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ABSTRACT Alternative flooring designs in broiler
housing have been the subject of intensive research.
Research comparing different floor types with a focus on
animal-based welfare indicators might be of special inter-
est to meet the animal’s needs. This case–control study
investigated the effect of a partially perforated vs. a
littered flooring system on health- and behavior-based
welfare indicators of fast-growing Ross 308 broilers.
Furthermore, production performance was assessed. The
experimental barn was partially (50%) equipped with a
perforated floor directly underneath the feeders andwater
lines accessible by perforated ramps. Conventional wood
shavingswere used in the control barn, as usual inpractice.
There were 4 fattening periods (repetitions) of 31 to 32 D
performed with 500 animals per barn (final density of
39 kg m22). Beside the flooring system, management
conditions were identical. Health- and behavior-based
welfare indicators were assessed weekly. Production
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performance indicators were measured continuously dur-
ing animal control. During the avoidance distance test,
animals were less fearful on day 21 (P5 0.010) and tended
to be less fearful on day 28 (P5 0.083) in the barnwith the
partially perforated flooring system compared to the lit-
tered control barn. More animals around the novel object
were also assessed in the barnwith the partially perforated
flooring system during the novel object test on day 1
(P , 0.001) and a tendency was found on day 28
(P5 0.064). Results showed that the partially perforated
flooring system had a positive influence on foot pad
dermatitis from day 14 (all P � 0.007) and hock burn on
day 28 (P , 0.001). With regard to the production
performance, animals showed no differences in final body
weight for both floor types. In this study, the partially
perforated flooring system had a positive effect on animal
health and behavior as indicated by welfare indicators
without a reduction in production performance.
Key words: broiler production, alternative floorin
g, animal welfare, animal health, animal behavior
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INTRODUCTION

In Germany, broilers are conventionally housed in
deep-litter systems with organic bedding materials.
From an economic point of view, the costs of bedding
materials and labor are important factors. New bedding
and laborious manure removal during the fattening
period is unusual in practice. Because animal welfare is
gaining public interest, housing systems should not
only be economical but also adapted to animal’s needs.
The Welfare Quality Assessment protocol for poultry
of Welfare Quality (2009) serves to quantify animal wel-
fare in broilers and laying hens. Management, physiolog-
ical, and health, as well as behavioral, indicators are used
to assess the suitability of a husbandry environment for
the animals. Based on 4 main principles (good feeding,
good housing, good health, and appropriate behavior),
management- and animal-based information can be
collected on farm (Welfare Quality, 2009).

In conventional deep-litter systems, broilers are usu-
ally kept in an unstructured housing environment,
spending the whole fattening period in direct contact
with litter (Bergmann et al., 2017). According to
Shepherd and Fairchild (2010), litter is referred to as a
mixture of bedding material, excrements, feathers,
wasted feed, and moisture. One of the main functions
of litter is to absorb moisture, to store it, and to release
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it after evaporation via the ventilation system (Dunlop
et al., 2016). Nevertheless, Elwinger and Svensson,
1996 reported a reduction in litter’s dry matter from
92 to 64% between day 0 and day 35 of the fattening
period. Litter is defined as wet if the rate of water addi-
tion exceeds the rate of removal and the dry matter con-
tent is less than 75% (Collett, 2012). From day 14, about
80% of litter’s dry matter consists of excrements and feed
residues (Kamphues et al., 2011). Therefore, the animals
spend at least half of the fattening period in contact with
litter with a high percentage of moisture and excre-
ments. Permanent contact with litter with these proper-
ties can lead to foot pad dermatitis, hock burn, plumage
contamination, and a reduction in production perfor-
mance (De Jong et al., 2014). These circumstances can
cause discomfort, pain, injury, or diseases and will,
therefore, be classified as reducing animal welfare.

Studies on housing broilers on perforated floors have
shown that separating broilers from the litter can be use-
ful to increase animal welfare. It could be identified that
perforated floors can reduce the occurrence of foot pad
dermatitis (Cengiz et al., 2013), as well as hock burn
and plumage contamination (Almeida et al., 2017)
compared to deep-litter systems. Chuppava et al.
(2018) even showed economic advantages for the use of
perforated floors due to an increase in production
performance.

The main disadvantage of a totally perforated flooring
system is the missing bedding material for exercising
natural behavior (Blokhuis, 1989). Bedding materials
have a major effect on the behavior and the physiology
of the animals (Nowaczewski et al., 2011; Cabrera
et al., 2018). Several studies showed that many of the
broiler’s natural behaviors like pecking, scratching, and
dust bathing are exhibited in contact to bedding
material (Shields et al., 2005; Villagr�a et al., 2014;
Baxter et al., 2018). In addition, it was reported that
an enrichment of the housing environment through
elevated surfaces, ramps, and other structural elements
increases the complexity of the housing system and
thus animal welfare (Ventura et al., 2012; Bergmann
et al., 2017; Tahamtani et al., 2018, 2019; Bach et al.,
2019; De Jong and Gunnink, 2019). For example,
Baxter et al. (2019) reported an increase in animal wel-
fare when broilers were kept with access to perforated
platform perches.

The idea of the study was to combine the positive
effects of perforated and littered areas in broiler housing
and, therefore, to increase animal welfare. An elevated
perforated floor in the area of feed and water supply
could reduce the animals’ contact to litter with a high
percentage of moisture and excrements and thus
improve animals’ health. Owing to the elevated position,
the perforated area could contribute to an increase in
environmental enrichment and an enhanced environ-
mental complexity in broiler houses. At the same time,
littered areas could provide access to bedding material
to exhibit natural behavior such as scratching, pecking,
and dust bathing. The aim of the study was therefore
to compare animal-based welfare indicators for broilers
kept on a partially (50%) perforated flooring system
with conventional deep-litter housing.
MATERIALS AND METHODS

Animals and Housing

This case–control study was carried out at the
Educational and Research Center Frankenforst of
the Faculty of Agriculture, University of Bonn
(K€onigswinter, Germany; 55� 420 55N and 7� 120 26E).
The experiments were performed in accordance with
German regulations and approved by the relevant au-
thority (Landesamt f€ur Natur-, Umwelt- und Verbrau-
cherschutz Nordrhein-Westfalen, Recklinghausen;
81.02.04.2018.A057). A total of 4 fattening periods of
31 to 32 D were carried out in 4 different seasons, from
August 2018 to June 2019. To fulfil the conditions of a
case–control study (experimental vs. control barn), 2
identical barns were used. Each barn measured
5.3 ! 4.7 ! 2.3 m (17.4 ! 15.4 ! 7.5 feet; ca. 25 m2

and ca. 57 m3), with a housing capacity of 500 fast-
growing Ross 308 broilers and a final density of
39 kg m22. Both barns were ventilated by negative pres-
sure ventilation, whereby the ventilation rate and the
barn temperature were adapted to the management
guide given for Ross 308 (Aviagen, 2018). Automatically
controlled climate computers (PL-9400, Stienen Bedrijf-
selektronica B.V., RT Nederweert, Netherlands) were
used to ensure identical conditions for both barns. As
usual in practice, the management followed an “all in/
all out” production cycle. The animals were hatched in
the hatchery (BWE-Br€uterei Weser-Ems GmbH & Co.
KG, Rechterfeld, Germany) and placed on feed and wa-
ter immediately after transport. After the fattening
period, the broilers were slaughtered. The service period
between the fattening periods was used to clean and pro-
vide both barns with new wood shavings (except the area
of the perforated floor). Standard broiler feed (Deuka,
Deutsche Tiernahrung Cremer GmbH & Co. KG,
D€usseldorf, Germany) and water were offered to the an-
imals for ad libitum consumption. Table 1 shows the
ingredients and nutrient composition of the commercial
broiler diets. According to the German Order on the
Protection of Animals and the Keeping of Production
Animals (2006), both barns were equipped with 4 round
feeders (1.07 cm per animal) and 2 water lines (9 animals
per nipple). Furthermore, both barns were equipped
with windows (light entrance area: 3% of floor space).
The additional lighting program is shown in Table 2.
A dawn to dusk program with 1 hour each was used to
create transitions between the light and dark periods.
As an enrichment tool, a limited number of Miscanthus
briquettes (Campus Klein-Altendorf, Rheinische
Friedrich-Wilhelms-University Bonn, Rheinbach, Ger-
many) were added on day 14, 21, and 28 in both barns.
Animals were vaccinated against Newcastle disease (day
13), Gumboro disease (day 18), and infectious bronchitis
(day 18).



Table 1. Ingredients and nutrient composition of commercial
broiler diets.

Starter Grower Finisher

Metabolic energy (MJ/kg) 12.40 12.40 12.40
Crude protein (%) 21.50 21.00 20.00
Crude fat (%) 5.20 6.10 5.50
Crude fiber (%) 3.10 3.30 3.30
Crude ash (%) 5.40 5.00 4.90
Calcium (%) 0.90 0.80 0.80
Phosphorus (%) 0.60 0.55 0.50
Sodium (%) 0.14 0.14 0.14
Lysine (%) 1.25 1.15 1.05
Methionine (%) 0.55 0.50 0.50
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Floor Design

The floor of the experimental barn was partially (50%)
equipped with an elevated perforated floor (Figure 1).
Polypropylene-based perforated elements (Golden
Broiler Floor, FIT Farm Innovation Team GmbH, Stein-
furt, Germany) were modified as the basis of the construc-
tion. These perforated elements seemed to be useful
because they were walkable and easy to adapt to the
experimental setup. The construction of the perforated
floor had a size of 5.3 ! 2.4 m (17.4 ! 7.9 feet) and
was located underneath the feeders and water lines in
the middle of the barn (Figure 2). Exactly underneath
the feeders and water lines, there was a horizontal area
with perforated elements. Each perforated element
measured 1,198 ! 560 ! 40 mm (lengths x width x
height), and the openings were 15 ! 15 mm (lengths x
width) in size. To ensure storage capacity of the excre-
ments, the horizontal area had a ground clearance of
150 mm. A construction of polyethylene posts (PE-HD
pipe 200) and flat steel beams (type V2A;
5.3 ! 5 ! 50 mm) were used for stabilization. The hor-
izontal area was accessible by the animals via perforated
ramps with an angle of 27�, constructed by the same floor
type. The remaining concrete floor area of 12.2 m2 was
equipped with conventional wood shavings (600 g m22).
The control barn was completely equipped with conven-
tional wood shavings (600 g m22) and served as control
group (Figure 2). Except for the construction of the perfo-
rated floor in the experimental barn, both barns were set
up and operated identically (case–control study). The
experimental and control barn were changed once after
the fall fattening period to avoid an effect of the barn
buildings themselves on the results.
Table 2. Lighting program during the fattening periods.

Day of life [d] Light [h] Dark [h]

0 24 0
1 22 2
2 20 4
3 to 29 18 6
30 20 4
31 22 2
32 24 0
Behavior-Based Welfare Indicators

With regard to the behavioral welfare indicators, the
avoidance distance test (ADT) and the novel object
test (NOT) were carried out as described by Welfare
Quality (2009). Observations were always carried out
by the same person on day 1, 7, 14, 21, and 28.
The assessment of the animal-based welfare indicators

on the different assessment days always started with the
ADT. The ADT introduced in its procedure by Welfare
Quality (2009) is considered a validated method to
investigate the human–animal relationship. The
reaction of animals to an observer can be classified as
an indicator of general fearfulness and, therefore, of ani-
mal welfare. On assessment day 1, the ADT started 2 h
after morning feeding in the control barn.With regard to
the following assessment day, the order changed and the
observer started in the experimental barn. The weekly
order changes were applied to avoid an effect of starting
time. After entering the barn, the observer waited 5 min
for the animals to calm down. According to Welfare
Quality (2009), the test consists of 21 trials all over the
barn. Due to the size of the barns (ca. 25 m2), only 12 tri-
als were carried out to avoid repeated scoring of the same
animals. Regardless of the assessment day and the floor
type, the trials were always carried out at the same posi-
tions and in the same order (Figure 3). In each trial, the
observer went to a position, squatted for 10 s, and
counted the number of animals in arm’s reach (1 m).
Every attempt to approach a group of animals was
considered a trial. If no animals were around the
observer after 10 s, the numerical value was still recorded
as “0” and the next trial was started.

After the ADT, the NOT was carried out. The NOT is
a validated method by Welfare Quality (2009) to deter-
mine general fearfulness and neophobia as an indicator
for animal welfare in poultry. The principle is to confront
the animals with an unknown object and to assess the
following reaction. First, the observer selected 4 different
positions, where the most animals have stayed
(including the perforated floor, if animals were present).
On every assessment day, care was taken to ensure that
the number of animals at the different positions was
comparable for both barns. After that, the novel object
was placed on the ground, and the observer moved
1.5 m backwards and counted the animals around the
novel object every 10 s for a total time of 2 min. The
radius for counting was one bird length, adjusted weekly
to the increasing size of the animals. If no animals were
around the novel object at any time of assessment, the
numerical value was still recorded as “0.” This procedure
was repeated at the 4 different positions. Every week, a
different novel object was used. Because the color of
the novel object has an impact on the behavior of the an-
imals (Ham and Osorio, 2007), the objects had identical
proportions of green, yellow, and red.
Litter Quality

Following the assessment of the behavior-based wel-
fare indicators on day 1, 7, 14, 21, and 28, litter quality
was recorded according to Welfare Quality (2009).



Figure 1. Illustration of a partially perforated flooring system in the area of feed and water supply in the experimental barn (A) compared to a
littered flooring system in the control barn (B).

ADLER ET AL.3346
Figure 3 shows the positions where the litter samples
were taken. A total of 5 litter samples were taken in
the littered control barn and 4 litter samples in the
experimental barn (no litter in the perforated area). A
scoring system from 0 to 4 was used to evaluate the litter
quality (Welfare Quality, 2009). Score 0 was equal to
“completely dry and flaky, that is, moves easily with
the foot”; score 1 was equal to “dry but not easy to
move with foot”; score 2 was equal to “leaves imprint of
foot and will form a ball if compacted, but ball does
not stay together well”; score 3 was equal to “sticks to
boots and sticks readily in a ball if compacted”; and score
4 was equal to “sticks to boots once the cap or compacted
crust is broken.”
Health-Based Welfare Indicators

After the litter quality assessment, health-based
welfare indicators were assessed on day 1, 7, 14, 21,
and 28 by Welfare Quality (2009). For the evaluation
of the health indicators, 50 broilers per barn and test
day were randomly selected. To ensure a representa-
tive sample, care was taken to catch the animals
equally from all areas of the barn. After that, animals
were examined with regard to foot pad dermatitis,
hock burn, and plumage cleanliness. According to
the scoring system of Welfare Quality (2009), a
scoring range from 0 to 2 was used to evaluate foot
pad dermatitis and hock burn. No evidence of foot
pad dermatitis or hock burn was equal to score 0, min-
imal evidence of foot pad dermatitis or hock burn was
equal to score 1, and evidence of foot pad dermatitis
or hock burn was equal to score 2. For plumage clean-
liness, a scoring from 0 to 3 was used. No soiling of the
breast was equal to score 0, mild soiling of the breast
was equal to score 1, increased soiling of the breast
Figure 2. Layout of 2 broiler housing systems; a partially perforated floor u
experimental barn (A) and a total littered floor in the control barn (B).
was equal to score 2, and severe soiling of the breast
was equal to score 3. Observations were always car-
ried out by the same person.
Production Performance

For the evaluation of the production performance,
body weight, feed consumption, and mortality were
recorded. To measure the initial body weight, 50
randomly selected animals per barn were weighed imme-
diately after transport with a platform scale (Kern DE
6K1D, KERN & SOHN GmbH, Balingen, Germany).
During the first fattening period (summer), no initial
body weight was recorded. The 50 randomly selected an-
imals per barn from the health assessment were weighed
on day 1, 7, 14, 21, and 28. Another 20 randomly selected
animals per barn were weighed on day 31 to 32 to record
the final body weight. Feed consumption was deter-
mined as cumulated feed intake per week divided by
the number of animals, expressed in kg. Feed consump-
tion was adjusted for mortality, which was documented
daily during animal control. The feed conversion ratio
(FCR) was calculated as a quotient of the feed consump-
tion and the total weight gain at the end of the fattening
period. To compare the efficiency of different flocks, the
European Production Efficiency Factor (EPEF) was
calculated:

EPEF5
survival rate!final body weight

age!feed conversion ratio
!100 (1)

where EPEF 5 European Production Efficiency Factor,
survival rate 5 percentage of animals that survived to
the end of the fattening period (%), final body
weight 5 average body weight at the end of the fattening
period (kg bird21), age 5 age of the broilers at the end of
nderneath the feeders and water lines with access to a littered area in the



Figure 3. Layout of 2 broiler housing systems with 2 different floor types including measurement positions for the litter quality, avoidance distance
test (ADT), air temperature (Temp), and relative air humidity (RH).
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the fattening period (day), feed conversion ratio 5 feed
consumption (kg bird21)/total weight gain (kg bird21).
Environmental Factors

To measure air temperature (Temp) and relative air
humidity (RH), the experimental and control barn
were evenly equipped with 3 data loggers (Tiniytag
Plus 2–TGP-4,500 loggers, Gemini Data Loggers Ltd.,
Chichester, West Sussex, UK) at 55 cm height
(Figure 3). On the basis of 3 measurements per minute
and measurement point, the average Temp and RH
were calculated from 480 values per barn and day.
Statistical Analysis

For statistical analysis, SPSS Statistics 25 was used
(IBM Corporation, Armonk, USA). Graphical presenta-
tion was done with SigmaPlot 14.0 (Systat Software
Inc., Chicago, USA).
Health- and behavior-based welfare indicators as well

as litter quality data were analyzed by general linear
models (GLM). Link function was Poisson distributed.
Owing to the lack of variability of the recorded health-
based welfare indicators as well as litter quality data
on day 1, these data were excluded from the statistical
analysis. In the first step, univariate GLM were used to
select the significant main effects with ADT, NOT, litter
quality, foot pad dermatitis, hock burn, and plumage
cleanliness as response variables. Significant main effects
were then analyzed by multifactorial GLM. After back-
ward selection, the final GLM were presented with inter-
action terms (floor type x day) and can be found in
Supplementary Tables 1–7. The P-values were corrected
by Bonferroni. Differences P � 0.05 were considered sta-
tistically significant; 0.05 , P , 0.10 were considered a
tendency.
For production performance, differences between

body weight, feed consumption, cumulated daily
mortality, FCR, and EPEF were presented with 95%
confidence interval (95% CI).

Temp and RH were tested for normal distribution us-
ing the Kolmogorov–Smirnov test. Because data were
not normal distributed, Spearman’s rho correlation anal-
ysis was applied to compare the 2 different flooring
systems regarding average daily Temp and RH over
the fattening periods (n 5 4).
RESULTS

Behavior-Based Welfare Indicators

A comparison of the average weekly number of ani-
mals in arm’s reach of the observer during the ADT
showed differences between the partially perforated
and the littered flooring system (Figure 4). On day 21,
a significantly higher number of animals could be
observed in arm’s reach of the observer in the barn
with the partially perforated flooring system compared
to the littered control barn (P 5 0.010). Furthermore,
there was a tendency that more animals around the
observer were found on day 28 when kept on the
partially perforated flooring system (P 5 0.083). For
both floor types, the lowest number of animals in arm’s
reach of the observer could be found on day 7 and the
highest number on day 28.

Independent of floor type, the highest number of ani-
mals around the observer could be found in the summer
and the lowest in the fall fattening period (P, 0.001). In
general, a higher number of animals could be found in
the littered areas next to the feeders and water lines
compared to the area of feed and water supply in the
middle of the barn (P , 0.001). With each trial carried
out during the different assessment days, the number
of animals in arm’s reach of the observer increased
(P 5 0.005).

Figure 5 shows the average weekly number of animals
around the novel object of the 4 fattening periods



Figure 4. Mean number of animals in arm’s reach of the observer dur-
ing the avoidance distance test (ADT) with standard error from broilers
kept on 2 different floor types measured weekly over 4 different fattening
periods (repetitions; n5 48 values per assessment day and barn). Signif-
icant differences are marked by asterisks: **P , 0.01. Tendencies are
marked by circles: �0.05 , P , 0.10.

ADLER ET AL.3348
(repetitions). On day 1, more animals around the novel
object were observed in the barn with the partially
perforated flooring system compared to the littered con-
trol barn (P , 0.001). Results for day 21 showed a ten-
dency that animals kept on the partially perforated
flooring system were less fearful of the novel object
compared to the littered control barn (P 5 0.064).
For both floor types, the lowest number of animals
around the novel object could be observed on day 7
and the highest on day 28.

In summary, the highest number of animals around
the novel object was found in the summer and the lowest
in the fall fattening period (P , 0.001). Furthermore,
the position (successive performance of the NOT at the
4 different positions) and the counting time (second of
Figure 5. Mean number of animals around the novel object (NO)
during the novel object test (NOT) with standard error from broilers
kept on 2 different floor types measured weekly over 4 different fattening
periods (repetitions; n 5 192 measurements per assessment day and
barn). Significant differences are marked by asterisks: ***P , 0.001.
Tendencies are marked by circles: �0.05 , P , 0.10.
counting) influenced the animals’ reaction of the novel
object. It could be shown that the highest number of an-
imals around the novel object was observed at position 1
and the lowest at position 2. Between position 2 and 4,
the number of animals increased continuously
(P, 0.001). Overall, general fearfulness of the novel ob-
ject decreased with an increase in counting time within
the 4 selected positions (P 5 0.005).
Litter Quality

A decrease in litter quality over the fattening period is
shown in Figure 6. Floor type had no effect on average
litter quality. Overall, a lower litter quality was observed
in the area of feed and water supply of the control barn
compared to the littered areas next to it (P , 0.001).
Health-Based Welfare Indicators

The average weekly foot pad dermatitis scores of the 4
fattening periods (repetitions) are shown in Figure 7. On
day 7, animals of the littered control barn had signifi-
cantly lower foot pad dermatitis scores than animals
kept on the partially perforated flooring system
(P , 0.001). By contrast, animals on day 14 had less
foot pad dermatitis when kept on the partially perforated
flooring system compared to the littered control barn, as
well as on day 21 and on day 28 (P all, 0.007). There was
a continuous decrease in foot pad health for animals kept
in the littered control barn over the time.Animals kept on
the partially perforated flooring system showed a nearly
constant foot pad health from day 14. With regard to
the 4 different fattening periods, animals had the highest
foot pad health in the fall and the lowest in the summer
fattening period (P , 0.001).
A comparison of the average weekly hock burn scores

of the 4 fattening periods (repetitions) revealed a signif-
icant difference between both floor types toward the end
of the fattening period (Figure 8). Results for day 28
showed less hock burns for animals kept on the partially
perforated flooring system compared to animals kept in
the littered control barn (P , 0.001). A decrease in
average hock health toward the end of the fattening
period could be shown for both floor types. In addition,
hock health was influenced by the fattening period
with the highest hock health in the spring flock and
the lowest in the summer flock (P , 0.001).
Figure 9 presents the average weekly plumage cleanli-

ness scores of the 4 fattening periods (repetitions).
Average weekly plumage cleanliness was not affected
by the 2 different floor types. Animals showed a contin-
uous decrease in plumage cleanliness toward the end of
the fattening period with the lowest pollution in the
fall and the highest in the summer fattening period
(P , 0.001).
Production Performance

The average initial and final body weights (g bird21)
of the 4 fattening periods (repetitions) are shown in



Figure 6. Mean scores of litter quality with standard error from
broilers kept on 2 different floor types measured weekly over 4 different
fattening periods (repetitions; n5 16 to 20 litter samples per assessment
day and barn).

Figure 8. Mean scores of hock burn with standard error from broilers
kept on 2 different floor types measured weekly over 4 different fattening
periods (repetitions; n5 200 animals per assessment day and barn). Sig-
nificant differences are marked by asterisks: ***P , 0.001.
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Table 3. Further information on body weight develop-
ment can be found in Supplementary Table 8. There
was an increase in body weight during each fattening
period. In the fall and winter fattening periods, animals
kept on the partially perforated flooring system started
with a lower initial body weight compared to animals
of the littered control barn. There were no differences
in final body weight between both floor types at the
end of each fattening period.
Table 4 shows the feed consumption (kg bird21), cu-

mulative daily mortality (%), FCR, and EPEF of the 4
fattening periods (repetitions). There were no differences
concerning the average production performance indica-
tors of the 4 different fattening periods (repetitions)
between both floor types.
Figure 7. Mean scores of foot pad dermatitis with standard error
from broilers kept on 2 different floor types measured weekly over 4
different fattening periods (repetitions; n 5 200 animals per assessment
day and barn). Significant differences are marked by asterisks:
**P , 0.01, ***P , 0.001.
Environmental Factors

The average daily Temp and RH of the 4 fattening pe-
riods (repetitions) are shown in Figure 10. There was a
statistically significant correlation between the Temp
in the barn with the partially perforated and the littered
flooring system (r(60,599)510.959, P, 0.01, 2-tailed).
In addition, the correlation between the RH of both floor
types was found to be statistically significant
(r(60,599) 5 10.920, P , 0,01, 2-tailed).
DISCUSSION

Behavior-Based Welfare Indicators

During the ADT, animals were less fearful of the
observer toward the end of the fattening period when
kept on the partially perforated flooring system
Figure 9. Mean scores of plumage cleanliness with standard error
from broilers kept on 2 different floor types measured weekly over 4
different fattening periods (repetitions; n 5 200 animals per assessment
day and barn).



Table 3. Average initial and final body weight of broilers kept on 2 different flooring systems
of 4 different fattening periods (repetitions).

Fattening period Floor type Day n Mean SD 95%-CI

Summer Littered 0 N/A N/A N/A N/A
Part. perforated N/A N/A N/A N/A

Fall Littered 0 50 41.42 3.59 [40.40];[42.44]
Part. perforated 50 39.66 2.41 [38.97];[40.35]

Winter Littered 0 50 43.82 3.35 [42.87];[44.77]
Part. perforated 50 41.86 3.02 [41.00];[42.72]

Spring Littered 0 50 41.86 2.94 [41.03];[42.69]
Part. perforated 50 42.06 2.83 [41.26];[42.87]

Summer Littered 31 20 2,007.35 253.10 [1,888.90];[2,125.81]
Part. perforated 20 1,904.20 227.72 [1,797.62];[2,010.78]

Fall Littered 32 20 2,058.05 184.23 [1,971.83];[2,144.27]
Part. perforated 20 2,117.60 235.27 [2,007.49];[2,227.71]

Winter Littered 32 20 2,101.55 208.83 [2,003.81];[2,199.29]
Part. Perforated 20 2,134.85 236.70 [2,024.07];[2,245.63]

Spring Littered 32 20 1,930.40 244.26 [1,816.09];[2,044.72]
Part. Perforated 20 1,963.75 241.77 [1,850.60];[2,076.90]

The table contains the number of animals (n), mean values (mean), standard deviations of mean
values (SD), and 95% confidence intervals (95% CI).

N/A, not available, the data were not collected during the summer fattening period.
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compared to litter flooring. Baxter et al. (2019) also
showed a reduction in general fearfulness for animals
with access to perforated platform perches, assessed
with the avoidance distance method by Graml et al.
(2008). By contrast, Li et al. (2017) showed no effect
of a totally (100%) perforated floor on general fearful-
ness during the ADT. Also, Çavuşo�glu and Petek
(2019) showed no effect of a totally (100%) perforated
floor on general fearfulness, using the avoidance dis-
tance method by Graml et al. (2008) and the tonic
immobility test by Jones and Faure (1981). As known
by Keer-Keer et al. (1996), different results in fear re-
sponses could be based on differences in the methodo-
logical approach.

Independent of the floor type, the lowest number of
animals next to the observer was observed on day 7.
So far, no studies have repeated the ADT every week
of life. The highest number of animals around the
Table 4. Production performance indicators of broilers
fattening periods (repetitions; n 5 4 calculated values

Summer Fall W

Fattening period (d) 31.00 32.00 3
Feed consumption (kg bird21)

Littered 2.73 2.84
Part. perforated 2.64 2.93

Cum. daily mortality (%)
Littered 4.72 5.56
Part. perforated 4.51 6.19

FCR1,2

Littered 1.395 1.41
Part. perforated 1.425 1.41

EPEF3,4

Littered 444.08 431.29 45
Part. perforated 413.92 440.26 47

The table contains mean values (mean), standard deviat
(95% CI).

1FCR: feed conversion ratio.
2FCR 5 feed consumption (kg bird21)/total weight gain
3EPEF: European Production Efficiency Factor.
4EPEF 5 (survival rate (%) x final body weight (kg))/(a
5The average initial body weight was used to calculate th
observer was found on day 28. These findings are in
line with the study of Li et al. (2017). Bokkers and
Koene (2003) state that an increase in body weight could
lead to a decrease in activity over time. The decrease in
activity could be a reason for a higher number of animals
around the observer at the end of the fattening period.
Furthermore, animals cover a larger floor area with an
increase in body weight. Consequently, animals have
lower possibilities to evade the observer at the end of
the fattening period.
Regarding the different fattening periods, the highest

number of animals in arm’s reach of the observer could
be found in the summer and the lowest in the fall
fattening period. A study by Aksit et al. (2006) found
no effect of temperature during rearing and crating on
the duration of tonic immobility in broilers. A lower
number of animals in arm’s reach of the observer was
observed in the area of feed and water supply compared
kept on 2 different flooring systems of 4 different
per fattening period and barn).

inter Spring Mean SD 95% CI

2.00 32.00

2.94 2.52 2.76 0.18 [2.47];[3.04]
2.86 2.75 2.80 0.13 [2.59];[3.00]

2.02 4.29 4.15 1.51 [1.74];[6.56]
2.23 5.56 4.62 1.74 [1.86];[7.39]

1.43 1.33 1.39 0.04 [1.32];[1.46]
1.37 1.43 1.41 0.03 [1.37];[1.45]

0.37 432.69 439.61 9.18 [425.00];[454.22]
7.34 404.99 434.13 32.47 [382.47];[485.79]

ion of mean values (SD), and 95% confidence intervals

(kg bird21).

ge (d) x feed conversion ratio) x 100.
e FCR of the summer fattening period.



Figure 10. Average daily air temperature (Temp) and relative air hu-
midity (RH) over 4 different fattening periods (repetitions) from broiler
houses with 2 different flooring systems (n5 1,920 measurement values
per day and barn).
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to the littered areas next to it. Fast-growing broilers
spend more than 60% of their time sitting and resting
during daytime (McLean et al., 2002). Buijs et al.
(2010) showed that broilers use the wall areas more
frequently for resting to avoid disturbance. This could
explain the higher number of animals in arm’s reach of
the observer in the littered areas near the sidewalls.
Furthermore, the number of animals around the
observer increased with each trial carried out during
the ADT at the different assessment days. The 12 trials
at the 12 different positions were always carried out in
the same order from front to back. Therefore, an
increasing number of animals around the observer to
the end of the ADT could indicate that the animals tried
to avoid in front of him.
Current results regarding the NOT showed a positive

effect of the partially perforated flooring system on gen-
eral fearfulness. This result is in line with that by
Tahamtani et al. (2018), who used the tonic immobility
test by Jones and Faure (1981) to show a reduction in
general fearfulness for broilers kept with access to perfo-
rated platforms.
Interestingly, the results independent of floor type are

consistent for ADT and NOT. The least number of an-
imals next to the novel object during the NOT was
again observed on day 7. Andrew and Brennan (1983)
found similar results for male chickens on day 7. They
reported fluctuations in the fear reaction due to an
incomplete brain development in the first 2 wk of life.
The highest number of animals around the novel object
was again observed on day 28. Bokkers and Koene
(2003) reported a decrease in activity with an increase
in body weight over the time. Therefore, animals kept
on the partially perforated flooring system seem to be
more active at the end of the fattening period compared
to animals kept on litter. Further studies are needed to
investigate the effect of the partially perforated flooring
system on broiler activity. In further investigations, this
hypothesis shall be proved with electronic activity
sensors.
According to the results of the ADT, the highest num-
ber of animals around the novel object during the NOT
was observed in the summer and the lowest in Fall
fattening period. Before chickens were bred for intensive
production, they had to adapt their behavior to
constantly changing seasonal conditions (Newberry,
1999). Further research is needed to investigate the sea-
sonal effect on broilers’ fear response under current hus-
bandry conditions. Furthermore, the highest number of
animals around the novel object was observed at posi-
tion 1 and the lowest at position 2. Between position 2
and position 4, the number of animals increased contin-
uously. In addition, the fear response of the novel object
decreased with increasing counting time. Rozempolska-
Rucinska et al. (2017) reported a negative correlation be-
tween the exploration and fear behavior in laying hens.
Therefore, the animals’ fear of the novel object could
decrease over the time with an increase in their explora-
tion behavior.

Keeping broilers on a partially perforated flooring sys-
tem contributed to a reduction in general fearfulness.
Chickens use elevated structures as an anti-predator
behavior (Newberry et al., 2001). As known by
Malchow et al. (2019), broilers prefer elevated platforms
instead of perches because of the difficulty to find a
balanced resting position with increasing body weight.
The partially perforated flooring system offered an
elevated platform and, therefore, the opportunity to
reach an elevated area. This husbandry enrichment
and the resulting increase in husbandry complexity
could be an explanation for a reduction in general fear-
fulness for animals kept on the partially perforated
flooring system.
Health-Based Welfare Indicators

In general, the present study showed a positive effect
of the partially perforated flooring system on foot pad
health compared to litter flooring. Nevertheless, animals
on day 7 showed a higher foot pad health when kept in
the littered control barn. It was shown that average
litter quality decreased during the fattening period.
Furthermore, average litter quality in the control barn
was lower in the area of feed and water supply compared
to the littered areas next to it. A drastic deterioration of
the litter quality was observed between day 7 and 14.
Therefore, the positive effect of the perforated floor in
the area of feed and water supply could only occur at a
later stage of the fattening period. From day 14, foot
pad health status for animals kept on the partially perfo-
rated flooring system was higher compared to those kept
on litter at each day of life. This result is in line with
several studies which have also observed a higher foot
pad health status for animals kept on perforated flooring
systems compared to litter flooring (Cengiz et al., 2013;
Çavuşo�glu et al., 2018; Çavuşo�glu and Petek, 2019). In
addition, Tahamtani et al. (2019) reported a higher
foot pad health status for animals kept with access to
elevated platforms compared to straw bales and an
increased distance between feed and water. As
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mentioned by Karcher et al. (2013), perforated floors
also had a positive effect on foot pad dermatitis for
Peking ducks. In other studies, for example Li et al.
(2017), no differences in the foot pad status for animals
kept on a totally (100%) perforated floor compared to
a littered system could be found. No differences in foot
pad health were also reported by Chuppava et al.
(2018) for animals kept on littered, littered and heated,
partially (50%) perforated, and totally (100%) perfo-
rated flooring systems. These findings are in contrast
to Almeida et al. (2017), who found a trend for higher
foot pad dermatitis scores when animals were kept on
a totally (100%) perforated compared to a littered floor.
However, the animals of the study of Almeida et al.
(2017) were kept in climate chambers and not under
practical conditions, as in the present study.

Independent of the flooring system, the present study
showed an increase in foot pad dermatitis from day 1 to
28 of life. There was a steady increase in foot pad derma-
titis over time for animals kept on the littered floor.
Interestingly, foot pad dermatitis scores of animals
kept on the partially perforated flooring system
remained almost constant from day 14. Although the
recording periods differed between several studies, a
similar trend could be observed by Cengiz et al.
(2013); Li et al. (2017), and Çavuşo�glu and Petek (2019).

The highest foot pad dermatitis scores were found in
the summer and the lowest in the fall fattening period.
Meluzzi et al. (2008) reported the highest foot pad scores
in winter. In addition, Musilov�a et al. (2013) found the
lowest foot pad health in spring followed by winter and
the highest in summer followed by fall. They concluded
that the inadequate ventilation in winter month leads
to an increase in barn and litter moisture levels and
thus in a lower foot pad health. The results of the present
study showed no differences in litter quality of the 4
fattening periods (repetitions).

For animals spending the whole fattening period in
contact litter, the structure of the litter could have an ef-
fect on foot pad health (Bilgili et al., 2009). Therefore,
Shepherd and Fairchild (2010) concluded that the litter
conditions and the litter management are main factors
influencing foot pad dermatitis. As known by
Kamphues et al. (2011), animals are in contact with litter
that contains higher proportions of excrements than fresh
bedding material from day 7. Results of the present study
also showed a decrease in average litter quality over the
time. With a decrease in litter quality, a decrease in
foot pad health was also shown by Haslam et al. (2007).
Animals kept on the partially perforated flooring system
were separated from 50% of the litter with those condi-
tions. The partial separation had a positive effect on
foot pad health by reducing the contact with the litter
and the contained excrements and moisture.

Results for hock burn showed a higher hock health for
animals kept on the partially perforated flooring system
compared to litter flooring toward the end of the
fattening period. Similar results regarding hock health
were observed in several studies, all showing a higher
hock health for animals kept on a perforated compared
to a littered flooring system (Almeida et al., 2017;
Çavuşo�glu et al., 2018; Çavuşo�glu and Petek, 2019). In
addition, Li et al. (2017) found no differences regarding
hock burn for animals kept on a totally (100%) perfo-
rated compared to a littered floor.
For both floor types, results of this study showed an

increase in hock burn from day 1 to 28. This increase
in hock burn over the time was also found by Li et al.
(2017) and Çavuşo�glu and Petek (2019).
The highest hock burn scores were found in the sum-

mer and the lowest in the spring fattening period.
Further studies showed contradictory results regarding
the seasonal effect on the occurrence of hock burn.
Bruce et al. (1990) reported a lower hock health status
in winter. Menzies et al. (1998) showed no seasonal effect
on hock burn in 1986/1087 and 1993 and a lower hock
health status in winter 1994. No seasonal effect on
hock burn was also shown by Haslam et al. (2007).
As mentioned by Elwinger and Svensson (1996), lit-

ter’s dry matter content decreases over the fattening
period from 92 to 64%. A decrease in hock health over
the fattening period can be explained with an increase
in body weight (Sørensen et al., 2000) and therefore an
increased sitting time in direct contact with litter with
an increasing moisture content (Hepworth et al.,
2010). Results of the present study also showed a
decrease in average litter quality over the time, espe-
cially in the area of feed and water supply of the control
barn. Consequently, a reduction of contact time with
those litter conditions due to the partially perforated
flooring system results in a higher hock health status.
Regarding plumage cleanliness, no effect of the

different floor types could be found. Numerous studies
showed results with a higher plumage cleanliness for an-
imals kept on a perforated flooring system compared to
litter flooring (Akpobome and Fanguy, 1992; Almeida
et al., 2017; Li et al., 2017; Çavuşo�glu et al., 2018;
Çavuşo�glu and Petek, 2019). As reported by Kaukonen
et al. (2017), the use of perforated platforms (10% of
the floor area) had no effect on plumage cleanliness.
For both floor types, the present study showed a

decrease in plumage cleanliness over time. Results of
the studies of Li et al. (2017) and Çavuşo�glu and
Petek (2019) also showed a decrease in plumage clean-
liness over time for animals kept on litter and a totally
(100%) perforated flooring system. Pecking, scratching,
and dustbathing are behaviors with direct contact with
litter. About 80% of litter’s dry matter consists of excre-
ments at the end of the fattening period (Kamphues
et al., 2011). The decrease in litter quality could lead
to a continuous contamination of the feathers with ex-
crements during the exercise of species-specific
behavior.
Production Performance

Regarding body weight, there was no difference for an-
imals kept on the partially perforated floor system and
the littered floor at the end of the fattening period.
The results are in line with the results by Andrews
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et al. (1974), Simpson and Nakaue (1987), Zhao et al.
(2009), Cengiz et al. (2013), and Li et al. (2017).
Chuppava et al. (2018) and Çavuşo�glu et al. (2018)
found higher body weights for animals kept on partially
(50%) or totally (100%) perforated flooring systems on
days 36 and 47, respectively. Earlier results of
Akpobome and Fanguy (1992) showed a reduction in
production performance for animals kept on wire mesh
floors compared to litter flooring on days 42 and 56.
However, the animals of the study by Akpobome and
Fanguy (1992) were kept in cages and not in deep-
litter systems, as in the present study.
There was a general increase in body weight over the

time for both floor types. This result is consistent with
the performance objectives given for Ross 308
(Aviagen, 2019).
The 2 different floor types did not affect feed con-

sumption, cumulative daily mortality, FCR, or EPEF.
Several studies are in line and also showed no effect on
feed consumption (Zhao et al., 2009; Li et al., 2017;
Chuppava et al., 2018), mortality (Andrews et al.,
1974; Cengiz et al., 2013; Li et al., 2017), and FCR
(Andrews et al., 1974; Zhao et al., 2009; Cengiz et al.,
2013; Li et al., 2017; Chuppava et al., 2018). With
regard to the EPEF, De Jong et al. (2014) reported a
higher EPEF for animals kept on litter compared to
litter flooring with an increased moisture content
(300 mL water addition per m2 from day 6, 5 times a
week). This observation suggests that the litter manage-
ment is an important factor influencing production
performance.

Environmental Factors

Results showed a strong positive correlation for the
Temp as well as the RH between the barn with the
partially perforated and the littered flooring system.
Therefore, identical Temp and RH conditions can be
assumed during the fattening periods for both floor
types.
CONCLUSION

Because animal welfare increases public awareness, a
higher adaption of the husbandry environment to the an-
imal’s needs is gaining public interest. The idea of the
study was to combine the positive effects of perforated
and littered areas in broiler housing to increase animal
welfare. The system offers an elevated area and reduces
the animal’s contact to litter with contained excrements
and moisture at the same time. Littered areas promote
the species-specific behavior like scratching, pecking,
and dust bathing. The creation of different functional
areas at different heights enriches the husbandry environ-
ment and reduces animals’ general fearfulness due to an
increase in environmental complexity. Furthermore, the
separation of the animals from 50% of the litter has a pos-
itive influence on foot pad dermatitis and hock burn. This
study illustrates a positive effect of a partially perforated
flooring system on health- and behavior-based welfare
indicators in broiler housing without a reduction in pro-
duction performance. Further investigations are needed
to evaluate the influence of the partially perforated
flooring system on broilers’ activity as well as
environmental-based welfare indicators inside the barn
and the environmental impact in general.
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