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 There are risks of microbiological contamination during all processing stages of swine 

slaughtering due to the high bacterial load carried by swine received in the industry, 

which can be reduced or increased depending on the operation conditions. The 
continuous scalding system carried out in tanks is a stage that can contain a diverse and 

dangerous microorganism load, which can directly interfere on cross-contamination of 

carcass surfaces. This study aimed to evaluate the hygienic and sanitary condition of the 

scalding tank based on conducting surface swab collections on carcasses before and 

after the process of scalding and evaluation of water quality used in the tank with 

different percentages of water replacement during the slaughtering day through sample 
collection for analysis. After reviewing the results, it was found that the microbiological 

load of swine before entering the scalding tank is crucial to ensure the hygienic and 

sanitary conditions of this process stage. The renewal percentage of scalding water is 
not relevant to the microbiological conditions and the time x temperature binomial 

during scalding is critical for the effectiveness of this operation.  

 

INTRODUCTION 

 

Pork has a diverse nutritional composition, besides being rich in vitamins and proteins.  It is the source of 

several substances and minerals important for the human health, for example, potassium, iron, calcium and 

phosphorus. The pork consumption is recommended due to its low fat content, alternating with other types of 

meats.The commercialization of pork in Brazil is still lower than in the U.S. and some European countries, 

although the Brazilians are among the top five world producers. While overseas consumption reaches more than 

30 kilograms per year, this value is around 15.6 kilograms per year in Brazil.Brazil is the fourth largest producer 

and exporter of pork in the world. In 2012, the country accounted for about 3.5 million tonnes of meat, which of 

85% were sold on the domestic market and 15% were exported. The industry generated US$ 1.5 billion in 

foreign exchange and a GDP (Gross Domestic Product) superior than US$ 8 billion (Suinocultura Industrial, 

2013). 
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The country has improved the pork quality in recent years, valuing proper nutrition, reducing fat content, 

and increasing efficiency of the health monitoring system. Moreover, the states of Santa Catarina and Rio 

Grande do Sul received the worldwide free zone certificate of Classical Swine Fever from the World 

Organization for Animal Health (OIE). This status is an important differential and ensures the opening of new 

markets for pork (ABIPECS, 2015).In this sense, Brazil needs to ensure that animal origin commodities that will 

be exported present quality and safety in accordance with the industrial inspection legislation and the Brazilian 

sanitary and health standards required by the importing country, avoiding the presence of pathogens, which may 

pose barriers to the commerce of animal origin products. 

The possibility of microbiological contamination is likely to occur in every stage of meat processing. 

However some of them are particularly important of being evaluated, given that the swine carcasses have 

already entered the slaughter plant with a bacterial load, which may be reduced or increased during the 

operations (Contreras et al., 2003). The swine carcasses are exposed to microbial contamination by 

Salmonellaspp.,Enterobacteriaceae and total count of aerobic and mesophilic microorganisms since the alive 

animal to the act of consumption. According to Seixas, Tochetto and Ferraz (2009), evisceration and 

carcassmanual fat removing are the main stages involved with contamination by Salmonella spp. in swine 

carcasses. Furthermore, Bolton et al. (2003) reported that scalding can be an important stage in the 

contamination of carcasses by Salmonella spp., since a large number of swine are usually scalded in the same 

volume of tank water, which rapidly becomes contaminated with dirt, faeces, and bacteria carried by the swine 

that pass there. However, a quite relevant data regardingthe risk of contaminationvia scalding wateris that the 

risk can be minimized if the water temperature is high enough (Bolton et al., 2003). 

The presence of such microorganisms must be seriously considered in view of the carcasses invasion 

potential through the wound bleeding and skin erosions, and particularly scalding water aspiration through the 

lungs. This fact isaggravated by the lack of constant renewal of scalding water and maintaining a constant 

temperature (PARDI et al., 2001). Taking into account these aspects, the study was carried out on the swine 

slaughtering process, from the evaluation of hygienic sanitary conditions in the stage of scalding with different 

percentages of water renewal of the scalding tank and the influence in microbiological contamination of carcass 

surface. 

 

MATERIALS AND METHODS 

 

This study was carried outin a swineslaughterhouse located in the municipality of TrêsPassos, Rio Grande 

do Sul, southern Brazil. This slaughterhousehas approval to slaughter 2600 animals a day in a single work 

shift.The swine slaughter process begins with the pre-slaughter operations, containing fasting and water diet 

respecting the minimum of 6 hours preceding slaughter (BRAZIL, 2011). Moreover, the process contains 

shipping, transportation, unloading, reception with accompanying documentation necessary, separation to wait 

and ante-mortem inspection carried out by the Federal Inspection Serviceveterinarian and after its release, swine 

are destined for slaughter. 

In order to obtain and prepare the swine carcasses and viscus, basic hygiene proceduresare taken regarding 

the areas that they must be performed. The stages of stunning, bleeding, scalding and hair removalare performed 

in the dirty zone. The clean area covers the evisceration and inspection procedures, carcass dividing, fat 

removing, washing,andstamping (PARDI et al., 2001). 

Before the swine are sent to the stunning box, they arewashed through hose and shower, reducing bacterial 

contamination of the scalding water of the tank and increasing the efficiency of electric stunning. The stunning 

is performed through electric shock with three tips, high voltage, and low amperage applied to the temporal 

fossa during time long enough forstunning (BRAZIL, 1995). 

The swineare manually bled by the section of the large vessels of the neck. Moreover, the time between 

stunning and bleeding must not exceed thirty seconds (BRAZIL, 2000). The time for blood flowing must be at 

least three minutes (BRAZIL, 1997). The swineis hung (manipulated) by one of its legs, which is driven by 

aerial transporter and taken to the post-bleeding shower with two polishers and water under pressure to remove 

blood and dirt from the swine. 

Generally, the process of scalding is metallic, with constant water renewal and water temperature between 

62 to 72ºC. Furthermore, with a scalding time of two to five minutes, with a minimum tank length of five meters 

for slaughtering up to 100 pigs per hour, increasing one meter for every extra 20 pigs in hourly slaughter speed 

with a depth of 1.5 meters and one meter water level. (BRAZIL, 1995). 

The depilation process consists of the removal of animal bristles and itmust necessarily be mechanized 

working according to the hourly capacity of slaughter. The exit of the scraping machine is made on stainless 

steel plate table or other material approved by DIPOA. After depilation, removal ofnails, manual scraping of 

remaining bristles, fast charring of the carcass with the burner, and again another manual scraping of remaining 

bristles takes place. These proceduresare followed by evisceration, postmortem inspection, saw of half-
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carcasses, fat removal, washing with water with minimal pressure of 3atm, and cooling for commercialization 

(BRAZIL, 1995). 

In order to carry out this research,four trailswere established on random days and the collection of samples 

were fractionated at predetermined periods. The trials were performed with four different percentages of 

scalding tank water replacement in the course of one slaughtering work shift. The percentage of water renewal 

was measured by hydrometer to ensure the amount of renewed cubic meters of waterto complete each trial. Trial 

1 was carried out with 50% of water renewal, trial 2 with 100%, trial 3 with 70%, and trial 4 with 30% of water 

renewal. 

Evaluations of microbiological conditions were performed in the scalding tank through the sample 

collection of water and swab on the carcasses surface. The samples were determined based on the number of 

pigs that passed through the tank during the slaughtering work shift. It was divided into five moments: after five 

swine, after 500 swine, after 1,000 swine, after 1,500 swine, and at the end after 2,000 swine have passed 

through the scalding process. The swinewere identified and submitted for sampling in two points, fiveswine 

before and five swine after passing through the scalding tank. Also, water samples were taken in the tank exit at 

the same intervals of the carcass sampling. 

The collection of samples was performed using the technique of abrasive sponge, previously sterilized and 

dipped in a laminar flow chamber with peptone water buffered at 1% sterile. Smears were applied in four 

anatomical regions: haunch, shoulder, loin, belly, with a total sampling area of approximately 400 cm2 in each 

carcass. The collected area was delimited using a stainless steel mold and disinfected with alcohol 70 ° GL at 

each collection point. The guidelines of BRAZIL (2007) described in Circular number 130were followed in 

order to perform the smears. Therefore, five water samples of the scalding tank and 50 swabs of carcasseswere 

collectedfor each trial, being 25 before the entry into the tank and 25 in the exit of the scalding tank. 

Samples were sent for analysis in the SlaughterhouseMicrobiology Laboratory, where qualitative trialswere 

performed for Salmonella spp. detection. Quantitative trials for Enterobacteriaceae total count of aerobic and 

mesophilic microorganisms for surface carcass sampleswere also carried out. The research performed in the 

water samples were for total count of aerobic and mesophilic microorganisms and Salmonella spp.The 

methodology used to perform the analytical trials followed as advocating the Normative Instruction No. 62 –

Official Analytical Methods for Microbiological Analysis for Animal and Water Origin Products Control 

(BRAZIL, 2003). 

 

RESULTS AND DISCUSSION 

 

In order to evaluate the microbiological analysis results of carcasses surface swabs, the Circular n ° 130 of 

13 February, 2007 parameters were used (BRAZIL, 2007). However, these standards are required for carcasses 

at the end of the slaughter process before the cooling stage. 

Tables 1 and 2 show the results of analyzes of the four carcass swab trials. Table 1 shows results of the total 

count of aerobicand mesophilic microorganisms. Table 2 shows the results of enterobacteria. The results are 

expressed in CFU/cm², calculated by averaging the five carcasses evaluated before and after the passage through 

the scalding process.  

 
Table 1: Results of microbiological analyzes of total count of aerobic and mesophilic microorganisms from carcass swabs collected before 

and after the passage through the scalding tank. 

N. 
ofscaldingpigs 

Test 1 Test 2 Test 3 Test 4 

Before After Before After Before After Before After 

5 4,90E+05 2,20E+02 4,20E+04 1,90E+03 1,80E+05 1,00E+03 3,10E+04 5,4E+0,2 
500 4,00E+05 7,60E+02 1,20E+05 1,50E+03 9,00E+04 1,90E+03 2,30E+04 1,20E+03 

1000 3,00E+04 1,70E+03 4,10E+04 5,20E+02 2,80E+04 4,40E+02 8,00E+04 2,60E+02 

1500 7,90E+04 2,40E+03 2,90E+04 9,70E+02 8,50E+03 1,00E+03 2,90E+04 2,90E+01 
2000 9,60E+03 4,50E+02 3,20E+04 4,60E+02 1,80E+04 1,10E+02 4,80E+03 2,00E+02 

 

Table 2: Results of microbiological analyzes of Enterobacteriaceaefrom the carcass swab collected before and after the passage through the 

scalding tank. 

N. 
ofscaldingpigs 

Test 1 Test 2 Test 3 Test 4 

Before After Before After Before After Before After 

5 1,6E+04 0,0E+0,0 4,4E+02 0,0E+0,0 2,2E+0,3 0,0E+0,0 2,5E+03 1,4E01 

500 9,7E+02 0,0E+0,0 1,1E+03 0,0E+0,0 2,6E+03 0,0E+0,0 1,2E+03 0,0E+0,0 
1000 2,1E+02 0,0E+0,0 2,5E+02 0,0E+0,0 3,1E+03 0,0E+0,0 2,7E+03 1,0E+01 

1500 2,1E+03 0,0E+0,0 2,9E+02 0,0E+0,0 8,5E+01 4,0E+0,0 1,6E+03 1,0E+01 

2000 2,4E+02 0,0E+0,0 1,1E+02 0,0E+0,0 1,6E+02 0,0E+0,0 3,5E+02 0,0E+0,0 

 

It is possible to observe in the four trials that the microbiological load of swine before entering the scalding 

tank is crucial to ensure the hygienic and sanitary conditions of this stage of the process and must be ensured 

from the beginning until the end of the slaughtering process. 
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The results after the exit of the scalding tank are shown in Tables 1 and 2, pointing a significant reduction 

in microbial load in the four trials with reduction of 2 log, for each of the microorganisms analyzed. Thus, it can 

be observed that the percentage of scalding water renewal in the tank does not change the microbiological 

conditions of the carcass and that the increase in water renewal only is incorporatedin organic matter. 

Complete frequency of Salmonellaspp. isolation equals to 27 samples was obtained from the 200 samples 

collected during the process. Stratifying the detected presences, it was found the presence of 17 positive results 

in the trial 1, three in trial 2, two presences in the trial 3, and five positiveSalmonellas in the trial 4. The highest 

number of appearances in the four trials were at the sampling time of the first five swine. Moreover, all positive 

results were detected only before passing through the scalding tank. Thus 100% of the detected Salmonella were 

eliminated in the scalding stage as shown in table 3. 

 
Table 3: Results of microbiological analysis of Salmonella spp. from the carcass swab collected before and after the passage through the 

scalding tank. 

N. 
ofscaldingpigs 

Test 1 Test 2 Test 3 Test 4 

Before After Before After Before After Before After 

5 5 0 3 0 1 0 1 0 

500 2 0 0 0 0 0 2 0 

1000 5 0 0 0 0 0 1 0 

1500 3 0 0 0 0 0 1 0 

2000 2 0 0 0 1 0 0 0 

 

The water temperature utilized in the scalding tank of the slaughterhouse where the study was performed is 

maintained between 58°C and 62°C. Higher temperatures are not utilized due to the occurrence of changes in 

the skin of animals, such as burns and presence of skin lacerations in the depilation stage. These conditions 

prejudice the process and favor the incidence of meat contamination. An important factor that limits the 

temperature increase is the scalding tank size, which has length above the indicated for the number of animals 

slaughtered per hour, resulting in a greater animalremaining time in the tank. During the trial development, the 

time x temperature binomialremained around 61°C during a period of 7.5 minutes. 

The quantitative analysis results of the total count of aerobic and mesophilic microorganisms of the water 

are stated in Table 4. The results were expressed as CFU/mL. 

 
Table 4: Results of quantitative analysisof the total count of aerobic and mesophilic microorganisms of the water, expressed as CFU/mL. 

N. 
ofscaldingpigs 

Test 1 Test 2 Test 3 Test 4 

Before Before Before Before 

5 1,0E+02 4,0E+01 0,0E+00 3,0E+01 

500 9,0E+02 1,0E+01 4,0E+01 1,1E+02 

1000 1,0E+02 0,0E+00 1,0E+01 3,0E+01 
1500 8,0E+02 0,0E+00 3,0E+01 5,6E+01 

2000 3,0E+02 0,0E+00 6,0E+01 7,0E+01 

 

As the legal basis,the same requirements determined for the analysis of carcass surface swabs for 

comparison of results were used and the required standards for potable water of the Ordinance No. 2914 

(BRAZIL, 2011) of the Ministry of Health and the Article 62, Chapter I of RIISPOA (BRAZIL, 1997), since 

there is no microbiological limits for scalding water and percentages renewal of scalding water. 

In water samples evaluated in all four trials, it was not observed results for total count of aerobic and 

mesophilic microorganisms non-standard, and no significant increase indicating greater water contamination 

occurred by the passage of animals during slaughter shift. Trial 2 showed the best results of the hygienic 

conditions of the water but the carcass contamination reduction percentage was not affected, resulting only in 

increased m³ volume of water consumed and wastewater generated.For Salmonellaspp. research, it was detected 

no presence in the 20 samples collected. 

 

Conclusion: 

Under the conditions of this study, it can be concluded that the microbiological load carried by the animals, 

before entering the scalding tank is critical for the maintenance of hygienic and sanitary conditions of the 

process. Therefore, the best preventive action to ensure the microbiological condition of the raw material of the 

slaughterhouse is the cleaning efficiency of swine in piggery with antimicrobial help of excessive amounts of 

chlorine water (5ppm) from the pre-slaughter shower. Besides, followed by the proper functioning of the wash 

shower before the scalding tank, which aids in cleaning, also removing the blood from the bleeding. 

The amount of renewed scalding water of the tank is a determining factor for ensuring the microbiological 

conditions of the surface of carcasses and can be worked with a smaller percentage of replacement. Even if we 

take into account environmental issues, that water is a nonrenewable resource, fundamental forindustrial process 

occurrence, the lower the amount of cubic meters used, less waste is generated. 
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Although the temperature of the scalding water was kept lower than that determination of the Ordinance 

No. 711 (BRAZIL, 1995) with a longer animals staying in the tank (due to the thank length). The method 

proved to be efficient, reducing the microbiota of the 2log surface carcasses, after passage through the 

equipment. Under these conditions, it was also evidenced the elimination of Salmonellaspp. 

Therefore, it was proved through the study as a whole that the evaluatedscalding stage showed quite 

satisfactory results, even being considered as dirty area in the process of swine slaughteringstage, where further 

contamination is expected. The results meet thelegislation requirements for trials made in clean process area. 
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