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Animal Science/ Original Article

Broiler recycled litter treatments 
against Clostridium perfringens 
and enterobacteria in conventional 
and dark house systems
Abstract – The objective of this work was to evaluate the effectiveness 
of quicklime and shallow fermentation applications on the reduction of 
Clostridium perfringens and enterobacteria in recycled poultry litter, in 
dark house and conventional systems. Eighty litter samples were evaluated, 
being divided into four groups: litter treated with quicklime in dark house; 
litter treated with shallow fermentation and quicklime in dark house; and 
litter treated with quicklime in conventional broiler house; litter treated with 
shallow fermentation and quicklime in conventional broiler house. Samples 
were collected one day before slaughter and five days after litter treatment and 
were subjected to the quantitative microbiological analysis of enterobacteria 
and C. perfringens. The bacterial load in pre-treated litter was similar between 
the dark house and conventional systems. The groups treated only with 
quicklime showed a significant reduction of enterobacteria in both systems. 
The reduction of C. perfringens was only observed in the litter group treated 
with shallow fermentation and quicklime, in conventional broiler house. The 
use of 500 g m-² quicklime is the most effective method to reduce enterobacteria 
load in broiler litter both in the dark house and conventional broiler house 
systems. The combined treatment of shallow fermentation for seven days with 
the subsequent application of 500 g m-² quicklime is efficient for the reduction 
of C. perfringens in broiler litter, in conventional broiler house. 

Index terms: α-toxin, aviary, enteric pathogens, Enterobacteriaceae, 
fermentation, quicklime.

Tratamentos de camas de frango de 
corte reutilizadas contra Clostridium 
perfringens e enterobactérias em sistemas 
convencional e “dark house” 
Resumo – O objetivo deste trabalho foi avaliar  a eficácia da aplicação da 
cal virgem e da fermentação rasa na redução de Clostridium perfringens e 
enterobactérias em cama de frango de corte reutilizada, nos sistemas “dark 
house” e convencional. Foram avaliadas 80 amostras de cama, divididas 
em quatro grupos: cama tratada com cal em “dark house”; cama tratada 
com fermentação rasa e cal em “dark house”; cama tratada com cal em 
aviário convencional; e cama tratada com fermentação rasa e cal em aviário 
convencional. As amostras foram coletadas um dia antes do abate e cinco 
dias após o tratamento da cama e foram submetidas à análise microbiológica 
quantitativa de enterobactérias e C. perfringens. A carga bacteriana antes 
do tratamento foi similar entre os sistemas “dark house” e convencional. Os 
grupos tratados somente com cal apresentaram redução de enterobactérias 
em ambos os sistemas. A redução de C. perfringens foi observada somente 
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no grupo de cama tratada com fermentação rasa e cal em 
aviário convencional. O uso de 500 g m-² de cal virgem é o 
método mais eficaz para reduzir a carga de enterobactérias 
em cama de frango, tanto no sistema “dark house” como 
no convencional. O tratamento combinado de fermentação 
rasa por sete dias com a posterior aplicação de 500 g m-² de 
cal é eficiente para a redução de C. perfringens, em cama de 
frango, em aviário convencional.

Termos para indexação: α-toxina, aviário, patógenos 
entéricos, Enterobacteriaceae, fermentação, cal.

Introduction

Brazil is the third greatest producer and the 
greatest exporter of broiler meat, distributing this 
product to more than 140 countries. The current 
broiler industry in this country provides a constant 
evolution regarding productivity, product quality and 
safety, and sanitary status of flocks (ABPA, 2018). 

In 1997, the World Health Organization published 
a report linking the use of antibiotics in animal feed 
and the increase of the antimicrobial resistance in the 
human population (WHO, 1997). Thus, the European 
Union has banned, in 2006, any antibiotic or 
chemotherapeutics that were used as feed additives for 
the improvement of animal production performance 
(European Parliament and of the Council, 2003). The 
withdrawal of antimicrobial growth promoters has 
caused intestinal microbiota imbalance, and increased 
the enteric challenges and diseases in broilers, 
generating health, zootechnical, and economical 
losses (Maiorka, 2004; Van Immerseel et al., 2004; 
Timbermont et al., 2011; M’Sadeq et al., 2015). 

Among enteric microorganisms, there are two 
main groups which infect broilers: enterobacteria, 
including various bacteria genera that are eliminated 
with excreta and may compose the microbiota of the 
litter (Cressman et al., 2010; Vaz et al., 2017); and 
toxin-producing Clostridium perfringens that are 
associated to necrotic enteritis in broilers (Gomes 
et al., 2008; Albornoz et al., 2014; Li et al., 2017), 
leading to depression, lack of appetite, apathy, 
prostration, dehydration, and death (Timbermont 
et al., 2011). Acute clinical outbreaks of necrotic 
enteritis may cause high levels of mortality (Van 
Immerseel et al., 2004; Albornoz et al., 2014), and 
the persistent subclinical disease in broiler flocks 
leads to a significant economic impact  (Løvland 

& Kaldhusdal, 1999). Moreover, productivity 
losses such as decreased nutrient uptake, poor feed 
conversion ratio, and low weight gain are described 
in subclinical cases of necrotic enteritis (Timbermont 
et al., 2011). 

Infectious agents may remain in broiler litter after 
its reuse between flocks, which is a current practice 
in broiler farming (Cressman et al., 2010). Because 
of litter initial cost, the same ones are used for up 
to two or three years, to raise several broiler flocks, 
before they are completely removed (Dai Prá & Roll, 
2012; Lopes et al., 2013). Therefore, it is extremely 
important that an effective treatment is carried out 
before reusing litter, to avoid pathogen contamination 
between flocks.

According to official guidelines in Brazil, litter 
reuse between flocks is allowed, as long as there is 
no potential risk to the next flock or to public health  
(Brasil, 2007). The most commonly used treatments 
in Brazilian broiler farms include: the application of 
quicklime to the litter; and fermentative methods, 
such as windrow in the center of the broiler house, 
and shallow fermentation throughout the broiler 
house (Dai Prá & Roll, 2012; Lopes et al., 2013, 2015; 
Vaz et al., 2017).

In Brazil, many broiler houses are still conventional 
systems, with the use of fans and sidewall curtains 
(Abreu & Abreu, 2011). However, in the last years, 
the number of broiler houses built and transformed 
into dark house system has increased. Dark house has 
an insulated, fan-ventilated environment, controlled 
by evaporative cooling system, to handle climate 
control (Carvalho et al., 2015). Furthermore, there is 
evidence that the dark house system provides better 
weight gain, improved feed conversion, and fewer 
stress levels than the conventional broiler house 
(Carvalho et al., 2015; Cristo et al., 2017). 

Many studies evidence the effects of the dark house 
system on animal welfare, zootechnical performance, 
and gas emission (Lima et al., 2011; Carvalho et al., 
2015; Cristo et al., 2017); however, fewer studies have 
evaluated the litter microbiological quality in this 
system. 

The objective of this work was to evaluate the 
effectiveness of quicklime and shallow fermentation 
applications on the reduction of C. perfringens and 
enterobacteria in recycled broiler litter, in dark house 
and conventional systems.
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Materials and Methods

Selected broiler houses were located in the Western 
Santa Catarina state, and they had more than one 
broiler house in the same property. In total, 40 broiler 
houses were evaluated, from which 16 were of dark 
house system, and 24 of conventional system. The 
main differences between the broiler houses used in 
this experiment are described below. 

In the conventional broiler houses, the internal 
temperature was controlled by using fans and opening 
or closing the sidewall curtains; however, climate 
oscillations were expected due to environmental 
temperature variation. In the dark house, black 
sidewall curtains were kept closed, to produce negative 
pressure, and the internal temperature was controlled 
with an evaporative pad cooling system and fan-
ventilated environment. Also, the number of broilers 
housed differed according to the broiler house system, 
with 12 broilers m-² in the conventional broiler houses, 
and 14 broilers m-² in the dark houses. 

All selected broiler houses had reused litters 4 to 14 
times, and were equally distributed among the treated 
groups: 17 litters (42.5%) reused 4 to 6 times; 12 litters 
(30%) reused 7 to 9 times; and 11 litters (27.5%) reused 
10 to 14 times. Furthermore, all litters used in this 
experiment were previously treated with quicklime 
(500 g m-²). 

After removing broilers for slaughter at 40 days of 
age, the poultry farmer removed the caked litter, when 
present, and burned the feathers before the treatment. 
Two litter treatments were evaluated: the application 
of 500 g m-2 of quicklime of broiler litter; and shallow 
fermentation of the litter for 7 days, followed by 
quicklime application (500 g m-²). The quicklime 
application was performed using a spreader cart, 
followed by its homogeneous distribution throughout 
the litter. For the shallow fermentation treatment, the 
plastic tarpaulin was extended on the entire litter of 
the broiler house (not placing it between the edge of 
the litter and the wall of the broiler house), remaining 
in fermentation process during 7 days. After that, 
quicklime application was performed (500 g m-²). 
Despite the type of litter treatment, all broiler houses 
were subjected to 16 days of downtime between flocks. 

In total, 80 litter samples were collected in 40 
broiler houses. The first sample (n=40) was collected 
one day before broilers´ slaughter, and the second 
sample (n=40) was collected 5 days after quicklime 

application. Each sample consisted of a pool of litter 
collected at 16 equidistant points from each other 
along the broiler house.

At each point, approximately 40 g of litter was 
collected at 5 cm depth from the surface. Each sample 
was equally divided into two sampling bags (3M 
do Brasil, Sumaré, SP, Brazil) containing, in total, 
approximately 320 g of litter, which were maintained 
under refrigeration (2°C to 8°C) for the microbiological 
analysis, which was performed on the next day.

The samples were divided into four groups: litter 
treated with quicklime in dark house (n=8); litter 
treated with shallow fermentation and quicklime 
in dark house (n=8); litter treated with quicklime in 
conventional system (n=12); litter treated with shallow 
fermentation and quicklime in conventional system 
(n=12).

For the microbiological analysis, the litter samples 
were homogenized in a sampling bag, dissolved in 
PBS (1:10), and homogenized at 200 rpm, at 25°C for 
10 min. For the enterobacteria quantitative analysis, 
samples subjected to serial decimal dilutions were 
plated in duplicate in MacConkey agar and incubated 
at 37°C for 24 hours (Vaz et al., 2017). Pink (lactose 
fermenter) and colorless (lactose nonfermenter) 
colonies were counted. For C. perfringens quantitative 
analysis, samples subjected to serial decimal dilutions 
were plated in duplicate in sulfite polymyxin 
sulfadiazine selective medium (SPS, Merck Sharp 
& Dohme, Kenilworth, NJ, USA) and incubated in 
anaerobic jar at 37°C, for at least 48 hours, according 
to Schocken-Iturrino et al. (2010). Only black colonies 
(sulfite reducers) were counted. The detection limit for 
both enterobacteria and C. perfringens was 100 CFU 
g-1 of litter sample. 

For the detection of C. perfringens cpa gene, which 
encodes the α-toxin, a pool of colonies isolated in SPS 
medium from each litter sample (n=67) was resuspended 
in 100 μL sterile distilled water. The DNA extraction 
was performed by boiling at 100°C for 10 min, followed 
by centrifugation at 1,000x g for 5 min. Specific primers 
Fwd: 5’-TGCATGAGCTTCAATTAGGT-3’ and Rev: 
5’-TTAGTTTTGCAACCTGCTGT-3’ were used to 
amplify the cpa gene, with a final product of 400 bp 
(Heikinheimo & Korkeala, 2005). Each PCR reaction 
contained 23 µL Supermix (Invitrogen, São Paulo, 
SP, Brazil), 0.5 µL of each primer (25 µmol L-1), 1U 
of Taq polymerase (Ludwig Biotecnologia, Alvorada, 
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RS, Brazil), and 2 µL of DNA. The thermocycler 
amplification protocol was: denaturation for 5 min 
at 95°C; 35 cycles of 1 min at 94°C, 1 min at 53°C, 
and 1 min at 72°C; and the final extension for 10 min 
at 72°C. Subsequently, the isolates were subjected to 
1.5% agarose gel electrophoresis. As positive control, 
a field isolate of C. perfringens was used.

All CFU (colony-forming unit) data were 
logarithmically transformed (Log10), expressed as 
means and standard deviations, and subjected to 
statistical analysis by unpaired t-test (GraphPad 
InStat 3). P-values of less than 0.05 were considered 
significant.

Results and Discussion

The quicklime application to both dark house and 
conventional broiler house promoted a significant 
reduction of enterobacteria CFU values (p<0.05) 
after the litter treatments (Table 1). The use of 
quicklime showed to be more efficient in reducing 
the enterobacteria than the combination of shallow 
fermentation with subsequent application of the 
quicklime. 

Regarding C. perfringens, only the combined 
treatment of shallow fermentation and subsequent 
quicklime application to the conventional system 

significantly reduced (p<0.05) the CFU values after 
the litter treatment (Table 2). However, all groups 
showed reduced C. perfringens CFU values before 
treatment, regardless of the broiler house system and 
litter treatment used.

In the present study, the CFU values of C. perfringens 
found in the litters were lower than those described 
by Cressman et al. (2010); however, the authors did 
not assess previous litter treatment between flocks. 
Furthermore, low CFU g-1 values of C. perfringens 
in the litters were evidenced before the treatments, 
showing the positive effect of biosecurity procedures. 
These data corroborate with those for the absence 
of disease in the evaluated flocks, as the integrated 
company of all broiler houses (451 conventional and 
200 dark houses) had neither a clinical case of necrotic 
enteritis nor a laboratory diagnosis of toxin-producing 
C. perfringens strains during the same year.

The presence of cpa toxigenic gene was verified 
by conventional PCR in litter samples with viable C. 
perfringens count. From 67 C. perfringens positive 
litter samples, the cpa gene was detected in 10 isolates, 
which were equally distributed before and after 
litter treatments (Table 3). These results show a low 
percentage of C. perfringens isolates with cpa gene. 
From all 35 broiler houses positive for C. perfringens 

Table 1. Enterobacteria count (Log10 CFU g-1) in litters of dark house and conventional broiler houses treated with shallow 
fermentation and/or quicklime.

Broiler house Litter treatment Enterobacteria count before treatment Enterobacteria count after treatment p-value

Mean Standard deviation Mean Standard deviation

Dark house 
Quicklime 3.20 1.13 2.04 0.11 <0.05

Fermentation + quicklime 3.05 1.56 2.78 1.14 >0.05

Conventional 
Quicklime 3.50 1.27 2.48 0.88 <0.05

Fermentation + quicklime 2.96 1.23 2.17 0.58 >0.05

Table 2. Clostridium perfringens count (Log10 CFU g-1) in litters of dark house and conventional broiler houses treated with 
shallow fermentation and/or quicklime.

Broiler house Litter treatment C. perfringens count before treatment C. perfringens count after treatment p-value

Mean Standard deviation Mean Standard deviation

Dark house 
Quicklime 2.30 0.42 2.21 0.53 >0.05

Fermentation + quicklime 2.33 0.41 2.08 0.17 >0.05

Conventional 
Quicklime 2.29 0.34 2.23 0.47 >0.05

Fermentation + quicklime 2.33 0.36 2.04 0.14 <0.05
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before treatment, only two conventional broiler 
houses, one treated with quicklime and the other with 
both shallow fermentation and quicklime, were also 
positive for the cpa gene after treatment. In the other 
six broiler houses, the toxigenic gene was detected 
before or after litter treatment. 

Cpa was previously detected by PCR as being 
the only lethal toxin-encoded gene in 60.8% of C. 
perfringens isolates from intestinal content of broilers. 
These isolates were characterized as C. perfringens 
type A, which was one of the most prevalent toxigenic 
type recovered from the jejunum and ileum of 
broilers (Gomes et al., 2008). Additionally, other two 
studies have shown that all C. perfringens isolates 
recovered from broiler’s intestine carry the cpa gene 
(Heikinheimo & Korkeala, 2005; Li et al., 2017), and 
that most of these isolates are sufficiently virulent to 
produce enteric disease in broilers coinfected with 
other enteric pathogens such as Eimeria spp.  (Albornoz 
et al., 2014; Li et al., 2017). 

The amplification of cpa gene indicates a potential 
risk of occurring necrotic enteritis in broilers, 
considering that this gene encodes the α-toxin, which 
is conserved in all types of toxigenic C. perfringens 
that affect broilers (Heikinheimo & Korkeala, 2005). 
This toxin can cause the hydrolysis of the phospholipid 
portion of the cell membrane and lysis of the cells. 
Consequently, these lesions lead to loss of the intestinal 
mucosa integrity, affecting the absorption capacity of 
the cells and, therefore, causing significant economic 
losses (Van Immerseel et al., 2004; Timbermont et al., 
2011; Albornoz et al., 2014).

The presence of residual bacteria in the litter is a 
critical threat to animal health during litter recycling 
between flocks (Dai Prá & Roll, 2012; Lopes et al., 
2013; Ritz et al., 2014; GlobalGAP, 2019). In the present 

study, quicklime litter treatment was efficient to reduce 
enterobacteria in both dark house and conventional 
broiler houses. This result was similar to that described 
by Dai Pra et al. (2009), which used 300 g of quicklime 
m-² of litter for Salmonella spp. control in reused litter 
after one flock. A suggested antimicrobial effect of 
quicklime is due to the high pH and dehydration of 
the broiler litter over the course of the flocks (Dai 
Pra et al., 2009; Chen & Jiang, 2014); however, low 
quicklime concentrations applied to different litter 
composition may not significantly reduce the bacterial 
load (Bennett et al., 2005; Chen & Jiang, 2014; Ritz et 
al., 2014). 

Additionally, a previous study has shown that 
shallow fermentation in conventional broiler houses 
was more efficient than quicklime and windrowing 
treatments, for reducing bacterial load of enterobacteria 
and aerobic mesophiles in reused litters throughout six 
consecutive flocks (Vaz et al., 2017). These results 
differ from those of the present study, which evaluated 
litters reused at least four times. Although field litter 
samples showed a variety of reuse, it is known that 
untreated broiler litters reach a stabilized bacterial 
load of enterobacteria and mesophiles from the fourth 
flock onward (Vaz et al., 2017), as well as a decreased 
bacterial load of Salmonella spp. after the sixth reuse 
of the litter (Roll et al., 2011). 

Litter treatments in conventional broiler houses 
during downtime period can be based on the sanitary 
challenge that each broiler house has, since, for 
enterobacteria, the most effective treatment was the 
quicklime application, whereas against C. perfringens, 
the most effective treatment was shallow fermentation 
and subsequent quicklime application. Conversely, 
the latter is more laborious because seven days are 
necessary for shallow fermentation, followed by 

Table 3. Detection of cpa toxigenic gene by conventional PCR in Clostridium perfringens isolates of broiler litters.

Broiler house – litter treatment Detection of cpa toxigenic gene (%)

Before treatment(1) After treatment(1)

Dark house – quicklime 14.3 (1, 7) 16.7 (1, 6)

Dark house – fermentation + quicklime 0.0 (0, 7) 0.0 (0, 7)

Conventional – quicklime 22.2 (2, 9) 33.3 (3, 9)

Conventional – fermentation + quicklime 16.7 (2, 12) 10.0 (1, 10)

Total (broiler houses) 14.4 (5, 35) 15.6 (5, 32)
(1)Number of positive and total litter samples between parentheses ( , ).
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quicklime treatment. In addition, this leaves a short 
period after litter treatment to prepare the broiler 
house for housing chicks. These results reinforce the 
important role of monitoring pathogens in broiler 
litters and, therefore, determining the potential health 
risks for broilers. This helps to decide which health 
program will be best applied, contributing to improve 
biosecurity programs in different broiler houses.

Conclusions

1. The use of 500 g m-2 of quicklime is the most 
effective method for reducing enterobacteria load in 
broiler litter, in both dark house and conventional 
broiler house systems. 

2. The combined treatment of shallow fermentation 
for 7 days with the subsequent application of 500 g m-2 
of quicklime is efficient for the reduction of Clostridium 
perfringens in broiler litter, in conventional broiler 
house. 
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