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related to the birds’ welfare (Bradshaw et al.,
2002). This dermatitis, also litter related, produces high losses. Contact foot-pad dermatitis is
caused by ammonia, excess moisture, heat and
bacterial growth (Santos et al., 2002; Hermans
et al., 2006). Other parts of the birds can be
affected by contact dermatitis, especially those
that are in constant contact with the litter. The
initial inflammatory response is associated with
a proliferative secondary component of the
epidermal junction, which progresses to ulceration of the areas of friction, with overlapping
secondary bacterial infection (Santos et al., 2002).
In the present study we investigated the
effects of the use of different types of litter and
their reuse, reflected in the incidence of cellulitis,
arthritis and contact foot-pad dermatitis, during
broiler slaughter inspection.

MATERIALS AND METHODS
Broiler chickens (Cobb 500TM) from the same
hatchery, reared on 4 types of litter, were
evaluated from August 2004 to March 2005.
Data on the incidence of cellulitis, arthritis and
contact foot-pad dermatitis were collected
at slaughter by examining carcases condemned
by federal inspection.
Data were collected from 12 farms (random
sample), three using Brachiaria grass litter, three
with corncob, three with rice shells and three
with sawdust. Brachiaria grass and corncob were
cut into 2—3 cm lengths of before use. Each farm
was composed of production units (4 poultry
buildings containing 22 000 birds each), with
a total of approximately 88 000 birds per unit.
The total analysed by type of litter was 264 000
birds (three farms). In each cycle, after litter
disinfection, another 264 000 birds were housed
and analysed for each type of litter.
In Brazil, for economic reasons, litter can be
reused several times, provided that it is in
a satisfactory condition and previous batches
of birds did not present serious health problems.
Inspections were performed over 8 m, sufficient
to examine 4—5 batches of males or females per
litter type. Broiler chickens were slaughtered at
34 (females) or 41 d (males), with median carcase
weights varying from 15 (females) and 25 kg
(males).
We used a scoring system to classify the
carcases with cellulites and arthritis for total or
partial condemnation, and another system to
consider the feet positive or negative for contact
foot-pad dermatites. In the scoring system for
cellulites, all the animals slaughtered were analysed by federal inspectors. Condemnation was
partial when the affected area was the thigh or
a small part of the abdominal or dorsal regions.
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Condemnation was total when the affected area
was such that it could not be removed from the
rest of the carcase. For arthritis, the animals were
also
analysed
by
federal
inspectors.
Condemnation was partial when noticed joints
were swollen, but could be removed, and was
total when the affected areas could not be
removed from the rest of the carcase without
contamination.
We classified the feet as positive or negative
for the presence of contact foot-pad dermatitis.
When the dermatitis could not be easily
removed, the feet were described as positive.
Twelve samples of 100 carcases were analysed per
treatment and the results are as percentages.
The corncob litter was analysed separately
because only female birds were used in this
system, so fewer condemnations due to cellulitis
were expected (females are lighter and spend less
time in the production system).
Results were obtained from the sum of all
condemned carcases for cellulitis and arthritis,
and the average incidence for contact foot-pad
dermatitis. Data were analysed using the SASÕ
program. Because the coefficient of variation was
large, the data were corrected using a different
transformation method for each variation:
the number of cases of total condemnation
by arthritis and cellulitis was square-root transformed; for partial condemnations because of
arthritis and cellulitis were log-transformed; and
for foot-pad dermatitis percentage an arcsine
transformation was used. Differences between
means were tested using the Tukey mean
significant difference test. Least-squared means
were back-transformed per treatment.
The effect of treatment (rice shell, Brachiaria
grass, corncob and sawdust litter) and number of
times the litter was used, as well as their
interactions on the occurrence (total, partial
and per cent in 264 000 birds) of cellulitis,
arthritis and contact foot-pad dermatitis were
evaluated.
The general statistical model used was:
Yijk ¼  þ Ti þ Lj þ TLij þ eijk

where:
Yijk ¼ kth observation on the ith treatment of
the jth litter repetition;
Ti ¼ ith effect of treatment (rice shell,
Brachiaria grass, corncob and sawdust
litter);
Lj ¼ jth number of litter uses (1, 2, 3, 4, 5);
TLij ¼ interaction of ith treatment with jth litter
use;
eijk ¼ random error associated with each observation; and
 ¼ overall mean.
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RESULTS

dermatitis; 718% in the first use of the corncob
litter and 461% in the last (P < 005).
For sawdust litter the three pathologies
decreased in frequency as the litter was reused.
This type of litter showed the fewest birds
condemned due to cellulitis, arthritis (both total
and partial), as well as the second lowest
proportion of birds with pododermatitis.
Significant differences (P < 005) were
observed for partial cellulitis with the first use
of rice shell litter, with 2570 birds condemned at
the time of inspection, and 7192 with the third
use (Table 1). Contact foot-pad dermatitis
occurred at a low frequency in this case.
Foot-pad dermatitis was frequent among
broilers housed on the different types of bedding
(Table 2). The lowest percentage of condemnation was on rice shell litter (P < 005). Differences
between sawdust (second best result) and other
treatments were also noted, with higher frequencies of contact foot-pad dermatitis on Brachiaria
and corncob litter.

The assessment of birds at the abattoir showed
that when Brachiaria grass litter was used, entire
carcase condemnations due to cellulitis were
frequent. However, the number decreased as
the litter was used more times. The opposite was
observed for partial carcase condemnations for
cellulitis (Table 1) where the frequency increased
as the litter was reused. Carcase condemnations
caused by arthritis were not large when compared with cellulitis, with no effect of repeated
use observed.
Very high values were found for contact footpad dermatitis, with 679% for the first litter use.
The pathology decreased with successive reuse
up to 203% for the 4th reuse and 35% for the
5th, showing significant differences (P < 005).
For corncob litter, partial condemnations
due to cellulitis varied between 05% in the first
reuse and 59% for the last reuse, with significant
differences. A difference was also noticed
between the last reuse of corncob litter and the
others, when the total condemnations due to
arthritis were studied (P < 005%). The values of
partial condemnations for arthritis ranged
between 72 and 1428 birds (P < 005). High
values were found for contact foot-pad

DISCUSSION
Different types of litter, used with 4 or 5
consecutive flocks, were studied. Other authors
studying litter used for 9 (Coufal et al., 2006a)

Table 1. Birds condemned in the abattoir for cellulitis, arthritis and contact foot-pad dermatitis, reared on different types of litter
Number of uses

Cellulitis
Totala

Arthritis

Partialb

Partial (%)c

Totala

Partialb

Contact foot-pad
dermatitis (%)
Partial (%)c

Brachiaria grass litter
1st
2nd
3rd
4th
5th

19
13
16
13
13

3121
5355
5513
5445
8681

118
203
209
206
329

1
1
10
0
6

973
738
1021
629
1438

037
028
039
024
054

68A
57AB
46BC
20D
35CD

Corncob litter
1st
2nd
3rd
4th

24
1
26
64

4861AB
1208B
2465B
15 684A

184
046
093
594

0B
0B
0B
21A

1428A
72B
138B
1260A

054
003
005
048

72A
44B
49B
46B

Sawdust litter
1st
2nd
3rd
4th

21
6
7
9

6274
4209
2938
2862

238
159
111
108

5
5
3
0

769
653
310
312

029
025
012
012

31
46
31
25

Rice shell litter
1st
2nd
3rd
4th

1
11
14
11

2570B
4252AB
7192A
6027AB

097
161
272
228

0
4
0
0

495
646
657
603

019
024
025
023

29
19
13
14

Coefficient of variation (CV) (%)

2128

963

941

1594

Numbers followed by different capital letters in the same column differ at the 5% probability level (P < 005).
Approximately 1052 million birds were assessed.
a
Number of carcases of birds condemned in their entirety.
b
Number of carcases of birds partially condemned.
c
Percentage of the total number of birds slaughtered that were partially condemned.
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Table 2. Comparison between Brachiaria grass, corncob, sawdust and rice shell litters for contact foot-pad dermatitis
condemnation
Number of uses
1st
2nd
3rd
4th
5th
Mean
Coefficient of
variation (CV) (%)

Brachiaria

Corncob

0969A (68)
0856AB (57)
0745BC (46)
0464D (20)
0633CD (35)

1013A (72)
0725B (44)
0775B (49)
0745B (46)
—

0735A (45)
17

0815A (53)
17

Sawdust
0590
0745
0590
0524
—

(31)
(46)
(31)
(25)

0612B (33)
23

Rice shell
0569
0451
0369
0384
—

(29)
(19)
(13)
(14)

0451C (19)
25
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Numbers followed by different capital letters in the same column or line differ at the 5% probability level (P < 005).
Approximately 1052 million birds were assessed.
Minimum least-squared means of arcsine transformed data are presented, with back-transformed means (%) in parentheses.

or 18 consecutive flocks of broilers (Coufal et al.,
2006b) showed that disinfection and biosecurity
in the production unit is an important part of the
success of the broiler rearing enterprise.
Incorrect handling of the litter interfered
directly in the appearance of cellulitis, arthritis
and contact foot-pad dermatitis. These diseases
are an important source of economic loss
through downgrading and carcase condemnations, as well as welfare considerations linked to
the potential for associated pain and discomfort
(Bradshaw et al., 2002; Broom and Reefmann,
2005). Litter microflora are also involved in the
presentation of one or all of these three
pathologies (Fries et al., 2005).
Management and composting of litter is very
important for sanitary conditions, so that the new
flock of chickens can be housed safely (Mohee
et al., 2008). However, environmental conditions
such as humidity and temperature (Jones et al.,
2005) are important factors affecting litter
microbiological populations. Particle size, capacity for water retention and resistance to trampling (Coufal et al., 2006b) can alter the
proliferation of microorganisms in the litter
and also physical characteristics, such as compaction. These characteristics can determine the
variation in the appearance of cellulitis, arthritis
and contact foot-pad dermatitis.
When Brachiaria litter was used more than
once, the frequency of cellulitis and arthritis
increased, with noticeable litter degradation and
reduced bird comfort. However, for foot-pad
dermatitis, the first use of grass litter demonstrated more abrasive characteristics, but there
was no significant change with reuse.
Corncob litter was the worst when the
quality of the feet was analysed. The results
were poor, with approximately 50% of condemned feet (discarded or reduced value). This
reduces the value of the product and industry
profits. Haslam et al. (2006) determined that the
incidence of contact dermatitis may be used

as a welfare assessment measure for broiler
chickens and may reflect litter quality and the
degree of bird contamination, as well as pain
arising from lesions. Other factors can contribute
to dermatitis, such as some types of compounds
in the litter or faecal material (Mayne et al., 2007).
Corncob litter does not offer ideal conditions in
terms of physical characteristics.
Sawdust litter, on first use, was normally
more lignified, possibly generating small injuries
in the skin. Cellulitis resulting from bacterial
contamination tends to be reduced in intact skin,
with less pain from injuries when there is good
management of the litter. Sawdust helps to
control moisture, and its use leads to less carcase
condemnation. Meluzzi et al. (2008a) found that
using wood shavings resulted in lower moisture
and nitrogen concentrations in the litter, leading
to a less foot-pad dermatitis.
For foot-pad dermatitis, the incidence varied
between 46% and 25% when sawdust was used as
litter. Values were lower than for cut grass and
corncob litters. The quality of feet was better than
on the other litters. The type and quality of litter is
important to diminish food-pad dermatitis, which
is more prevalent than other pathologies such as
breast burn in the United Kingdom (Haslam et al.,
2007). Mayne et al. (2007) suggested that litter
moisture alone is sufficient to cause food-pad
dermatitis in young turkeys. The prevalence of
contact dermatitis is an important broiler welfare
indicator (Fallavena, 2002; Meluzzi et al., 2008b).
In this case, when sawdust was used as the
bedding material, foot-pad dermatitis scores did
not exceed the threshold of 50 points set by
the European Union for stocking densities higher
than 30 kg live weight/m2.
The index of cellulitis after birds had been
kept on rice shell litter was low, perhaps because
this litter was composed of smaller and more
homogeneous particles. The chickens raised on
this litter also showed a low incidence of contact
foot-pad dermatitis when compared with the
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other substrates studied. The quality of the foot
on this litter was the best among the litters
analysed. Despite its good capacity for water
retention, however, rice shell apparently loses
part of its structure after each use.
Cellulitis can have a major effect of the
economics of production. Chickens that show
this defect cannot be sold as a whole chicken and
cannot be used for special cuts due to unacceptable presentation to the consumer (especially
products with skin). The most common destination is for use as raw material after removal of the
compromised parts, or, if serious, the carcases
will go for industrial use. Losses due to cellulitis
occur mostly in the abdominal and thigh regions.
In the abattoir where data were collected,
condemnations for partial cellulitis represented
2% of the total number of birds slaughtered.
Despite the best result being attributed for
sawdust litter, no statistically significant difference was noted between uses. The appearance of
cellulitis is linked to factors such as temperature,
wind velocity and relative humidity at the litter
surface. These affect the rate of cellulitis appearance when comparing farm-management choices
(Schrader et al., 2004).
When arthritis is considered, sawdust again
showed a more satisfactory result, especially in
the last few uses. This reflects the good quality of
the material, improving over time.
Contact foot-pad dermatitis also represents
significant losses for the industry. Feet with
‘calluses’ are sold at a much lower price than
others. Foot-pad dermatitis can be caused by
several factors, the most important being the
condition of the litter in the broiler house
(Bessei, 2006). Temperatures above 20 C
increase the incidence of this disease (Wang
et al., 1998). Birds reared on rice shell showed
better results for contact food-pad dermatitis.
Ground Brachiaria litter performed less well than
sawdust or rice shell. Significant differences were
seen when the litter was reused.
According to Meluzzi et al. (2008b), stocking
density is not a straightforward indicator of bird
welfare; there was no relationship between stocking density and lesion incidence or mortality
rate. Our study agreed that the control of
environmental conditions, particularly litter quality, appears to be a key issue for broiler welfare.
The choice of litter and its subsequent correct
management and disinfection, together with the
implications this has for the comfort of the birds,
is important. Any change that improves welfare
and reduces the number of carcase condemnations would bring a significant gain to the
industry.
In conclusion, Brachiaria grass litter showed
the highest incidence of contact foot-pad dermatitis. Corncob litter also had some negative

effects on foot quality. Broilers raised on rice
shell litter demonstrated good results in terms of
the incidence of contact foot-pad dermatitis.
Considering the general aspects of the different
types of litter, the best performance was obtained
for birds reared on the sawdust litter. This was
shown by the lowest number of partial condemnations because of cellulitis and arthritis, which
currently represent the biggest losses for the
industry. In addition to its excellent performance
related to the incidence of arthritis and cellulitis,
foot quality was also good on sawdust litter, with
a low percentage of calluses.
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