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Abstract

A number of studies }(ave demonstrated improved production efliciency and reduced respiratory
problems in pigs reared in a clean building. There are a limited number of investigations in the
literature that specifically evaluate different cleaning methods and their efficiency in reducing
bacterial load on floor surfaces in livestock buildings. Studies were therefore initiated to assess
cleaning procedures and surface hygiene improvement techniques, to examine if animal
welfare could be improved and farm productivity maintained. As part of this study, controlled
experiments were implemented to assess the effects of different cleaning methods on the resultant
microbiological load of floor surfaces. The experiments clearly demonstrated the benefits of
specific cleaning practices. The utilisation of degreasers and flaming of pen floors proved to be
the most beneficial practices both on-farm and in laboratory settings.
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18.1 Introduction

One of the aims of any livestock production system is to minimise the prevalence of diseases
and their impact on the herd, thus improving animal welfare and health as well as the health
of stockpersons working in the system. Hence, there is need to improve livestock management
practices, as well as housing systems, to enhance the physical environment of livestock buildings
including hygiene levels.

18.2 Brief literature review

There have been many studies in Australia on air hygiene in livestock buildings (Banhazi et
al., 2008a,b,c,d.e). Evidence for the harmful effects of poor air quality on animal and human
health has been demonstrated over the last 15 years (Banhazi et al., 2009a,b; Cargill ef al., 1996).
Epidemiological studies provided strong field evidence for the negative effects of poor air quality
on the incidence and severity of respiratory diseases in pigs such as pleurisy (Robertson et al,
1990; Skirrow et al., 1995). Poor air quality in piggery buildings has also been associated with
health problems in farm workers (Donham et al., 1989, 1990, 2000), as well as pig health and
growth rate problems (Lee et al., 2005). Cleaning the facilities between batches of pigs is suggested
as one method of improving air quality. For example, one of the benefits of applying all-in/all-out
(AIAO) management in pig facilities is the extra ‘pig fre€’ time gained, which can be allocated
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for thorough cleaning between batches (Cargill and Banhazi, 1998). Dirty pigs and pens are
one of the major sources of respiratory dust, airborne bacteria and ammonia (Banhazi et al.,
! 2008d; Takai et al., 1998). The faecal material smeared onto pigs and pens dries quickly, shedding
i micro-organisms, producing ammonia and very fine particles of dried faecal material, which
B stays airborne for long periods of time. Pen fouling causes extra labour for cleaning, increases
the risk of health problems and increases the emission of ammonia to the environment (Banhazi
and Cargill, 1997; Banhazi et al., 2002).

However there are few investigations in the literature that specifically examine the efficacy of
cleaning in an intensive livestock building and its effects on surface hygiene. Hygiene in livestock
buildings is often less than satisfactory and potentially poses a constraint to improved production
efficiency in intensive animal husbandry systems (Wathes, 1994). All surfaces within livestock
buildings may harbour thriving populations of micro-organisms (Wathes, 1994). These micro-
organisms flourish in the moist, warm microenvironments of bedding, particularly in the cracks
and crevices of the building’s structure and equipment, which are coated with a ready supply of
nutrients made up of dust and manure. In the first few weeks after the weaning of pigs, problems
often appear, manifested by poor feed intake, reduced growth, post-weaning diarrhoea and
increased mortality. The effects of pen hygiene on production were evaluated in a study (Rantzer
et al., 1998). Mortality and morbidity among pigs raised in poor hygiene pens were higher than
among the good hygiene pigs. After weaning, there were significantly more treatments given for
Escherichia coli-associated post-weaning diarrhoea among the poor hygiene pigs. It is apparent
that even a little difference in hygiene level may have a negative effect. The morbidity and mortality
of the poor hygiene pigs was higher than the good hygiene pigs.

Normally avariety of physical cleaning processesare used prior to the use of chemical disinfectants.
Piggery buildings are normally washed, by using either high-pressure cleaners or a low pressure
hose followed by the application of a degreaser and/or a disinfection agent (Roelofs et al., 1993).
Surface hygiene may also be improved in buildings by applying some common-sense principles,
such as the elimination of unnecessary horizontal and uneven vertical surfaces. Choice of building
material may also have some significant effects on surface hygiene (De Belie et al., 2000). Efficient
and purposeful application of sanitation measures requires knowledge about the devitalisation
effect of disinfectants on the target micro-organisms in their respective environment (Ondrasovic
et al., 2000). Equally important is the knowledge about the negative effects of disinfectants, such
as toxicity, corrosive eflects, irritant properties, and residual action. The development of new
chemical disinfectants based on combination of various active ingredients with the addition of
detergents or other potentiating substances increased considerably in recent years (Ondrasovic
et al., 2000).

In summary, cleaning standards and methods are increasingly being recognised as the most
important components of good livestock management (Madec, 2013; Wathes, 1994). Often in
the past, cleanliness and building hygiene issues have been under-estimated, but are emerging
as one of the key factors affecting air quality, livestock health and production {Algers, 2000;
Tielen, 2000). Despite the evidence presented by a number of authors (Duchaine et al., 2000;
Madec et al., 1998; Rantzer and Svendsen, 2001), there are few investigations in the literature
that specifically evaluated different cleaning methods and their efficiency in reducing bacterial
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load on the floor surface in livestock buildings. Studies were therefore initiated and implemented
at the University of Adelaide, Roseworthy Research Piggery with the aim of assessing cleaning
methods and surface hygiene improvement techniques on-farm to ensure a high level of animal

welfare and production.
18.3 Materials and methods

A number of controlled experiments were performed. The individual experiments were conducted
on concrete ‘hygiene-pavers’ using pig manure to mimic pen fouling. The cleaning effect was
evaluated based on reduction in the original bacterial load on the paver surface.

18.3.1 Experimental tools - ‘hygiene pavers’

To facilitate easy and controlled assessment of cleaning methods, a special experimental tool
was developed. Concrete hygiene pavers (80x80x45 mm) were manufactured using Silica
fume concrete to replicate the flooring material normally used in piggeries (Figure 18.1). This
experimental tool enabled the researchers to use the required number of identical replicates for
different treatments and also conduct the experiments under controlled conditions. However,
it was also recognised that follow-up, farm based experiments had to be implemented to
complement the results of these essentially laboratory based results. The results of the farm based
experiments (validation trials) are also presented in this article.

Figure 18.1. Hygiene pavers are prepared for the experiments.
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' ! 18.3.2 Microbiological tools

,11 In our experimental study, we used swabbing and plating technique to determine microbial
. loads before and after each cleaning method as a means of evaluating the cleaning efficiency.
PP The technique involved swabbing the experimental surface with a 150 mm sterile cotton tipped
f swab (Rowe Scientific, South Australia) and transferring the swab onto a sterile Colombia horse
blood agar (HBA) plate (Oxoid scientific, South Australia). HBA as a basal medium contains
T caesin hydrolysate supporting growth of large colonies of a broad range of Gram positive and
Gram negative bacteria and a meat infusion with horse blood providing means for isolation of
clinically significant pathogens such as Staphylococcus. After 48 hour incubation, any bacteria
which have been transferred would grow and could then be counted. The Australian Standard
] Method suggests that 6 organisms/sq ¢m is an acceptable level of detection (NATA, 1992; ASM,
q 1996).

| 18.3.3 Manure preparation and application

The ‘hygiene-pavers’ used during the study were individually pressure washed and disinfected
with Virkon 8* prior to use. Faecal material was collected from pig pens, mixed with water (1:1
volume ratio), homogenised and 150 g of mix was placed on each paver. The faecal material
was evenly distributed over each paver with a spatula (Figure 18.2) and left for 8 h to mimic the
natural baking effect occurring in pig pens and thus the hygienic condition of dirty pen floors.
The coating with manure was the starting point of all experiments reported in this chapter. The
hygiene pavers were then treated accordingly to the different experimental protocols to determine
the efficacy of various cleaning methods.

18.3.4 Experimental design and cleaning methods

The experiments conducted under laboratory conditions are listed in Table 18.1 and the cleaning
methods implemented during the study are listed in Table 18. 2.

18.3.5 Sampling procedure

After cleaning, the hygiene pavers were swab sampled using Perspex sheets with 4 cm? square
windows (20x20 mm}). Four replicates per hygiene paver were obtained to determine an accurate
value for the residual viable bacterial load. The Perspex sheets were disinfected with 80% ethanol
solution between each site (Figure 18.3). Aseptic swab was dipped into a sterile solution of 0.1%
peptone water, the Perspex sheet was placed on the paver and the 4 cm? area was swabbed by
firmly rolling the swab tip back and forth (Figure 18.4). The swab tip was then cut off into 0.1%
peptone water and serially diluted four times (1:10*) to prepare an inoculums stock. Finally, 100
ul of the inoculum was uniformly spread onto a HBA plate and incubated at 37 °C for 48 h. The
incubated plates were placed on a light box and the colony forming units were counted.
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Figure 18.2. Application of pig manure on experimental pavers.

Table 18,1. Cleaning methods assessed during the study.

No  Experiment
1 Hosing vs. pressure washing

2 Hosing vs. degreasing

w

Hosing vs. dry scrubbing
4 Hosing vs. dry scrubbing and flaming
5 Dry scrubbing vs. dry scrubbing
and liming
6 Dry scrubbing and liming (summer vs.
winter) over 24 h
7 Dry scrubbing and liming over varying
periods {1, 24, 48 and 72 h)

Aims

assess the efficacy of hosing compared to high-
pressure washing

assess the efficacy of hosing compared to the
utilisation of a degreaser product (Farm Mate™,
Cyndan, Inc. Garland, USA)

assess the effect of dry cleaning

assess the effects of heat treatment {flaming)

assess the effects of using dry cleaning methods in
combination with the application of lime-solution

assess potential climatic/temperature effects on the
cleaning efficiency of using lime solution

assess the effects of using dry cleaning methods in a
combination with the application of lime-solution
and increased down-time
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Table 18.2. Choice of cleaning methods applied in the study piggery.

Cleaning method Description

Hosing Individual hygiene pavers were housed in a single direction using mains
water for 10 sec aiming to remove visible particulates.

Pressure washing Pressure washing was done using commercial pressure cleaner connected

to mains water source. Hygiene pavers were hosed for 5 sec ensuring visual
cleanliness of surface. The pressure hose was aimed at particulates in an
unidirectional manner.

Degreasing Hygiene pavers were hosed briefly for about 10 sec and foilowed by uniform
coverage of degreasing agent. A commercial degreasing agent {Farm
Mate™) diluted in water {1:3 volume ratio) was used. The degreaser was
allowed to stand for 60 min before hosing briefly for an additional 10 sec.

Dry scrubbing Heavy duty nylon brush was used to clean with hand pressure with an
objective of removing visible particulates.

Liming Hygiene pavers were evenly coated with 20 ml of builders lime slurry (11%
w/v) ensuring full coverage of the paver surface,

Flaming Hand held LPG gas burner was used in flaming the surface. Flame was

moved across the surface from left to right of each paver ensuring an
effective holding time of 5 sec during the process.
Temperature/seasonal Hygiene pavers were dry cleaned, lime-treated and kept in an area artificially
effects heated (mean temperature of 37 °C) or cooled {mean temperature of 8 °C}
for 24 h before swabbed, mimicking summer/winter conditions.
Effects of increased Hygiene pavers were dry cleaned, lime-treated and sampled at different
down-time times (after <1 h, 24 h, 48 h and 72 h) to mimicking the effects of increased
down-time.

18.3.6 On farm validation studies

A validation study was conducted on-farm in order to verify the efficacy of the cleaning
techniques evaluated under ‘laboratory conditions. The two best techniques were then selected
for on-farm evaluation and two experiments were conducted at the University of Adelaide,
Roseworthy Research Piggery weaner facility. As both experiments were conducted as a ‘before/
after validation’ study; the untreated floor covered with dried faecal material was used as control.
A total of 32 swab samples were collected during each experiment (16 control and 16 experimental
samples) and sampling was done as described above in relation to the laboratory experiments.
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Figure 18.4. Taking swab samples from hygiene pavers.

Livestock housing

k

361

e emm——"

e




. s

18. Practical evaluation of cleaning methods that could be implemented in livestock buildings

-

Figure 18.4. Taking swab samples from hygiene pavers.
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|
!
. Experiment one: dried untreated/dirty floor vs. degrease 1 hour and wash

, This experiment was done to validate the efficacy of using degreaser for 1 h and washing the floor
after that. Exactly the same experimental procedure was followed as described in Table 18.1 and
| 18.2. Degreasing of floors was done with 1.3 diluted degreaser (Farm mate™) for 60 min. before
hosing off the degreaser using mains water.

Experiment two: dried untreated/dirty floor vs. dry scrubbing and flaming

This experiment was done to validate the efficacy of dry scrubbing and flaming the floor. Flaming
was done after dry scrubbing with a wire brush to remove visible particles as described in Table
18.1 and 18.2. Flaming was evenly conducted over the surface to ensure a minimum of 5 sec
contact time.

18.3.7 Statistical methods

Statistical evaluation of the results were undertaken using one-way ANOVA (StatSoft, 2001) as
the experimental and control hygiene pavers were under exactly the same environmental and
experimental conditions. Indeed, one of the benefits of using the described methodology was
that all potential interference with the experiments was eliminated during the laboratory and to
large extent during the on-farm phases of the project.

18.4 Results and discussion
18.4.1 Laboratory studies

Figure 18.5 shows the soiled hygiene pavers undergoing various cleaning process as described
in Table 18.2.

The different cleaning processes resulted in varying degrees of success with cleaning, both visually
and microbiologically. Pressure washing and the degreasing process led to the best post cleaning
appearance visually, while dry scrubbing alone or in combination with flaming resulted in the
least appealing visual cleanliness.

Figures 18.6-18.15 show post cleaning bacterial loads for various cleaning methods studied.

The results of the first experiment are presented in Figure 18.6 and the results of a related study Figur
is presented in Figure 18.7 (Banhazi et al., 2003). The number of colony forming units (cfu) degre
was higher (18x10* cfu/cm?) on the surface of the hosed hygiene pavers, compared to the high
pressure washed hygiene pavers (14x10* cfu/cm?), but the difference was not significant (P=0.35).

However, experiments conducted previously using almost identical methodology demonstrated clean
the superior cleaning ability of pressure washers, compared to hosing (Banhazi et al., 2003). The diffe
results of the this current and the previous experiments (Banhazi ¢t al., 2003) demonstrate that the p
even slight differences in cleaning procedures could result in significantly different outcomes. ‘hosi
Thus the correct use of the cleaning procedure is probably just as critical as the nature of the press
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18. Practical evaluation of cleaning methods that could be implemented in livestock buildings

Figure 18.5. Various cleaning methods applied to soiled floor pavers. {a) hosing; (b} pressure washing; (¢)
degreasing; (d} dry scrubbing with wire brush; (e} liming using builder’s lime; and (f) flaming.

cleaning method itself. It is very likely that during the current experiment the non-significant
difference between the two cleaning methods was not the result of the underperformance of
the pressure washing technique. Indeed, it is most likely that the cleaning method using simple
‘hosing’ resulted in a better than expected microbiological cleanliness, approaching the level of
pressure washing. ‘This is hypothesised as the residual bacterial load on hygiene pavers treated
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Figure 18.6. Post cleaning bacterial load {(mean + standard error) of hygiene pavers (colony forming units per
cm?); hosing vs. pressure washing (P=0.35), 8 hygiene pavers used for each treatment.

A 14 1
\i
J! 12
1 ——
. 10-
!
NE 8~
| S
e}
| : -
. X 64
t: e
H e
1- .
; 5
i
0 e,

Hosing Pressure washing

Figure 18.7. Post cleaning bacterial load (mean * standard error} of hygiene pavers (colony forming units per
cm?): hosing vs. pressure washing (P<0.001), 3 hygiene pavers used for each treatment (Banhazi et al,, 2003).
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by both cleaning methods was very low. This improved performance of the hosing techniques
could have been the result of higher main water pressure than usual or improved cleaning ability
of the water used.

It has to be emphasised that the current experiment focused on the surface hygiene of the cleaned
floor segments {(hygiene pavers), ignoring other effects, such as the aerosol generating nature of
pressure washing. Anecdotal reports of the potential drawbacks of pressure washing in poorly
ventilated areas is its tendency to re-distribute small particles (in the form of very fine aerosol)
in the air, which can later settle on horizontal surfaces and potentially re-infect these surfaces.
The result of a related study demonstrated that even thoroughly cleaned surfaces can be easily
re-infected with bacteria via dirty, dusty air (Banhazi et al., 2003).

Pressurewashing can also pose an occupational health and safety hazard, if no protective equipment
is worn by workers undertaking the cleaning task. However, the experiment demonstrated, what
is generally accepted in practice, that both hosing and high pressure washing could improve both
the visual and bacteriological cleanliness of floor surfaces, if correctly applied.

Experiment two (Figure 18.8) demonstrated that using a degreaser (147x10* cfu/cm?) can
significantly improve cleanliness compared to hosing (542x10* cfu/cm?). Interestingly, degreasing
also resulted in an excellent cleaning effect (Figure 18.9) during a previous study (Banhazi et al.,
2003), confirming the results of the current study. The number of cfu was significantly higher on
the surface of hosed hygiene pavers, compared to the degreased hygiene pavers in both studies
and the difference was about four fold. This experiment demonstrated that the use of degreaser
could potentially help producers to achieve a very high level of floor cleanliness. However, this is
only true, if the soiling of pen surfaces is totally removed. Any residual soiling will significantly
decrease the biological cleanliness of pen surfaces. Thus, certain amount of contact time is
required by degreaser products to realise their beneficial effects.

However, the results of a previous study demonstrated that the beneficial effects of degreasers do
not linearly increase with increased contact time (Banhazi et al., 2003). In a previous experiment
non-significant differences were detected between the concentrations of cfus measured on the
surface of the hygiene pavers degreased for 1, 2 or 3 hours (Banhazi et al., 2003). It appeared that
after leaving the degreaser on the soiled surface of the experimental hygiene pavers for an hour,
any further increase in degreasing time did not result in any improvements. We have demonstrated
under experimental conditions that the degreaser needs to beleft on the floor surface for at least
one hour. However, under commercial conditions, where the level of soiling could be much
worse than under experimental conditions, a longer degreasing time might be warranted. Specific
degreasers are also expected to work differently, resulting in a different optimal soaking time.
However, producers should be aware that the benefits of degreasing do not necessarily increase
in a linear fashion with increased soaking time. Based on the results of the current and previous
experiments; it is most likely that an optimal soaking time exists for different degreasers, above
which no extra benefits are to be gained. Observing and strictly adhering to such optimal soaking
times will ensure that producers will gain the maximum benefits achievable, while minimising
the downtime and therefore the expenditure associated with the cleaning method used. Overall
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the use of degreaser products is highly recommended, as their beneficial effects were confirmed
by two separate studies (Banhazi et al., 2003).

Experiment three demonstrated that although visually better cleaning was achieved with hosing,
the residual bacterial load of hosed hygiene pavers were 15% higher when compared to dry
scrubbing method (390x10% cfu/cm? vs. 338x10* cfu/cm?; Figure 18.10). These results indicated
that hosing was slightly but not significantly (P=0.12) worse than scrubbing. Therefore, dry
scrubbing did not contribute to improvement of cleaning efficiency as much as was expected.
Another point is that hosing during this experiment ‘underperformed’ highlighting the
potentially varied nature of cleaning outcomes. This is despite the fact that very strict experimental
procedures were implemented during this study. Thus, it can be expected that the efficiency of
cleaning methods on farms (where the implementation of cleaning procedures may be less strict)
can be highly variable.

The main aim of experiment four was to assess the effects of dry scrubbing and heat treatment
on the resulting surface bacterial load (Figure 18.11). Flamed hygiene pavers (597x10* cfu/cm?)
had significantly (P=0.008) less residual bacterial load than hosed (843x10* cfu/cm?) hygiene
pavers resulting in approx. 30% reduction. Flaming seems to destroy vegetative cells but it is ;
recognised that the elimination of spores may depend on the heat maintenance and the efficiency X
of heat transfer to the surface. Thus it is suggested that further studies need to be undertaken }‘
to understand and thus improve the efliciency of heat transfer. Further improvements in dry ;
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Figure 18.10. Post cleaning bacterial load (mean + standard error) of hygiene pavers {colony forming units i’
per cm?): hosing vs. dry scrubbing (P=0.12), 3 hygiene pavers per treatment.
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Figure 18.11. Post cleaning bacterial load (mean + standard error) of hygiene pavers (cofony forming units
per cm?): hosing vs. dry scrubbing and flaming (P=0.008), 4 hygiene pavers per treatment.

scrubbing and flaming techniques could also result in improved bacterial cleaniiness of piggery
environments, while improving the safety and efficiency of this cleaning method.

Experiment 5-7 all aimed at assessing different aspects of using dry cleaning methods in
combination with the application of lime-solution on surface bacterial load of hygiene pavers
(Figure 18,12-18.15). Experiment five demonstrated the effects of applying a thick lime solution
to hygiene pavers as a single effect, while experiment six and seven demonstrated the effects of
lime application in combination with temperature differences and increased down-time.

Liming (506x10* cfu/cm?) resulted in the detection of higher bacterial load on the surfaces of
the hygiene pavers when compared to dry scrubbing (422x10% cfu/cm?), but the difference was
not statistically {(P=0.30) significant (Figure 18.12). These results are counter intuitive and likely
resulted from progressive microbial growth within the microscopic crevices of the concrete
hygiene pavers (Figure 18.13). Liming generally has been found to have a disinfectant affect via
denaturalising bacterial cells (Heinonen-Tanski et al., 2006; Venglovsky et al., 2006). However,
the current study demonstrated that a very thick lime solution can form a protective film over
contaminated surfaces thus encouraging further microbial growth underneath the protective
layer that can provide a moist and relatively warm environment. Figure 18.14 shows a schematic
diagram explaining the possible venue for bacterial growth in micro crevices on the paver surface.

The main aim of experiment six was to assess the potential climatic/temperature effects on
cleaning efficiency and thus on the resulting surface bacterial load (Figure 18.13). The four
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Figure 18.12. Post cleaning bacterial load (mean + standard error) of hygiene pavers (colony forming units
per cm?): scrubbing vs. dry scrubbing and liming (P=0.30), 4 hygiene pavers per treatment.
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Figure 18.14. Post liming bacterial growth on paver surface.

hygiene pavers that were dry cleaned, lime-treated and kept artificially heated at 37 °C (mimicking
summer conditions) for 24 h before being swabbed had significantly (P<0.001) higher bacterial
load (425%10* cfu/cm?), when compared to hygiene pavers that were treated in the same way
but cooled in a fridge (mimicking winter conditions) at 8 °C (281x10* cfu/cm?®). These results
underpinned the results of the previous experiment, and demonstrate that underneath the thick
lime solution bacterial activity could take place that is obviously enhanced at higher temperatures.
Due to the slow drying of the thick lime solution, the drying effect of increased heat is reduced,
thus providing a warm and moist microclimate for bacterial growth.

The appearance of the lime solution used during the experiment was very thick/viscous but the
solution was made up to mimic the solution used on farms (B. Lloyd, personal communication)
Based on these results, it will be advisable to reduce the concentration of the lime solution from
the currently used (11% w/v) to perhaps half around 5-6% weight/volume. This would result in
a number of benefits. First, the application cost would significantly decrease as less lime would
be used per unit volume of mix. In addition, the viscosity of the mix would decrease facilitating
the more even spread, deeper penetration of the thinner solution into the micro-crevices of the
concrete floor. During the experiment it was relatively easy to observe visually that the very
viscous lime/water mixture, did not penetrate but ‘sat on the top’ of the concrete floor.

In addition, the thinner solution would dry quicker, that would definitely improve the disinfectant
effect of the solution. Previous experiments demonstrated the beneficial effects of thoroughly
drying concrete pen floor, as even after full disinfection, further improvements was achieved by
allowing hygiene pavers to dry for 48 h (Banhazi et al., 2003). The results of previous experiments
and indirectly the current experiment are reinforcing the need for drying pens on commercial
farms thoroughly before re-stocking and avoiding practices that would keep the surface of
concrete floors moist for an extended period of time.

The aim of experiment seven was to assess the effects of using dry cleaning methods in
combination with the application of lime-solution and increased down-time on residual bacterial
load of hygiene pavers (Figure 18.15). The hygiene pavers that were dry cleaned, treated with lime-
solution and sampled almost immediately had lower concentration of residual bacteria (573x10*
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cfu/cm?) than hygiene pavers that were sampled after 24, 48 (1,242/1,172x10* cfu/cm?) and 72
hours (3,455x10* cfu/cm?). Again, this experiment appears to confirm the results of previous
lime-treatment related experiments that indicate bacterial growth might occur underneath the
thick lime solution and the bacteria number can potentially increase with time (Figure 18.15)
and also with increased temperature (Figure 18.13). As indicated before, thinner lime solution
that would dry quicker and would penetrate the micro-crevices of the concrete floor might be
the solution for this identified problem.

18.4.2 On farm evaluation

Laboratory investigations aimed at assessing the efficacy of commonly employed cleaning methods
in livestock buildings (as detailed above) revealed that degreasing and dry scrubbing/flaming
resulted in significant reduction of residual bacterial load on the surfaces of hygiene pavers.
However, the limitations of essentially small-scale laboratory based studies were acknowledged
as these were based on application of a homogenous slurry from a single sample collected at a
specific farm. It must be noted that several factors influence the bacterial load present on the
paver surface including the microbial composition in the pig manure, category of pigs, their
diet, age group of animals and duration of animal stay in the building. Under such constraints,
two follow-up experiments were initiated and executed under commercial farm conditions in
weaner sheds. These follow up studies were used to verify the results of the previous laboratory
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Figure 18,15, Post cleaning bacterial load {mean + standard error) of hygiene pavers {colony forming units
per cm?): dry scrubbing vs. dry scrubbing and liming and increased down-time (P<0.001), 2 hygiene pavers
per treatment (different letters above the columns indicate statistically significant difference). [
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based experiments. The current study may need to be replicated for site specific adoption of these
techniques.

These ‘before/after” studies generated (Figure 18.16 and 18.17) results that underpinned the
applicability of both the cleaning methods on farms and confirmed/validated the results achieved
under laboratory conditions. Both dry scrubbing and flaming the floor (92x10* cfu/cm?) and
degreasing (111x10* cfu/cm?) significantly reduced the residual bacterial load of the floor sections
when compared to the control samples (153x10* cfu/cm? and 183x10* cfu/cm?, respectively).
Thus these on-farm results confirmed the beneficial effects of the evaluated cleaning methods.

In summary, this study demonstrated the comparative benefits of the selected cleaning methods.
Given the time and financial limitation of this study, it aimed at assessing the methods that were of
particular interest for the Australian pig industry at the time of the study. The reported study did
not aim to assess all possible cleaning methods, but provided a framework and methodology for
future follow-up studies. Some additional cleaning methods, including one of the most commonly
used decontamination methods (soaking, cleaning, disinfecting and then drying) were assessed
as part of an earlier study (Banhazi ef al., 2003). In addition, the authors also acknowledge that
other important aspects of the cleaning methods applied, such as appropriateness of flaming in
pens with plastic floors or the possible corrosive effects of regular liming were not considered.
However, the study simply wanted to demonstrate the relative benefits of selected cleaning
methods and not necessarily advise for or against any particular method. The ultimate decision
of the application of specific cleaning methods used on particulars farms have to be made by
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Figure 18.16. Post cleaning bacterial load (mean = standard error) of hygiene pavers (colony forming units
perem?); control vs, dry scrubbing and flaming (P=0.002), 16 samples per treatment,
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Figure 18.17. Post cleaning bacterial load (mean + SE) of hygiene pavers {colony forming units per cm?);
hosing vs. pressure washing (P=0.004), 16 samples per treatment.

farm managers. Equally, it was recognised that the bacterial composition of manure can vary
significantly between farms. Thus the resulting bacterial load documented in this study are not
absolute, but relative values. However, it was essential during this study to standardise the bacterial
content of the manure used, so reliable comparison can be made between the treatments. While
it is likely that different results will be achieved on other farms when using manure with different
bacterial content; it is hoped that the relative reduction or the trend in reduction will be similar
even on other farms. The positive results achieved during the on-farms component of this study
support this assumption.

18.5 Conclusions

A study was initiated and implemented to evaluate a number of practical cleaning methods aimed

at improving hygiene conditions in pig pens. The cleaning methods assessed using concrete

‘hygiene-pavers’ included hosing, pressure washing, degreasing, dry scrubbing and flaming,

liming and dry scrubbing. It was concluded that:

+ The utilisation of degreasing or dry scrubbing and flaming can result in high levels of bacterial
cleanliness of concreted surfaces,

« Liming did not result in the expected hygiene improvement. This might be related to the fact
that the currently used very thick lime solution does not allow the surfaces to dry effectively.
In addition, the ability of the thick lime solution to penetrate micro-crevices of the concrete
floor and therefore to maximise contact with the surface of the floor was also questioned.
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Using thinner lime solution on farms to improve the disinfecting ability of the mixture was
suggested based on the results of this study.

The study results also indicated that further investigation is required to optimise liming and
flaming procedures.
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