta 
Maculata, Bionda Piemontese x Sasso, Robusta Maculata 
x Sasso. On the other hand, local genotypes or slow grow-
ing broiler genotypes are potentially adaptable or free-range 
system with a lower H/L ratio and mortality (Fiorilla et al. 
2023). In this study, Hubbard broilers had a lower H/L ratio 
compared to Sasso broilers, showing that Hubbard broilers 
could have less stress level under free range conditions.

In conclusion, this present study found some significant 
differences in behavioral time budget and welfare status of 
the slow-growing broilers (Hubbard and Sasso) and compare 
the suitability of these genotypes in respect to various indica-
tors for free-range system. In general, Hubbard birds seems 
to be more advantageous in free-range systems for foraging 
and range use at outdoor area but displayed more aggressive 
behaviors e.g. pecking. However, Sasso birds were more 

1 3

Page 7 of 9   239 

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


Veterinary Research Communications          (2025) 49:239 

Eser H, Onbaşılar EE, Yalçın S, Ramay MS, Karakan T, Güngör OF, 
Yalçin S (2022) Comparison of litter quality, performance, and 
some welfare parameters of broilers reared on the sepiolite-sup-
plemented paper waste sludge. Environ Sci Pollut Res 29:10380–
10387.  h t t p  s : /  / d o i  . o  r g /  1 0 . 1  0 0 7  / s 1  1 3 5 6 - 0 2 1 - 1 6 4 9 5 - 6

Ferrante V, Lolli S, Vezzoli G, Cavalchini LG (2009) Effects of two 
different rearing systems (organic and barn) on production per-
formance, animal welfare traits and egg quality characteristics in 
laying hens. Ital J Anim Sci 8:165–174.  h t t p  s : /  / d o i  . o  r g /  1 0 . 4  0 8 1  / 
i j  a s . 2 0 0 9 . 1 6 5

Ferreira VHB, Peuteman B, Lormant F, Valenchon M, Germain K, 
Brachet M, Leterrier C, Lansade L, Calandreau L, Guesdon V 
(2019) Relationship between ranging behavior and spatial mem-
ory of free-range chickens. Behav Processes 166:103888.  h t t p  s : /  / 
d o i  . o  r g /  1 0 . 1  0 1 6  / j .  b e p r o c . 2 0 1 9 . 1 0 3 8 8 8

Ferreira VHB, Barbarat M, Lormant F, Germain K, Brachet M, Løvlie 
H, Calandreau L, Guesdon V (2020a) Social motivation and the 
use of distal, but not local, featural cues are related to ranging 
behavior in free-range chickens (Gallus gallus domesticus). Anim 
Cogn.  h t t p  s : /  / d o i  . o  r g /  1 0 . 1  0 0 7  / s 1  0 0 7 1 - 0 2 0 - 0 1 3 8 9 - w

Ferreira VHB, Reiter L, Germain K, Calandreau L, Guesdon V 
(2020b) Uninhibited chickens: ranging behaviour impacts motor 
self-regulation in free-range broiler chickens (Gallus Gallus 
Domesticus). Biol Lett 16:20190721.  h t t p  s : /  / d o i  . o  r g /  1 0 . 1  0 9 8  / r s  b 
l . 2 0 1 9 . 0 7 2 1

Fiorilla E, Birolo M, Ala U, Xiccato G, Trocino A, Schiavone A, Mug-
nai C (2023) Productive performances of slow-growing chicken 
breeds and their crosses with a commercial strain in conventional 
and free-range farming systems. Animals (Basel) 13:2540.  h t t p  s : /  
/ d o i  . o  r g /  1 0 . 3  3 9 0  / a n  i 1 3 1 5 2 5 4 0

Ghareeb K, Awad WA, Sid-Ahmed OE, Böhm J (2014) Insights on the 
host stress, fear and growth responses to the deoxynivalenol feed 
contaminant in broiler chickens. PLoS ONE 30:e87727.  h t t p  s : /  / d 
o i  . o  r g /  1 0 . 1  3 7 1  / j o  u r n a l . p o n e . 0 0 8 7 7 2 7

Ghayas A, Hussain J, Mahmud A, Jaspal MH, Ishaq HM, Hussain A 
(2021) Behaviour, welfare, and tibia traits of fast- and slow-grow-
ing chickens reared in intensive and free-range systems. S Afr J 
Anim Sci 51:22–32.  h t t p  s : /  / d o i  . o  r g /  1 0 . 4  3 1 4  / s a  j a s . v 5 1 i 1 . 3

Göransson L, Gunnarsson S, Wallenbeck A, Yngvesson J (2021) 
Behaviour in slower-growing broilers and free-range access on 
organic farms in Sweden. Animals (Basel) 11:2967.  h t t p  s : /  / d o i  . o  r 
g /  1 0 . 3  3 9 0  / a n  i 1 1 1 0 2 9 6 7

Gordon SH, Charles DR (2002) Niche and organic chicken products: 
their technology and scientific principles. Nottingham University 
Press, Nottingham

Gross WB, Siegel HS (1983) Evaluation of the heterophil/ lymphocyte 
ratio as a measure of stress in chickens. Avian Dis 27:972–979.  h 
t t p  s : /  / d o i  . o  r g /  1 0 . 2  3 0 7  / 1 5  9 0 1 9 8

Gündoğar UC, Onbasılar EE, Ahlat O (2024) Effects of abrupt and 
gradual light/dark switching on growthperformance, behavior, 
villus development, meat characteristics, and immunity of broil-
ers. Anim Sci J 95:e13962.  h t t p  s : /  / d o i  . o  r g /  1 0 . 1  1 1 1  / a s  j . 1 3 9 6 2

Hartcher KM, Lum HK (2020) Genetic selection of broilers and wel-
fare consequences: a review. J World’s Poult Sci 76:154–167.  h t t 
p  s : /  / d o i  . o  r g /  1 0 . 1  0 8 0  / 0 0  4 3 9  3 3 9  . 2 0 1  9 .  1 6 8 0 0 2 5

Hata ME, Caetano SL, Boleli IC, Queiroz SA (2018) Genetic and 
environmental effects on tonic immobility duration of red-winged 
tinamou applying survival analysis. Rev Bras Cienc Avic 20:287–
296.  h t t p  s : /  / d o i  . o  r g /  1 0 . 1  5 9 0  / 1 8  0 6 - 9 0 6 1 - 2 0 1 7 - 0 5 0 5

Huber Eicher B, Sebo F (2001) The prevalence of feather pecking and 
development in commercial flocks of laying hens. Appl Anim 
Behav Sci 74:223–231.  h t t p  s : /  / d o i  . o  r g /  1 0 . 1  0 1 6  / S 0  1 6 8 - 1 5 9 1 ( 0 1 ) 
0 0 1 7 3 - 3

Ipek A, Sozcu A (2017) The effects of access to pasture on growth 
performance, behavioural patterns, some blood parameters, and 

fast-growing broilers under the intensive system. J Trop Anim 
Health Prod 54:312.  h t t p  s : /  / d o i  . o  r g /  1 0 . 1  0 0 7  / s 1  1 2 5 0 - 0 2 2 - 0 3 3 1 5 - 3

Akyüüz ÇH, Ombaşılar EE, Yalçın S (2024) Tibia properties in broil-
ers raised on their own commercial diets with different growth 
rates and sex during a 10-week rearing period. Vet Med Sci 
10(3):10:e1455.  h t t p  s : /  / d o i  . o  r g /  1 0 . 1  0 0 2  / v m  s 3 . 1 4 5 5

Amato MG, Castellini C (2022) Adaptability challenges for organic 
broiler chickens: a commentary. Animals (Basel) 12:1354.  h t t p  s : /  
/ d o i  . o  r g /  1 0 . 3  3 9 0  / a n  i 1 2 1 1 1 3 5 4

Australian Egg Corporation Limited (2012) Australian Egg Corpora-
tion Limited Annual Report 2012.  h t t p  : / /  w w w .  r u  r a l  r d c .  c o m  . a u  / c a  
t a l  o g u e  - r  d c /  a u s t  r a l  i a n  - e g g s / p a g e / 2 /. Accessed 15 May 2024

Bergmann S, Schwarzer A, Wilutzky K, Louton H, Bachmeier J, 
Schmidt P, Erhard M, Rauch E (2017) Behavior as welfare indi-
cator for the rearing of broilers in an enriched husbandry environ-
ment-a field study. J Vet Behav 19:90–101.  h t t p  s : /  / d o i  . o  r g /  1 0 . 1  0 
1 6  / j .  j v e b . 2 0 1 7 . 0 3 . 0 0 3

Bokkers EAM, Koene P (2003) Behaviour of fast- and slow growing 
broilers to 12 weeks of age and the physical consequences. Appl 
Anim Behav Sci 81:59–72.  h t t p  s : /  / d o i  . o  r g /  1 0 . 1  0 1 6  / S 0  1 6 8 - 1 5 9 1 ( 
0 2 ) 0 0 2 5 1 - 4

Bonnefous C, Calandreau L, Le Bihan-Duval E, Ferreira VHB, Barbin 
A, Collin A, Reverchon M, Germain K, Ravon L, Kruger N, 
Mignon-Grasteau S, Guesdon V (2023) Behavioural indicators of 
range use in four broiler strains. Appl Anim Behav Sci 260.  h t t p  s 
: /  / d o i  . o  r g /  1 0 . 1  0 1 6  / j .  a p p  l a n  i m . 2  0 2  3 . 1 0 5 8 7 0 1 0 5 8 7 0

Campbell DLM, Hinch GN, Downing JA, Lee C (2018) Early enrich-
ment in free-range laying hens: effects on ranging behaviour, wel-
fare and response to stressors. Animal 12:575–584.  h t t p  s : /  / d o i  . o  r g 
/  1 0 . 1  0 1 7  / S 1  7 5 1 7 3 1 1 1 7 0 0 1 8 5 9

Campbell DLM, Dickson EJ, Lee C (2019) Application of open field, 
tonic immobility, and attention bias tests to hens with different 
ranging patterns. PeerJ 7:e8122.  h t t p  s : /  / d o i  . o  r g /  1 0 . 7  7 1 7  / p e  e r j . 8 1 2 2

Çapar Akyüz H, Onbaşılar EE (2020) Non-infectious skeletal disor-
ders in broilers. World’s Poult Sci J 76(3):611–623.  h t t p  s : /  / d o i  . o  r 
g /  1 0 . 1  0 8 0  / 0 0  4 3 9  3 3 9  . 2 0 2  0 .  1 7 5 9 3 8 8

Chen X, Jiang W, Tan H, Xu GF, Zhang XB, Wei S, Wang XQ (2013) 
Effects of outdoor access on growth performance, carcass com-
position, and meat characteristics of broiler chickens. Poult Sci 
92:435–443.  h t t p  s : /  / d o i  . o  r g /  1 0 . 3  3 8 2  / p s  . 2 0 1 2 - 0 2 3 6 0

Cloutier S, Newberry RC, Forster CT, Girsberger KM (2000) Does 
pecking at inanimate stimuli predict cannibalistic behaviour in 
domestic fowl? Appl Anim Behav Sci 66(1):119–133.  h t t p  s : /  / d o i  . 
o  r g /  1 0 . 1  0 1 6  / S 0  1 6 8 - 1 5 9 1 ( 9 9 ) 0 0 0 6 8 - 4

European Commission (2016) Report from the Commission to the 
European Parliament and the Council: on the impact of genetic 
selection on the welfare of chickens kept for meat production 
COM/2016/0182.  h t t p  s : /  / w w w  . e  u m o  n i t o  r . e  u / 9  3 5 3  0 0 0  / 1 / j  9 v  v i k  7 
m 1 c  3 g y  x p /  v k 3 7 5 l 4 c j n v g. Accessed 10 April 2024

Davies J (2019) Slow-growing birds are fast becoming mainstream.  
h t t p  s : /  / w w w  . p  o u l  t r y w  o r l  d . n  e t /  M e a  t / A r  t i  c l e  s / 2 0  1 9 /  7 / S  l o w  - g r  o w i 
n  g -  b i r  d s - a  r e -  f a s  t - b  e c o  m i n g  - m  a i n s t r e a m - 4 5 4 2 8 7 E /. Accessed 10 
April 2024

Dawkins MS (1989) Time budgets in red junglefowl as a baseline for 
the assessment of welfare in domestic fowl. Appl Anim Behav Sci 
24:77–80.  h t t p  s : /  / d o i  . o  r g /  1 0 . 1  0 1 6  / 0 1  6 8 - 1 5 9 1 ( 8 9 ) 9 0 1 2 6 - 3

Demir MT, Ünal N, Onbaşılar EE (2025) The effects of LED lights 
in different colors on fattening performance, litter characteristics, 
meat properties, and some welfare parameters in broilers. Ankara 
Univ Vet Fak Derg 72 (1): 77–82.  h t t p  s : /  / d o i  . o  r g /  1 0 . 3  3 9 8  8 / a  u v f 
d . 1 3 9 4 0 6 8

Erbay Elibol FK, Onbaşılar EE, Karakan T, Taban S, Demir T (2021) 
Effects of genotype on the biomechanical parameters and com-
position of bone in the laying hen embryos. Ankara Univ Vet Fak 
Derg, 68: 39–46.  h t t p  s : /  / d o i  . o  r g /  1 0 . 3  3 9 8  8 / a  u v f d . 6 9 0 0 4 9

1 3

  239  Page 8 of 9

https://doi.org/10.1007/s11356-021-16495-6
https://doi.org/10.4081/ijas.2009.165
https://doi.org/10.4081/ijas.2009.165
https://doi.org/10.1016/j.beproc.2019.103888
https://doi.org/10.1016/j.beproc.2019.103888
https://doi.org/10.1007/s10071-020-01389-w
https://doi.org/10.1098/rsbl.2019.0721
https://doi.org/10.1098/rsbl.2019.0721
https://doi.org/10.3390/ani13152540
https://doi.org/10.3390/ani13152540
https://doi.org/10.1371/journal.pone.0087727
https://doi.org/10.1371/journal.pone.0087727
https://doi.org/10.4314/sajas.v51i1.3
https://doi.org/10.3390/ani11102967
https://doi.org/10.3390/ani11102967
https://doi.org/10.2307/1590198
https://doi.org/10.2307/1590198
https://doi.org/10.1111/asj.13962
https://doi.org/10.1080/00439339.2019.1680025
https://doi.org/10.1080/00439339.2019.1680025
https://doi.org/10.1590/1806-9061-2017-0505
https://doi.org/10.1016/S0168-1591(01)00173-3
https://doi.org/10.1016/S0168-1591(01)00173-3
https://doi.org/10.1007/s11250-022-03315-3
https://doi.org/10.1002/vms3.1455
https://doi.org/10.3390/ani12111354
https://doi.org/10.3390/ani12111354
http://www.ruralrdc.com.au/catalogue-rdc/australian-eggs/page/2/
http://www.ruralrdc.com.au/catalogue-rdc/australian-eggs/page/2/
https://doi.org/10.1016/j.jveb.2017.03.003
https://doi.org/10.1016/j.jveb.2017.03.003
https://doi.org/10.1016/S0168-1591(02)00251-4
https://doi.org/10.1016/S0168-1591(02)00251-4
https://doi.org/10.1016/j.applanim.2023.105870105870
https://doi.org/10.1016/j.applanim.2023.105870105870
https://doi.org/10.1017/S1751731117001859
https://doi.org/10.1017/S1751731117001859
https://doi.org/10.7717/peerj.8122
https://doi.org/10.1080/00439339.2020.1759388
https://doi.org/10.1080/00439339.2020.1759388
https://doi.org/10.3382/ps.2012-02360
https://doi.org/10.1016/S0168-1591(99)00068-4
https://doi.org/10.1016/S0168-1591(99)00068-4
https://www.eumonitor.eu/9353000/1/j9vvik7m1c3gyxp/vk375l4cjnvg
https://www.eumonitor.eu/9353000/1/j9vvik7m1c3gyxp/vk375l4cjnvg
https://www.poultryworld.net/Meat/Articles/2019/7/Slow-growing-birds-are-fast-becoming-mainstream-454287E/
https://www.poultryworld.net/Meat/Articles/2019/7/Slow-growing-birds-are-fast-becoming-mainstream-454287E/
https://www.poultryworld.net/Meat/Articles/2019/7/Slow-growing-birds-are-fast-becoming-mainstream-454287E/
https://doi.org/10.1016/0168-1591(89)90126-3
https://doi.org/10.33988/auvfd.1394068
https://doi.org/10.33988/auvfd.1394068
https://doi.org/10.33988/auvfd.690049


Veterinary Research Communications          (2025) 49:239 

Savory CJ, Wood-Gush DGM, Duncan IJH (1978) Feeding behavior 
in a population of domestic fowls in the wild. Appl Anim Ethol 
4:13–27.  h t t p  s : /  / d o i  . o  r g /  1 0 . 1  0 1 6  / 0 3  0 4 - 3 7 6 2 ( 7 8 ) 9 0 0 9 0 - 1

Shynkaruk T, Long K, LeBlanc C, Schwean-Lardner K (2023) Impact 
of stocking density on the welfare and productivity of broiler 
chickens reared to 34 d of age. J Appl Poult Res 32:100344.  h t t p  s 
: /  / d o i  . o  r g /  1 0 . 1  0 1 6  / j .  j a p r . 2 0 2 3 . 1 0 0 3 4 4

Stefanetti V, Mancinelli AC, Pascucci L, Menchetti L, Castellini C, 
Mugnai C, Fiorilla E, Miniscalco B, Chiattelli D, Franciosini MP, 
Proietti PC (2023) Effect of rearing systems on immune status, 
stress parameters, intestinal morphology, and mortality in con-
ventional and local chicken breeds. Poult Sci 102:103110.  h t t p  s : /  
/ d o i  . o  r g /  1 0 . 1  0 1 6  / j .  p s j . 2 0 2 3 . 1 0 3 1 1 0

Thiam M, Barreto Sanchez AL, Zhang J, Wen J, Zhao G, Wang Q 
(2022) Investigation of the potential of heterophil/lymphocyte 
ratio as a biomarker to predict colonization resistance and inflam-
matory response to salmonella enteritidis infection in chicken. 
Pathogens 11:72.  h t t p  s : /  / d o i  . o  r g /  1 0 . 3  3 9 0  / p a  t h o g e n s 1 1 0 1 0 0 7 2

Varol Avcılar O, Kocakaya A, Onbasılar EE, Pirpanahi M (2018) 
Influence of sepiolite additions to different litter materials on 
performance and some welfare parameters of broilers and litter 
characteristics. Poult Sci 97:3085–3091.  h t t p  s : /  / d o i  . o  r g /  1 0 . 3  3 8 2  
/ p s  / p e y 1 8 5

Wang KH, Shi SR, Dou TC, Sun HJ (2009) Effect of a free-range rais-
ing system on growth performance, carcass yield, and meat qual-
ity of slow-growing chicken. Poult Sci 88:2219–2223.  h t t p  s : /  / d o i  
. o  r g /  1 0 . 3  3 8 2  / p s  . 2 0 0 8 - 0 0 4 2 3

Wecke C, Khan DR, Sünder A, Liebert F (2017) Age and gender 
depending growth of feathers and feather-free body in modern 
fast growing meat-type chickens. Open J Anim Sci 7:379–392.  h t 
t p  s : /  / d o i  . o  r g /  1 0 . 4  2 3 6  / o j  a s . 2 0 1 7 . 7 4 0 2 9

Welfare Quality Consortium® (2009) Welfare quality assessment pro-
tocol for poultry (broilers, laying hens). ASG Veehouderij BV, 
Lelystad

Zhao ZG, Li JH, Li X, Bao J (2014) Effects of housing systems on 
behaviour, performance, and welfare of fast-growing broilers. 
Asian-Australas J Anim Sci 27:140–146.  h t t p s :   /  / d o  i . o  r  g  /  1 0  . 5 7   1 3 
/  a  j a s . 2  0 1 3 . 1 3 1 6 7

Publisher’s note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

carcass yield of a slow-growing broiler genotype. J Appl Anim Res 
45:464–469.  h t t p  s : /  / d o i  . o  r g /  1 0 . 1  0 8 0  / 0 9  7 1 2  1 1 9  . 2 0 1  6 .  1 2 1 4 1 3 6

Korver DR (2023) Review: current challenges in poultry nutrition, 
health and welfare. Animals (Basel) 17:100755.  h t t p  s : /  / d o i  . o  r g /  1 
0 . 1  0 1 6  / j .  a n i m a l . 2 0 2 3 . 1 0 0 7 5 5

Kwon BY, Park J, Kim DH, Lee KW (2024) Assessment of welfare 
problems in broilers: focus on musculoskeletal problems associ-
ated with their rapid growth. Animals (Basel) 14:1116.  h t t p  s : /  / d o i  
. o  r g /  1 0 . 3  3 9 0  / a n  i 1 4 0 7 1 1 1 6

Lambton SL, Knowles TG, Yorke C, Nicol CJ (2015) The risk fac-
tors affecting the development of vent pecking and cannibalism 
in free-range and organic laying hens. Anim Welf 24:101–111.  h t 
t p  s : /  / d o i  . o  r g /  1 0 . 7  1 2 0  / 0 9  6 2 7 2 8 6 . 2 4 . 1 . 1 0 1

Marchewka J, Sztandarski PZ, Zdanowska-Sąsiadek K, Damaziak F, 
Wojciechowski A, Riber B, Gunnarsson S (2020) Associations 
between welfare and ranging profile in free-range commercial and 
heritage meat-purpose chickens (Gallus gallus domesticus). Poult 
Sci 99:4141–4152.  h t t p  s : /  / d o i  . o  r g /  1 0 . 1  0 1 6  / j .  p s j . 2 0 2 0 . 0 5 . 0 4 4

Mikulski D, Celej J, Jankowski J, Majewska T, Mikulska M (2011) 
Growth performance, carcass traits and meat quality of slower-
growing and fast-growing chickens raised with and without out-
door access. Asian-Australas J Anim Sci 24:1407–1416.  h t t p  s : /  / d 
o i  . o  r g /  1 0 . 5  7 1 3  / a j  a s . 2 0 1 1 . 1 1 0 3 8

Minias P (2019) Evolution of heterophil/lymphocyte ratios in response 
to ecological and life-history traits: a comparative analysis across 
the avian tree of life. J Anim Ecol 88:554–565.  h t t p  s : /  / d o i  . o  r g /  1 0 
. 1  1 1 1  / 1 3  6 5 - 2 6 5 6 . 1 2 9 4 1

Mosca F, Zaniboni L, Iaffaldano N, Abdel Sayed A, Mangiagalli MG, 
Pastorelli G, Cerolini S (2019) Free-range rearing density for 
male and female Milanino chickens: growth performance and 
stress markers. J Appl Poult Res 28:1342–1348.  h t t p  s : /  / d o i  . o  r g /  
1 0 . 3  3 8 2  / j a  p r / p f z 0 5 7

Riber AB, Van De Weerd HA, De Jong IC, Steenfeldt S (2018) Review 
of environmental enrichment for broiler chickens. Poult Sci 
97:378–296.  h t t p  s : /  / d o i  . o  r g /  1 0 . 3  3 8 2  / p s  / p e x 3 4 4

Salamano G, Mellia E, Tarantola M, Gennero MS, Doglione L, Schia-
vone A (2010) Acute phase proteins and heterophil:lymphocyte 
ratio in laying hens in different housing systems. Vet Rec 
167:749–751.  h t t p  s : /  / d o i  . o  r g /  1 0 . 1  1 3 6  / v r  . c 5 3 4 9

Sandilands V, Powell K, Keeling LJ, Savory J (2004) Preen gland 
function in layer fowls: factors affecting preen oil fatty acid com-
position. Br Poult Sci 45:109–115.  h t t p  s : /  / d o i  . o  r g /  1 0 . 1  0 8 0  / 0 0  0 7 1 
6 6 0 4 1 0 0 0 1 6 6 8 9 3 2

1 3

Page 9 of 9   239 

https://doi.org/10.1016/0304-3762(78)90090-1
https://doi.org/10.1016/j.japr.2023.100344
https://doi.org/10.1016/j.japr.2023.100344
https://doi.org/10.1016/j.psj.2023.103110
https://doi.org/10.1016/j.psj.2023.103110
https://doi.org/10.3390/pathogens11010072
https://doi.org/10.3382/ps/pey185
https://doi.org/10.3382/ps/pey185
https://doi.org/10.3382/ps.2008-00423
https://doi.org/10.3382/ps.2008-00423
https://doi.org/10.4236/ojas.2017.74029
https://doi.org/10.4236/ojas.2017.74029
https://doi.org/10.5713/ajas.2013.13167
https://doi.org/10.5713/ajas.2013.13167
https://doi.org/10.1080/09712119.2016.1214136
https://doi.org/10.1016/j.animal.2023.100755
https://doi.org/10.1016/j.animal.2023.100755
https://doi.org/10.3390/ani14071116
https://doi.org/10.3390/ani14071116
https://doi.org/10.7120/09627286.24.1.101
https://doi.org/10.7120/09627286.24.1.101
https://doi.org/10.1016/j.psj.2020.05.044
https://doi.org/10.5713/ajas.2011.11038
https://doi.org/10.5713/ajas.2011.11038
https://doi.org/10.1111/1365-2656.12941
https://doi.org/10.1111/1365-2656.12941
https://doi.org/10.3382/japr/pfz057
https://doi.org/10.3382/japr/pfz057
https://doi.org/10.3382/ps/pex344
https://doi.org/10.1136/vr.c5349
https://doi.org/10.1080/00071660410001668932
https://doi.org/10.1080/00071660410001668932

	Differences between behavioral time budget and welfare indicators in two different slow-growing broiler genotypes kept in the free-range system
	Abstract
	Introduction
	Materials and methods
	Animals and housing
	Data collection
	Statistical analysis

	Results
	Discussion
	References


