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ABSTRACT

This study aimed to evaluate visual contamination rates of carcasses 
of broilers slaughtered in establishments supervised by the Federal 
Inspection Service (SIF) and efficiency of carcass washing in replacement 
of trimming. The work was divided into three parts: analysis of partial 
and total carcass condemnation by contamination in hot (October 
to March) and cold (April to September) periods; evaluation of 
microbiological contamination before and after washing 800 carcasses 
(400 that did not go through washing x 400 that went through 
washing); and carcass washing test. For the test, twenty carcasses 
were evaluated in five treatments: carcasses without contamination 
– before washing; carcasses without contamination - after washing; 
contaminated carcasses – before washing and before trimming; 
contaminated carcasses – after washing; contaminated carcasses – 
after trimming. Hot and cold periods obtained a similar number and 
weight of slaughtered chickens. There were no differences regarding 
condemnation by contamination. Periods of the year did not influence 
the average weight of the birds slaughtered in the state of Mato Grosso 
do Sul. Carcass washing in the slaughter line was effective in reducing 
total bacterial contamination, E. coli, and enterobacteria. There is 
a similarity in the reduction of condemnations by contamination, 
evidencing that the uniformity of production systems. Although it is 
not yet a reality in Brazilian slaughterhouses, the washing procedure 
can be considered a safe replacement for trimming.

INTRODUCTION

The modern broiler slaughtering process is a complex, fast, and 
highly automated process of removing bacteria-free meat from two 
contaminated surfaces: feathers and the gastrointestinal tract. It must 
prevent contamination of carcasses, which represents a great challenge 
(Milios et al., 2014a; Jacxsens et al., 2015; Zweifel et al., 2015; Evers 
et al., 2017). 

In order to minimize contamination and its possible effects, self-
control plans are prepared, monitored daily by companies, and verified 
by the Brazilian Federal Inspection Service (SIF). These plans include the 
Operational Health Procedures (OHP), the Standard Operating Hygiene 
Procedure (SOHP), and the Hazard Analysis and Critical Control Points 
(HACCP) (Brazil, 1998; Brazil, 2006). 

Pathogenic microorganisms may enter the slaughterhouse plant 
along with the birds. Some processing steps, such as scalding, may 
reduce bacterial load. Other stages, such as plucking and evisceration, 
may cause carcass contamination (Giombelli et al., 2015). 

The most traditional form used to promote visible decontamination 
of small areas is cutting. This process, known as trimming in the meat 
processing industry, is common in Brazil (Brizio et al., 2015) and in 
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countries such as Australia (Brashears and Chaves, 
2017). It aims to reduce the load of bacteria in visibly 
contaminated sites, but cannot be used on whole 
carcasses (Brashears & Chaves, 2017). 

Although efficient in removing visible contamination, 
trimming requires extra handling of carcasses, increasing 
the possibility of cross-contamination (Giombelli et al., 
2015) and of causing financial losses due to extra labor 
and condemnation of carcasses and other parts (Chen 
et al., 2014; Lehner et al., 2014; Stefani et al., 2014; 
Pawar et al., 2016; Sohaib et al., 2016). 

An alternative form of decontamination is carcass 
washing (Lehner et al., 2014; Milios et al., 2014b; 
Giombelli et al., 2015; Brashears & Chaves, 2017). It is 
considered controversial by some Federal Agricultural 
Auditors responsible for the Federal Inspection Service 
(SIF), who are still reluctant to approve it (Stefani et al., 
2014). 

Nevertheless, this system has been gaining ground 
and is routinely used in processing plants. It has been 
shown to be effective in removing visible physical 
contaminants such as soil, feathers, gastrointestinal 
contamination, and other waste, as well as improving 
the microbiological quality of carcasses (Lehner et al., 
2014; Giombelli et al., 2015). 

The washing system differs from the carcass shower 
before the pre-cooling system, as recommended by 
the Ordinance no. 210/98 (Brazil, 1998), because it 
is used for the removal of apparent contamination of 
carcasses. It is performed at a different location in the 
plant and uses pressurized water jets. The United States 
(USA) allows the use of chemical decontaminants to be 
added to the wash water. It is a standard procedure 
(Chen et al., 2014; Belluco et al., 2016; Sohaib et al., 
2016; Brashears & Chaves, 2017). In contrast, Brazilian 
law allows the use of a maximum of five ppm of 
chlorine in industrial water (Brasil, 1998). 

The objectives of this work are to: 1) evaluate the 
visual contamination rates of carcasses and carcass 
parts slaughtered in establishments supervised by 
the Federal Inspection Service (SIF), 2) determine the 
microbiological contamination of carcasses before 
and after carcass washing under pressurized water, 
and 3) compare the efficiency of broiler carcass 
decontamination methods. 

MATERIAL AND METHODS
Slaughterhouses and slaughter process

The trial was conducted in commercial slaugh-
terhouses supervised by the Federal Inspection 

Service (SIF) located in the state of Mato Grosso 
do Sul. The slaughtering process was performed 
following the commercial slaughtering flow chart: 
reception of birds, rest, hanging, stunning, bleeding, 
scalding, and plucking in dirty and intermediate 
areas. Post-plucking washing separates the dirty 
area from the clean area. The clean area comprises 
pre-inspection, foot trimming, re-hanging, cloaca 
extraction, abdominal cutting, eventration, 
postmortem inspection, gutting, lung and trachea 
removal, head/neck removal, carcass review, final 
washing, pre-cooling of carcasses, and primary 
packaging and secondary packaging. 

In the slaughterhouses evaluated during the 
slaughter process, only one has not yet adhered to the 
carcass washing system. However, all still use trimming 
as a form of decontamination.

Partial and total carcass condemnation by 
contamination

At this first stage, the reports of monthly slaughter 
data and partial and total carcass condemnations of 
the five establishments supervised by the Federal 
Inspection Service that slaughter birds in the state of 
Mato Grosso do Sul (A, B, C, D, and E) were analyzed 
between August 2016 and August 2017, according to 
data from the Federal Inspection Service Management 
Information System (SIGSIF). Data from condemnations 
by contamination were analyzed by calculating the 
proportion (%) between total birds slaughtered in 
cold (April to September) and hot (October to March) 
periods. Each month of the period is a replication. Thus, 
monthly averages were generated per period (cold or 
hot) for condemnations by partial contamination and 
condemnation by total contamination.

Microbiological contamination before and 
after carcass washing

After prior authorization by the Animal Products 
Inspection Service of the Federal Superintendence 
of Agriculture of the State of Mato Grosso do Sul 
(SIPOA/SFA/MS), with the objective of analyzing the 
microbial population before and after carcass washing 
with pressurized drinking water, slaughterhouse A 
installed a wash cabin with eight spray nozzles after 
the eviscerator machine: four chest-directed and four 
back-directed nozzles with pressurized water (5.0 kgf/
cm2) and a minimum water volume of 150 ml/carcass 
directed to the outer surface of the carcasses. 

At this establishment, after the evisceration stage, 
the viscera were transferred to a noria separate from 
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the carcasses, allowing water to spray only on the outer 
surface of the carcasses. Drinking water standards 
were in accordance with national and European Union 
legislation. The sample collection was performed 
according to the routine of the establishment and the 
Official Service (Brasil, 1998). 

To compare the microbiological contamination 
of carcasses before the washing with those after 
the cabin, 800 carcasses were randomly collected 
in October 2016, 400 carcasses before and 400 
carcasses after the washing cabin. The carcasses were 
subjected to microbiological analysis for detection 
and quantification of the following microorganisms: 
enterobacteria populations (Log CFU/g) (AFNOR, 
1997), total bacterial count (Log CFU/g), and E. coli 
(Log CFU/g) (AOAC, 1991).

To carry out the test, the company set a limit of 
up to 12% of carcasses arriving with gastrointestinal 
contamination visually detected before the installed 
washing cabin, considering that washing could not 
compensate for equipment failures at the evisceration 
stage (cloaca extraction and abdominal section).

Decontamination method efficiency – experi-
mental assay 

In order to study the effects of the carcass washing 
or trimming decontamination methods, carcasses 
of broilers were collected in slaughterhouse A. Its 
slaughtering capacity is up to 160,000 birds per day. 
The average processing speed of the slaughter line is 
up to 10,200 birds/h, and the evisceration system is 
automated. Samples were randomly collected from 25 
lots belonging to 16 producers with a slight degree 
of external contamination by feed and/or visible 
excreta and without visible contamination, classified 
according to the five treatments with twenty samples 
by treatment:

• Carcasses without contamination – before 
washing;

• Carcasses without contamination – after washing;
• Contaminated carcasses – before washing and 

before trimming;
• Contaminated carcasses – after washing;
• Contaminated carcasses – after trimming.

During the slaughtering process, for monitoring the 
carcass washing efficiency, slaughterhouse A evaluates 
the washing pressure before the critical control point 
(CCP) every six hours, and the water flow is checked 
every 12 hours. The measurement of the number 
of contaminated carcasses reaching the washing is 

a sanitary operating procedure (SOP) and must be a 
maximum of 12%. Other parameters are monitored, 
such as the direction of the water jets, the integrity of 
the spray nozzles and water pressure, which must be 
at least 2 kg/cm2 and its flow should be higher or equal 
to 300 ml/carcass.

The carcasses were individually collected and 
packed in sterile polyethylene bags, identified and sent 
refrigerated in polypropylene boxes to the Company A 
self-control laboratory. 

The total mesophyll count (CFU/g/ml) was 
performed by the AOAC 990.12 201 (Petrifilm Aerobic 
Count Plate and Petrifilm Aerobic Count Plate Rapid) 
depth technique (AOAC, 1990). For the count of E. 
coli (CFU/g/ml), the depth counting technique AOAC 
990.12 201 (Petrifilm) (AOAC, 1990) was used, 
following the 3M interpretation source guide (AOAC, 
2015).

The analysis of Salmonella spp. was conducted by 
qualitative determination and the presence or absence 
technique, according to the ISO 6579-2002 (ISO, 
2002). 

Statistical analyses

The evaluation of the results of partial and 
total carcass condemnations by contamination, 
microbiological contamination before and after carcass 
washing, and experimental carcass washing and 
trimming assay were obtained using SAS (Statistical 
Analysis System, version 9.3). The normality of residues 
and the homogeneity of variances were verified by the 
PROC UNIVARIATE package (SAS, 2012).

After the normality test, the results were analyzed 
by PROC MIXED, adopting a significance level of 5%, 
according to the following models:

For the analysis of the first experiment: 

Yi = µ + Ej+ ei

For analysis of the second experiment: 

Yi = µ + Sli + ei

For analysis of the third experiment: 

Yi = µ + Li + ei

Where: Yi = dependent variable, µ = general mean, 
Ej = random season effect (j = 1 to 4); Sli = washing 
system effect (i = 1 to 2); Li = carcass washing effect 
(i = 1 to 5). The degrees of freedom were corrected 
by DDFM = kr. The data obtained were submitted to 
analysis of variance using the PROC MIXED command 
of SAS (SAS, 2012), adopting a significance level of 
5%.
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RESULTS AND DISCUSSION
Analysis of data behaviour of partial and 

total carcass condemnation by contamination

There were no effects on the total number of birds 
slaughtered and their average weight (p>0.05) in the 
cold and hot periods in 2016 (Table 1). The average 
weight of birds slaughtered was 2.35 kg/bird, with an 
average weight of 2.38 and 2.32 kg/bird slaughtered 
in the cold and hot periods of the year, respectively 
(Table 1).

Table 1 – Total birds slaughtered and their average weight 
per slaughterhouse and periods of the year (cold versus 
hot).

Slaughterhouse
Total birds slaughtered Average weight (kg)

Hot* Cold* Hot Cold

A 20,532,017 19,657,113 2.77 2.88

B 17,844,539 18,967,515 2.42 2.46

C 13,499,729 15,275,437 1.10 1.08

D 26,044,715 26,800,952 2.73 2.83

E 5,993,356 5,530,075 2.56 2.64

MSE1 0.950 0.381

P² 0.671 0.541

*Hot: October to March; Cold: April to September; MSE1 mean standard error; ²Signi-
ficance of p<0.05.

In addition, according to this evaluation, slaugh-
terhouse D showed a greater regularity of the number 
of birds slaughtered, without presenting sharp 
reductions in slaughter between seasons. The average 
weight of broilers slaughtered in slaughterhouse C 
(1.60 kg/bird) is because their activity is related to 
the production of griller chickens for Middle Eastern 
countries. Slaughterhouses A, B, C, and E focus their 
production on the production of frozen chicken cuts in 
natura, and the average weight of chicken correlated 
directly with the weight of the cuts, which meets the 
demand of buyers. 

The difference observed between the number of 
birds slaughtered and their average weight follows the 
behavior of the consumer market and the contracts of 
each industry. The choice of the location of processing 
agro-industries is considered a strategic action of major 
importance for the development of the production chain. 
Companies are installed in major producing regions of 
soybean and corn crops (Rodrigues et al., 2015).

Regarding partial and total condemnations by 
contamination (Table 2), no effects (p>0.05) were 
observed for the evaluated periods of the year (hot and 
cold), reflecting the homogeneity and standardization 
of the broiler meat production process (Silva et al., 
2014). Climate factors were sufficiently controlled 
during poultry breeding, allowing the average 

slaughter weight to meet the performance standard of 
the equipment used at the evisceration stage (Flanders 
& Gillespie, 2016).

Table 2 – Means of partial (%) and total (%) condemnation 
by contamination of slaughtered chicken carcasses in the 
five slaughterhouses evaluated by period of the year (hot 
versus cold) from August 2016 to August 2017.

Slaughterhouse
Partial contamination (%) Total contamination (%)

Hot Cold Hot Cold

A 0.36 0.41 6.15 5.87

B 0.04 0.01 0.44 0.38

C 0.17 0.13 5.14 1.88

D 0.25 0.42 2.49 1.46

E 0.04 0.05 1.16 1.54

MSE1 0.020 0.450

P² 0.464 0.358

MSE1 mean standard error; ²Significance of p<0.05.

Evaluation of reduction of microbiological 
contamination before and after carcass 
washing

Carcass washing as a reducing factor of 
microbiological contamination (Table 3) was effective 
(p<0.0001), causing a reduction of the total bacterial 
count (Log10 CFU/g) of E. coli (Log10 CFU/g) and 
enterobacteria (Log10 CFU/g) (Table 3) by 24.52%, 
30.26%, and 28.71%, respectively.

Table 3 – Microbiological contamination before and after 
carcass washing.

Count (Log10 CFU/g)
Washing

MSE¹ P²
Before After

Total bacteria 4.84 3.57 0.04 <0.0001

Enterobacteria 4.01 2.77 0.04 <0.0001

Escherichia coli 3.35 2.25 0.03 <0.0001

MSE1 mean standard error; ²Significance of p<0.05.

The meta-analysis study by Belluco et al. (2016) also 
demonstrated a reduction of microbial load of E. coli 
and enterobacteria after carcass washing. Isolan et al., 
(2019) also observed a reduction of microbial load of 
Salmonella after carcass washing. However, Giombelli 
et al. (2015) did not observe a reduction of E.coli after 
carcass decontamination in five different refrigeration 
plants. Possibly, such divergence is due to the microbial 
load present in the carcass, even with only one visible 
contamination point.

Decontamination method efficiency – 
experimental assay

The results showed no differences between 
decontamination methods (p>0.05) regarding mesophyll 
count (Log10) and E. coli (Log10) count for carcasses with 
small areas of apparent contamination before and after 
carcass washing and trimming (Table 4).
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As the presence of Salmonella spp. was not 
detected in the evaluated carcasses, it was not possible 
to evaluate the microbial load of the carcasses for this 
parameter, relating it to the systems evaluated. 

Possibly, the microbiological load in the points 
identified in the carcasses was low. Its removal or not 
did not change the total carcass contamination. Thus, 
it was not possible to observe significant differences 
before and after decontamination by carcass trimming or 
washing. Several authors have claimed that these agents 
are reduced after decontamination practices (Milios et 
al., 2014a; Stefani et al., 2014; Giombelli et al., 2015; 
Belluco et al., 2016; Seliwiorstow et al., 2016; Brashears & 
Chaves, 2017), highlighting its importance to commercial 
slaughtering procedures. Other factors may be correlated 
to these results, such as microbiological residence time 
and the pressure and volume of water used in the cabins 
evaluated by the researchers.

Although the legislation allows using carcass 
washing as an aid in reducing visible contamination 
(Brazil, 2011), the details of water pressure, volume, 
and system location (especially if before or after SIF 
inspection lines), among other details, are unregulated, 
which makes standardization of results difficult.

An important aspect to be considered is that, 
although there is a carcass washing system in the 
evaluated slaughterhouses, it is installed after the 
SIF inspection lines and the carcasses have previously 
undergone decontamination by trimming. In daily 
practice, there is an overlap of decontamination 
methods (carcass washing and trimming) after the 
carcass review step, which may be beneficial for the 
sanitary quality of the final products. There is concern 
about the possibility of contamination diffusion and 
its expansion to larger carcass areas after washing 
(Belluco et al., 2016). This possibility was not found 
in the present study since there were no differences 
(p>0.05) between treatments, including for carcasses 
without contamination. 

CONCLUSION

The hot and cold periods of the year did not influence 
the average weight of birds slaughtered in the state of 

Mato Grosso do Sul between August 2016 and August 
2017, evidencing that the breeding systems minimized 
the climatic effects. Moreover, in both periods, there 
is a similarity in the reduction of condemnations by 
contamination, evidencing that the uniformity of 
production systems and the inspection by the Federal 
Inspection Service are efficient. Carcass washing in the 
slaughter line was effective in reducing total bacterial 
contamination, E. coli, and enterobacteria. Its use is 
possible in replacement for trimming.
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