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Antibacterial Efficacy of Commercial
Disinfectants on Dirt Floor Used in Poultry
Breeder Houses

ABSTRACT

Dirt floors are used on most Brazilian poultry farms since the
construction of concrete floors is very expensive. In vitro tests carried
out to verify the effectiveness of disinfectants do not consider the adverse
conditions found in poultry farms. Therefore, the present study aimed
at evaluating the effect of six commercial disinfectants on the reduction
of total and fecal coliforms on the dirt floor of breeder houses. The
amount of disinfectant solution to be used per square meter was defined
by counting total and fecal coliforms at different soil depths and by
analyzing soil physical properties. Coliforms were detected at 0.5 cm,
and one liter of disinfectant solution was sufficient for soil saturation at
this depth. After that, the efficacy of six commercial products (caustic
soda, hydrated lime, phenols 1 and 2, iodine, glutaraldehyde, and
guaternary ammonium) in reducing the number of coliforms, after six
hours of contact with the dirt floor, was assessed using the most probable
number (MPN) method. Escherichia coli specimens isolated from the
dirt floor were used to evaluate in vitro effectiveness of disinfectants.
Products that yielded the best results in the MPN method were also
effective in the in vitro tests. Among the tested disinfectants, hydrated
lime was the most efficient, reducing the initial contamination by 2.9
log after six hours of contact with the dirt floor.

INTRODUCTION

Cleaning and disinfection established in poultry farms, in compliance
with sanitation control procedures, ensure farm animal health, as in
confined animal facilities, the frequency of diseases and their severity
are directly related to the level of environmental contamination (Siqueira,
1995).

Due to the high cost of the construction of concrete floors for poultry
houses in Brazil, the disinfection of the dirt floor is a critical point, because
the removal of organic matter, which reduces the antimicrobial activity
of disinfectants, is not simple (Ruano et al., 2001). In addition, in vitro
tests do not consider the adverse conditions found in poultry farms
(Sobestianski, 2002). Morgan-Jones (1987) asserts that such tests would
help to determine the efficacy of disinfectants, but recommend
detecting and counting microorganisms in the field in order to verify the
actual effect of the products used.

Logan & Bartlet (2001) demonstrated that after cleaning and
disinfection of a dirt floor, only the top layer was moderately
decontaminated. The same authors, testing the effectiveness of
disinfectants using MPN method before and after the use of these
products, observed a 98% decrease in bacterial count at a depth of
1.37 cm. Paganini (2002) mentions that the disinfection of a dirt floor
does not remove microorganisms from deeper soil layers, as the amount
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of disinfectant needed to reach these layers is not
known. Ruano et al. (2001) verified that most
disinfectants are effective in the absence of organic
matter, but that contact time and the amount
recommended by the manufacturer have to be
increased in order to maintain their efficacy in the
presence of organic matter. For Romero (1970), the
weak presence of organic matter on deeper soil layers,
the lower oxygen supply due to soil compaction, and
the poor ability to compete with the soil flora are
adverse conditions for coliform growth.

Coliform bacteria are used as bacteriological
indicators to define the patterns for controlling the
quality of the water and foods for human consumption
(Delazari, 1998). Total coliform count is used to assess
sanitation conditions, where high counts mean poor
cleanliness and sanitation or post-processing
contamination (Sander, 2002), whereas fecal coliforms
indicate contamination by E. coli (Paganini, 2004). The
most probable number (MPN) method provides
information about the population of total and fecal
coliforms and, as it is more sensitive than plate counts,
it is indicated for the detection of small numbers of
coliforms (APHA, 1980).

Therefore, this work aimed at verifying the
antimicrobial activity of six commercial disinfectants on
dirt floor through the use of MPN, and to compare the
results of in vitro tests.

MATERIALS AND METHODS

The study was conducted in poultry breeder house
in the state of Rio Grande do Sul, Brazil. Samples were
collected 24 hours after litter removal. Poultry house
dimensions were 120 m X 12 m, with an area of 63 m
X 3 m next to one of the barn sides. This area was split
into three blocks of 21 x 3 meters, each subdivided
into seven 1m2 areas 2-m distant from each other. The
experiment was carried out in four phases:

1) total and fecal coliform counts of soil samples at

different depths,

2) determination of the amount of disinfectant

needed to saturate an area at a given depth,

3) assessment of the efficacy of six commercial

disinfectants used on dirt floor,

4) in vitro assessment of the efficacy of these

disinfectants against E. coli specimens isolated
during the first phase of the study.
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Total and fecal coliform counts in soil

samples at different depths

Five soil samples were collected at five different
sites from each of the blocks, totaling 15 samples. An
Uhland soil sampler with sterile stainless steel cylinders
measuring 50 mm X 50 mm was used (Klein, 1998).
Soil blocks were manually pressed out of the cylinders,
and cut into 0.5-cm layers with a knife blade.
Therefore, four samples were collected from each block,
three at each depth (0to 0.5cm, 0.5to1cm, 1to 1.5
cmand 1.5 to 2 cm) totaling 12 samples. Samples were
stored in sterile plastic bags, and then taken to the
laboratory to determine coliform numbers, i.e., total
and fecal coliform counts using MPN (Sander, 2002).

Determination of the amount of

disinfectant needed to saturate an area

at a given depth

Five soil samples were collected at different sites
from each of the three blocks. Organic matter content
was determined by sulfochromic oxidation, as described
by Tedesco (1995). Particle size composition was
obtained using the method developed by Gee & Bauder
(1986), whereas soil density, total porosity, and
humidity were determined according to the Manual
on Soil Sampling and Methods of Analysis (Embrapa,
1997). In order to determine the solution volume to be
applied to a given area, we used gravimetric water
content as a function of soil density, which allowed us
to calculate volumetric water content. The amount of
water necessary for saturation was based on volumetric
water content and on total porosity. The difference
between these two parameters indicated the amount
of pores that still could be water-filled. After
determining the layer that should be saturated, we
calculated the amount of water to be added per m?
(Libardi, 2005) using the soil water storage equation.
These physical and hydro parameters allowed the
calculation of the amount of disinfectant needed to
saturate the dirt floor down to the desired depth (Klein,
1998), i.e., up to the point at which coliforms could be
detected in the first phase of the study.

Assessment of the efficacy of six

commercial disinfectants used on dirt

floor

Six commercially available products were tested:
hydrated lime (CaOH, 90.46%), caustic soda (NaOH
98%), quaternary ammonium compounds with
glutaraldehyde (benzalkonium chloride 50% and
glutaraldehyde 50%), iodine 2.6%, phenol 1 (phenols
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10.5%, cresols 10.5%) and phenol 2 (ortho-
phenylphenol 12.12%, orthobenzyl parachlorophenol
10.52%, para-tertiary aminophenol 4.06%). These
products were tested in triplicate in the three blocks
defined in the first phase of the study, and one block
was defined as control in each block of 1m?2 seven areas.
Three soil samples were collected from each 1m?area at
three different sites at a depth of 0.5 cm. Disinfectants
were diluted according to the manufacturer’s instructions,
as follows: phenol 1 (1:40), phenol 2 (1:256), iodine
(1:320), quaternary ammonium with glutaraldehyde
(1:1000), caustic soda (2.2%), and hydrated lime
(20%0). The efficacy of the disinfectants was assessed
by counting the number of coliforms, i.e, total and
fecal coliform counts six hours before and after the
application of the product (Siqueira, 1995).

In vitro assessment of disinfectant efficacy

The Escherichia coli specimens isolated during the
study were used to assess disinfectant efficacy,
according to the Methods of Analysis for the Control
of Products of Animal Origin and Their Ingredients
(Brasil, 1993). Disinfectants were diluted according to
the manufacturer’s instructions, and 9 ml of each
disinfectant solution was dispensed into sterile test
tubes, with addition of whole UHT milk. We added
0.1 mL of the test culture in stationary phase, diluted
1:100, to the tubes containing the diluted disinfectant,
homogenized it, and set contact times at 5, 10, 15
and 20 minutes. Afterwards, using a 10-uL calibrated
loop, we transferred the solution to tubes containing
10 ml BHI broth, which were incubated at 37°C for 96
hours, and checked for turbidity and biofilm formation
on the surface or for precipitation at the bottom of
the tubes. These samples were seeded onto EMB agar
plates, and the colonies were subjected to biochemical
confirmation.

Statistical Analysis

MPN values were transformed into logarithms, and
submitted to analysis of variance using a randomized
block design. Means were compared using Tukey’s
test (P = 0.05). Data were processed by Minitab for
Windows version 11.1.

RESULTS AND DISCUSSION

The results obtained using MPN relative to total and
fecal coliform counts in the dirt floor at different depths
showed that only the first of the four 0.5-cm superficial
layers indicated the presence of total and fecal
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coliforms, with an average of 1,100 MPN/g and 460
MPN/g, respectively. In layers with depth between 0.5
and 2.0 cm, coliform number was lower than 3 MPN/
g. These results show their possible absence, since this
is the smallest possible MPN value.

The detection of coliforms at 0.5 cm may be ascribed
to the fact that this layer is in direct contact with poultry
droppings, and even after litter removal and cleaning
of the floor, feces and wood shavings may remain in
the environment (Romero, 1970). In the present study,
organic matter content on the top layer (depths
between 0 and 0.5 cm) amounted to 6.7%, whereas
on the remaining layers (depths between 0.5 and 2
cm) it averaged 1.67%. Logan & Bartlet (2001), after
evaluating the contamination of dirt floor by coliforms,
found 1,900 MPN/g at a depth of 0.6 cm and 460 MPN/
g at 1.2 cm, demonstrating that contamination
diminishes as depth increases. The presence of
coliforms on the deepest layers of the dirt floor depends
on soil type and on soil compaction caused by
earthmoving activities. Sandy soils are more porous
than clay soils, and therefore are more susceptible to
deeper contamination (Kzar, 1988; Martinez et al.,
1999). The present study was conducted on a clay soil,
which is characterized by low porosity and good
compaction. The higher levels of contamination
observed by Logan & Bartlet (2001) may be due to the
physical properties of the soil, although these authors
did not describe them. For Paganini (2002), disinfection
of dirt floors is not effective at deeper soil depths as
the amount of disinfectant necessary to saturate the soil
is not known, and also because of the absent or limited
effect of these products in the presence of organic matter.
Thus, in the first phase of the present study, the necessary
amount of disinfectant was defined by counting coliforms
at different soil depths, and by assessing the physical
and hydraulic properties of the soil. Coliforms were
detected at up to 0.5 cm, and one liter was considered
to be sufficient to saturate the soil.

Among the six disinfectants used in the field trial
evaluation (Table 1), hydrated lime yielded the best
results, reducing initial contamination by 2.9 log
(p=0.0001). No significant difference was observed
between caustic soda, phenols 1 and 2, iodine,
orquaternary ammonium and glutaraldehyde. The
reduction of total and fecal coliforms obtained with
hydrated lime was similar to those found by Ide (1994),
who reported reductions of 3.18 logs for total coliforms
and of 2.94 log for fecal coliforms. Nevertheless, Huber
(1992) stated that organic matter reduces the effect
of hydrated lime.
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Both phenol compounds showed different
antibacterial effects on coliforms. This finding is
consistent with Martinez et al. (1999), who observed
some differences between compounds with the same
active ingredient when assessing the effects of phenols
on Salmonella, and concluded that these findings
resulted from the dilutions recommended by the
manufacturers and from the different concentrations
of the active ingredients.

Table 1 — Most probable number of total coliforms per gram
of dirt floor six hours before and after disinfectant application.

Commercial products MPN/g in log units Reduction

before after log %
6 hours

Caustic soda (2.2%) 321" 239 082 8487

Hydrated lime 3.38 0.47 2.90 99.87

Phenol 1 (1:40) 3.08° 329°  -022 -69.30

Phenol 2 (1:256) 3.04° 291° 013 25.33

lodine (1:320) 3.00° 338"  -0.38 -139.21

Quaternary ammonium

with glutaraldehyde (1:1000) 2.95° 3.38° -0.43 -170.67

Control (water) 3.04° 338"  -0.34 -116.86
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some disadvantages, in assessing the efficacy of
disinfectants. The major advantage is that it allows
checking whether the analyzed strains differ in terms
of resistance to the disinfectants tested (Andrade et
al., 1998). However, although the method can be used
to simulate the antimicrobial activity of disinfectants,
it does not reproduce the actual usage conditions on
poultry farms (Morgan-Jones, 1987). In this experiment,
the in vitro and field test results were similar (except
for phenol 1); however, according to the literature, the
efficacy of disinfectants under field conditions applied
to the natural microbiota or to the strains of
microorganisms artificially inoculated onto soil surfaces
is much lower than on suspension tests. Moreover,
even if the resistance of strains to the different active
ingredients of disinfectants turns out to be similar,
differences in adhesion and biofilm formation may
interfere with the efficacy of disinfectants (Andrade
et al., 1998; Costa, 1999; Hood & Zottola, 1997).

a, b, c: Different letters in the same row and column indicate
statistically significant difference (Tukey’s test P=0.05). (-): a negative
percentage value means that the number of microorganisms
increased after six hours of treatment. (MPN/g in log units): Most
probable number of microorganisms per gram of dirt floor in decimal
logarithm.

lodine was inefficient in reducing coliform MPN. This
finding is in agreement with that obtained by Gloaguen
(1980), who reported the poor effect of this disinfectant
in the presence of organic matter. Martinez et al. (1999)
showed the inefficacy of five iodine-containing
disinfectants on Salmonella when 10% of bird feces
were added to the disinfectant solution.

The use of two or more active ingredients in
commercial disinfectants is expected to increase the
antibacterial effect of these products. Products
containing quaternary ammonium and/or
glutaraldehyde have been the most widely used for
disinfection of poultry houses (Cardoso, 2000).
However, in the present study, this product was not
successful in reducing coliform MPN. Moreover, Huber
(1992) stated that products containing quaternary
ammonium result in a quick selection of resistant
microorganisms.

The in vitro assessment of the effect of disinfectants
on E. coli specimens isolated during the study revealed
that caustic soda, hydrated lime, and phenols 1 and 2
were efficient at all contact times (5, 10, 15, and 20
minutes), while iodine and quaternary ammonium with
glutaraldehyde did not have any antimicrobial activity
(Table 2). The in vitro method has advantages, but also
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Table 2 — In vitro evaluation of the effect of disinfectants on
Escherichia coli strains isolated from samples of dirt floor at 5,
10, 15 and 20 minutes.

Commercial products Contact time (in minutes)

5° 10° 15° 20°
Caustic soda (2.2%) - - - -
Hydrated lime (20%)
Phenol 1 (1:40)
Phenol 2 (1:256) - - - -
lodine (1:320) + + + +
Quaternary ammonium with
glutaraldehyde 1:1000 + + + +
Control + + + +

(-) no bacterial growth. (+) bacterial growth.

Sander (2002) reports that microorganisms isolated
from hatcheries show different sensitivity levels to
disinfectants as compared to standard samples. Eiroa
& Porto (1995) mentioned that disinfectants of different
brands and with the same active ingredient have
different antimicrobial activity. According to Tamasi
(1995), the in vitro method requires the use of standard
strains considered to be representative. However,
these strains are not influenced by external factors,
such as transfer of resistance genes, physiological
injuries due to prolonged use, underdosage, and
presence of organic matter, which may lead to the
development of resistance. Thus, the assessment of
the efficacy of disinfectants should not be restricted
to in vitro tests and field trials with drag swabs, agar
pour plate, or total count of microorganisms should be
used to evaluate the actual effect of the products
employed. According to Sander (2002), it is also
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important to consider that field samples allow the
identification of bacteria and testing the sensitivity of
these microorganisms to commercially available
disinfectants.

Programs for the disinfection of poultry farms use
hydrated lime to provide higher light intensity for the
birds, and to improve the appearance of the farm.
However, according to the present study, hydrated lime
was more efficient than the currently available
disinfectants. So, it can be inferred that the disinfection
of poultry houses with commercial disinfectants was
perhaps improved with the subsequent use of hydrated
lime, as some disinfectants did not present any
antibacterial activity in the present study.
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