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ABSTRACT

Background: The hygiene procedures in poultry slaughterhouses consist in the use of hot water, detergent and sanitizing, 
configuring Sanitation Standard Operating Procedure (SSOP). These actions control contamination in food processing 
environments, especially by pathogenic microorganisms, which cause diseases with impact on public health and economic 
losses. The microbiological control of aerobic mesophiles, Staphylococcus aureus and Escherichia coli, are used as indica-
tors of contamination. The hygienic-sanitary conditions on the surfaces of the poultry slaughterhouse cuttting room were 
evaluated, before and after cleaning and sanitizing procedures.
Materials, Methods & Results: Conventional microbiology (Rodac plates and sponge for quantification of aerobic me-
sophiles, Staphylococcus aureus and Escherichia coli) and ATP-Bioluminescence were used to analyze the action of hot 
water and the active principles peracetic acid, quaternary ammonia and biguanide in the standard pre-operational hygiene 
procedure in the cutting room of the poultry slaughterhouse under Federal Inspection with slaughter capacity of more than 
20.000 birds/h. The evaluations were performed on three lines of chicken thigh cuts at the same time and in a completely 
randomized manner on stainless steel surfaces, polyurethane belts and polyethylene boards. Samples were made in four 
replicates at the three surface totaling 108 assay for each microorganism. The samples were collected at the end of the cut-
ting process, before and after washing the surfaces with hot water (between 45 and 50ºC) and after sanitization with 0.5% 
peracetic acid, 2% quaternary ammonia and 1% biguanide. The ATP-Bioluminescence method detected organic matter 
at all collected points and Rodac plates allowed a better recovery of microorganisms than sponges for quantification of 
aerobic mesophiles, E. coli and S. aureus. There was a reduction of contamination after the action of hot water and, after 
using quaternary ammonia and peracetic acid, there was no isolation of E. coli and S. aureus on all evaluated surfaces.
Discussion: The use of different methods of analysis for monitoring the hygiene and sanitary status of contact surfaces with 
chicken cuts allows greater flexibility in relation to hygiene control. The use of the bioluminescent ATP detection method 
allows detecting in seconds extremely low levels of contamination, allowing a quick determination of the cleaning efficiency 
on the surfaces and evaluation of the hygiene programs. Conventional microbiology methods, on the other hand, provide 
indicators of contamination by different microorganisms on food contact surfaces. Both are applicable in SSOP monitor-
ing programs and sanitary conditions of the contact surfaces in food producing establishments. The significant reduction 
of microorganisms on surfaces after cleaning, found in this study, demonstrates the importance of operational hygiene in 
the maintenance of microbial contamination below the recommended limits, and to reconcile the ATP-Bioluminescence 
methodologies and Rodac plates can bring benefits to the control of this contamination, and the use of ATP-bioluminescence  
makes possible taking immediate corrective measures after the evaluation of sanitation procedures.
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INTRODUCTION

Pathogenic microorganisms are important be-
cause they cause foodborne diseases. The mesophilic 
aerobic bacteria are part of the family Enterobacte-
riaceae, and bacteria of the genera Staphylococcus, 
Streptococcus, and others [12]. Escherichia coli is 
the main representative of the fecal coliform group, 
used as indicators of fecal contamination and deficient 
hygienic-sanitary conditions [5,9,15]. 

One of the ways of verifying the effectiveness of 
sanitation procedures is the Rodac plates method (“rep-
licate organism detection and counting”), which allows 
the replication of organisms directly in agar after contact 
with the surface [9]. Tests using ATP-Bioluminescence are 
accepted as a method of monitoring the hygienic-sanitary 
status of food production lines by quantifying ATP. This 
technique detects microbial cells and food residues, which 
may persist after inadequate cleaning and be a source of 
nutrients for microbial multiplication [1,3]. 

The objective of this study was to evaluate 
the hygienic-sanitary conditions of stainless steel 
table surfaces, polyurethane belts and polyethylene 
boards in a poultry slaughterhouse, using conven-
tional microbiology (Rodac plates and sponge) and 
ATP-bioluminescence to analyze the effectiveness of 
hot water and three active principles (peracetic acid, 
quaternary ammonia and biguanide) in the hygiene pro-
cess, quantifying aerobic mesophilic microorganisms, 
Staphylococcus aureus, Escherichia coli and ATP. 

MATERIALS AND METHODS

Sampling and collection

The study carried out in the cutting room 
of a poultry slaughterhouse in the south of Brazil, 
with slaughter capacity of more than 20.000 birds/h. 
Samples were collected at the end of the cutting 
process in the pre-operational sanitation as follows: 
before washing the surfaces without the removal of 
waste; after washing with water between 45˚C and 
50˚C and pressure of 22.5 bar; after washing with 
2% sodium hydroxide base detergent (Power Foam®, 
Johnson Diversey)1 with 10 min action, rinse with 
water between 45°C and 50°C and 22.5 bar pressure, 
and sanitize. Three active principles were tested: 
peracetic acid 0.5% (Divosan Forte®)1, quaternary 
ammonia 2% (Divosan Divoquat Forte®)1 and bigu-
anide 1% (Divosan Divosept 350®)1, with 15 min 

action. The evaluations were performed in three 
lines of chicken thigh cuts at the same time and in 
a completely randomized manner, in four replicates 
for each surface: stainless steel tables, polyurethane 
belts and polyethylene boards, totaling 36 analyzes 
per sponge and 36 Rodac plates for quantification 
of Escherichia coli, Staphylococcus aureus and 
aerobic mesophilic microorganisms, in addition to 
36 ATP-Bioluminescence assays, totaling 108 for 
each methodology/microorganism.

Samples collected using sponge

The collections were carried out with sponge 
(Laborclin® wipes)2, with 50 mL of 0.1% peptone water 
with neutralizer, rubbed onto the surfaces in an area of 
100 cm2 delimited by sterile mold [7].

Samples collected using agar in contact plates

Sample collections of surfaces made with agar 
contact plates (Rodac with neutralizing lecithin and 
Tween 80), the plates were randomly distributed and 
each exposed agar maintained for 5 s under pressure 
in contact with the evaluated surface [7]. 

Samples collectec using swabs for ATP-Bioluminescence

The collections for this method was performed 
with specific swabs for bioluminescence ATP detection 
(Swabs LuciPac W)3, rubbed diagonally at an angle of 
30° with the surface in an area of 100 cm2, delimited 
by sterile mold [4]. 

All the collected samples were transported 
under refrigeration, in isothermal containers, to the 
laboratory.

Evaluation of contamination by conventional  
microbiology with sponge

Were added 50 mL of buffered peptone water 
0.1% in sponge sachets (wipes, with neutralizers)2 and 
serial dilutions carried out [7,16].

Mesophilic aerobic microorganisms count

After dilutions 10-1, 10-2 and 10-3 were in-
oculated 0.5 mL on agar surface for counting (PCA)2. 
Reading was performed after 48 h of incubation at 
36 ± 1ºC and the results expressed in log

10
UFC.cm-2 

[7,12,16].

Staphylococcus aureus count

Aliquots of 0.1 mL dilutions 10-1, 10-2 and 
10-3 were inoculated on the surface of Baird-Parker 
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agar (Laborclin®)2. Reading was performed after 30-
48 h of incubation at 36 ± 1ºC and confirmation of  
S. aureus by biochemical tests (catalase, coagulase 
and DNAse). The results were expressed in log

10
UFC.

cm-2 [7,11].

Escherichia coli count

Aliquots of 0.5 mL dilutions 10-1, 10-2 and 10-3 

were inoculated on surface in Violet Red Bili Agar2. 
Reading was performed after 18-24 h of incubation at 
36 ± 1ºC. Typical colonies were confirmed by selective 
broths and biochemical tests for Escherichia coli (TSI, 
LIA, SIM, Citrato, VM, VP). Results were expressed 
in log

10
UFC.cm-2 [7,10,16]. 

Conventional microbiology tests with contact plates 
(Rodac)

Count of mesophilic aerobic microorganisms

It was used PCA agar methodology with 
neutralizing agent in contact plates (Rodac)2. Read-
ing was performed after 48 h of incubation at 
36 ± 1ºC and results expressed in log

10
UFC.cm-2  

[7,12,16].

Staphylococcus aureus count

It was used Baird-Parker agar with neutralizing 
agent in contact plates (Rodac - Laborclin®)2. Reading 
was performed after 30-48 h of incubation at 36 ± 1ºC 
and confirmation of S. aureus by biochemical evidence 
already cited. Results were expressed in log

10
UFC.

cm-2 [7,11].

Escherichia coli count

It was made using Violet Red Bili Agar with 
neutralizers in contact plates (Rodac)2. Reading was 
performed after 18-24 h of incubation at 36 ± 1ºC. Typi-
cal colonies were confirmed by biochemical tests for 
Escherichia coli and results expressed in log

10 
UFC.cm-2  

[7,10,16].

ATP-Bioluminescência test

The extremities of swabs (LuciPac W)3 were 
fragmented for the reagent to contact the sample and 
then to introduce into the luminometer for reading 
by light emission (Lumitester PD10N)3 with results 
expressed in log

10
 URL.cm-2.

Statistical analysis

Variance analysis was used for the randomized 
complete block and Tukey test with 5% significance 
(COHort Software)4.

RESULTS

The ATP-Bioluminescence method detected 
organic matter at all points collected, independent of the 
performance of the hygiene process (Table 1). Use of 
Rodac plates allowed better recovery of microorganisms 
than the sponge for quantification of aerobic mesophiles 
(Table 2), E. coli (Table 3) and S. aureus (Table 4). 

After the use of hot water, contamination was 
reduced and, after the use of quaternary ammonia and 
peracetic acid, there was no isolation of E. coli and  
S. aureus on all evaluated surfaces (Table 3 and Table 4). 

Table 1. Log
10

URL.cm-2 of ATP on different surfaces on poultry slaughterhouse cutting room before hygiene, after washing with hot water and after 
sanitizers. Repetitions average.

Treatment

Surfaces

Stainless Stell 

Tables

Polyethylene 

Boards

Polyurethane 

Belts

Before Cleaning 2.29 ± 0.94A a 2.01 ± 0.43AB a 1.63 ± 0.86B a

After Hot Water 1.20 ± 1.34A b 0.87 ± 0.76A b 0.93 ± 0.72A bc

Peracetic Acid 0.50 ± 0.71AB bcd 0.32 ± 0.71B bc 1.42 ± 0.50A ab

Quaternary Ammonia -0.12 ± 0.48A d 0.33 ± 0.52A bc 0.52 ± 0.45A bc

Biguanide 1.10 ± 0.22A bc -0.57 ± 0.59B c 0.21 ± 1.03AB c

Means followed by the same letters, lowercase in rows and uppercase in columns, do not differ amongst themselves (P ≤ 0.05) by Tukey’s test. 
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Table 2. Use Rodac plates and sponge to evaluate count aerobic mesophilic microorganisms from different surfaces on poultry slaughterhouse cutting 
room before hygiene, after washing with hot water and after sanitizers. Repetitions average.

Treatment

Surfaces

Stainless Stell 
Tables  

(log
10

.UFC.cm-2)

Polyethylene 
Boards  

(log
10

.UFC.cm-2)

Polyurethane 
Belts  

(log
10

.UFC.cm-2)

Rodac Sponge Rodac Sponge Rodac Sponge

Before 
cleaning

2 ± 0AB a -0.46 ± 4.20CD a 2 ± 0AB a 2.59 ± 1.85A a 1.23 ± 1.04ABC a -1.45 ± 1.67D a

After Hot 
Water

-0.48 ± 1.82BC bc -1.53 ± 1.15C a 2 ± 0A a -0.51 ± 3.07BC b 1.05 ± 1.83AB a -1.69 ± 0C a

Peracetic 
Acid

-1.84 ± 0.60A c -1.19 ± 2A a -2 ± 0A b -1.69 ± 0A b -0.12 ± 1.55A a -1.69 ± 0A a

Quaternary 
Ammonia

-0.58 ± 2.22A bc -1.69 ± 0A a -2 ± 0A b -0.80 ± 3.56A b -0.48 ± 1.55A a -1.19 ± 2A a

Biguanide   -0.20 ± 2.06A bc -0.62 ± 2.49A a -0.26 ± 1.08A b -1.69 ± 0A b 0.45 ± 2.12A a  -0.46 ± 2.86A a

Means followed by the same letters, lowercase in rows and uppercase in columns, do not differ amongst themselves (P ≤ 0.05) by Tukey’s test. 

Table 3. Use Rodac plates and sponge for evaluation of Escherichia coli count different surfaces on poultry slaughterhouse cutting room before hygiene, 
after washing with hot water and after sanitizers. Repetitions average.

Treatment

Surfaces

Stainless Stell 
Tables  

(log
10

.UFC.cm-2)

Polyethylene 
Boards  

(log
10

.UFC.cm-2)

Polyurethane 
Belts  

(log
10

.UFC.cm-2)

Rodac Sponge Rodac Sponge Rodac Sponge

Before 
Cleaning

-0.33 ± 4.11A a -1.69 ± 0B a -2 ± 0B a -1.69 ± 0B a –2 ± 0B a -1.69 ± 0B a

After Hot 
Water

–2 ± 0A b -1.69 ± 0A a -1.66 ± 2.30A a -1.69 ± 0A a -1.89 ± 0.69A a -1.69 ± 0A a

Peracetic 
Acid

–2 ± 0A b -1.69 ± 0A a –2 ± 0A a -1.69 ± 0A a –2 ± 0A a -1.69 ± 0A a

Quaternary 
Ammonia

–2 ± 0A b -1.69 ± 0A a –2 ± 0A a -1.69 ± 0A a –2 ± 0A a -1.69 ± 0A a

Biguanide –2 ± 0A b -1.69 ± 0A a -1.69 ± 1.20A a -1.69 ± 0A a -1.77 ± 0.90A a -1.69 ± 0A a

Means followed by the same letters, lowercase in rows and uppercase in columns, do not differ amongst themselves (P ≤ 0.05) by Tukey’s test.

Table 4. Use of Rodac plates and sponge for evaluation of Staphylococcus aureus count in log
10

.UFC.cm-2 prior to sanitization, after 
washing with hot water and after the sanitizers. Repetitions average.

Treatment
Methodologies

Rodac Sponge

Before Cleaning -0.99 ± 2.93A a -1.00 ± 0A a

After Hot Water -1.89 ± 0.85B b -1.00 ± 0A a

Peracetic Acid -2.00 ± 0B b -1.00 ± 0A a

Quaternary Ammonia -2.00 ± 0B b -1.00 ± 0A a

Biguanide -2.00 ± 0B b -1.00 ± 0A a

Means followed by the same letters, lowercase in rows and uppercase in columns, do not differ amongst themselves (P ≤ 0.05) by Tukey’s test.
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DISCUSSION

At stainless steel tables, before cleaning, a statisti-
cal difference was obtained in average ATP, demonstrating 
that both hot water and sanitizers reduced organic load on 
this surface. Water action between 45 and 50ºC in polyeth-
ylene plates to reduce ATP was similar to peracetic acid 
and to quaternary ammonia, with significant difference 
only for biguanide, which determined a greater reduction 
of ATP in these surfaces (Table 1). 

For ATP analysis, there is a recommendation that, 
after hygiene, the maximum value is 1 log

10
 URL.cm-2  

[17] and the action of hot water on operational hygiene 
was sufficient to reach these levels in belts and polyeth-
ylene plates. However, only after using of quaternary 
ammonia it was possible to verify results below 1 log

10 

URL.cm-2 on all tested surfaces. The recommendations 
of the manufacturer of the equipment used have as ref-
erence for reading ATP-Bioluminescence on surfaces 
the following measures: less than 50 URL (1.7 log

10
) 

considered clean; from 50 to 200 URL (1.70-2.30 log
10

) 
contamination, probably without bacterial multiplica-
tion; from 200 to 500 URL (2.30-2.70 log

10
) slightly 

contaminated surface, with contamination susceptible 
to bacterial multiplication in days; above 500 URL (> 
2.70 log

10
) dirty and contaminated surface [1]. How-

ever, by the ATP-bioluminescence method, extremely 
low levels of contamination can be detected in seconds, 
allowing a quick determination of cleaning efficiency 
on surfaces and evaluation of the hygiene programs. 

The cleaning and sanitizing process used in 
the cutting room evaluated in this work was effective, 
since the contamination related to aerobic mesophilic 
microorganisms was less than 1 log

10
 UFC.cm-2 after 

using sanitizers in all evaluated points. These results 
are in accordance with Decision 471 of  European 
Community [2], which recommends mesophilic levels 
between 0 to 10 UFC.cm-2 after SSOP, that is, up to 
1 log

10
 UFC.cm-2. This regulation describes contact 

plates, swabs and/or ISO methods for collecting meat 
processing surfaces after cleaning and disinfection. It 
should be noted that, after using of hot water, there 
was lower contamination than that recommended by 
this standard, prior to sanitization, in points such as 
stainless steel table. 

There was isolation of E. coli on Rodac plates 
before cleaning on stainless steel table and, after using 
hot water and sanitizers, there was no recovery of this 
microorganism, demonstrating the action of these pro-

cesses. However, it was not possible to recover E. coli 
before cleaning polyethylene and polyurethane surfaces, 
probably due to contamination on Rodac plates from 
these locations, hampering the isolation of pure colonies 
of E. coli. After using hot water there was isolation of 
E. coli on two surfaces, as well as the use of biguanide, 
demonstrating the ineffectiveness of this active principle 
on this agent under the conditions tested. However, there 
was no recovery of E. coli after the action of peracetic 
acid and quaternary ammonia. There was also no isola-
tion of E. coli via sponges, probably due to low number 
of these bacteria on the surfaces sampled.

Variance analysis did not reveal interaction 
between surfaces and treatments and between surfaces 
and methodologies for quantification of Staphylococcus  
aureus (P < 0.05). Since there was recovery of S. aureus 
after hot water use, but not after sanitization, it is pos-
sible to infer the action of these products in reduction 
of the microorganism, detected by methodology with 
plates Rodac.

Significant reduction microorganisms on sur-
faces after cleaning, found in this study, demonstrates 
the importance of operational hygiene in maintaining 
microbial contamination below recommended limits. 
Gibson et al. [8], evaluating cleaning effect with de-
tergents and water at room temperature with different 
pressures in a food industry observed reduction in con-
tamination on surfaces of 1 log

10
. Dunsmore et al. [6], 

observed a 99.8% reduction (approximately 3 log
10

) 
after cleaning with detergents and water under pressure 
on stainless steel surfaces. In present study, surface 
contamination was reduced from 1 to 3 log

10
 after 

cleaning only with water between 45°C and 50°C and 
pressure of 22.5 bar, in the majority of the evaluated 
points, mainly of aerobic mesophilic microorganisms.

Evaluated disinfectants (quaternary ammonia, 
peracetic acid and biguanide) are commonly used in 
the sanitization of the cutting room in refrigerators in 
Brazil [1,13]. The results prove that there was no sig-
nificant difference in evaluated points, with all surfaces 
presenting contamination lower than that recommended 
by European Norm in relation to aerobic mesophiles.

CONCLUSION

The use of different methods to monitor 
hygienic-sanitary status of food contact surfaces 
makes it possible to make decisions regarding possible 
divergence in the control of hygiene. ATP-Biolumi-
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nescence presents immediate data on hygiene action, 
while conventional microbiology provides indicators 
of microbiological contamination on these surfaces. 
Conciliate these methodologies will bring benefits to 
sanitary control in poultry slaughterhouses by direct-
ing as corrective measures after hygiene evaluation.
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