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ABSTRACT

Salmonella is one of the foodborne pathogens most commonly associated with poultry products. The aim of this work was to

identify and analyze key sampling points creating risk of Salmonella contamination in a chicken processing plant in Costa Rica

and perform a salmonellosis risk analysis. Accordingly, the following examinations were performed: (i) qualitative testing

(presence or absence of Salmonella), (ii) quantitative testing (Salmonella CFU counts), and (iii) salmonellosis risk analysis,

assuming consumption of contaminated meat from the processing plant selected. Salmonella was isolated in 26% of the carcasses

selected, indicating 60% positive in the flocks sampled. The highest Salmonella counts were observed after bleeding (6.1 log

CFU per carcass), followed by a gradual decrease during the subsequent control steps. An increase in the percentage of

contamination (10 to 40%) was observed during evisceration and spray washing (after evisceration), with Salmonella counts

increasing from 3.9 to 5.1 log CFU per carcass. According to the prevalence of Salmonella-contaminated carcasses released to

trade (20%), we estimated a risk of 272 cases of salmonellosis per year as a result of the consumption of contaminated chicken.

Our study suggests that the processes of evisceration and spray washing represent a risk of Salmonella cross-contamination and/

or recontamination in broilers during slaughter line processing.

Salmonella is a zoonotic pathogen distributed world-

wide and with significant impacts on the economy and

human health; however, few surveillance programs exist

due to cost and the current production methods (4, 11, 13,
15). In terms of global productivity, the poultry industry has

achieved high standards; however, stronger efforts must be

made in order to develop better quality and safety control

programs in high-consumption products (7, 13). The single

evaluation of the final product is becoming insufficient to

fulfill the requests of today’s buyers, regulators, and

customers, who are demanding efficient productive pro-

cesses and control systems to satisfy modern food standards.

The rising technological developments and the increasing

global food trade increase the risk of acquiring foodborne

diseases, requiring prompt and effective actions to prevent

them (29, 13). In recent years, governmental and nongov-

ernmental organizations have developed several risk

analysis software programs, describing mathematical mod-

els to estimate the probability of acquiring an infection after

ingesting a given dose of a specific pathogen (12). To create

an effective program of prevention and control is difficult

because of the complex epidemiology and pathological

behavior of this bacterium (7). The aim of the present study

was to identify and analyze key sampling points generating

a risk of contamination with Salmonella organisms in a

commercial chicken processing plant and perform a

salmonellosis risk analysis. Our data provide reliable

information that will help to formulate and implement

specific programs to prevent, detect, and control contami-

nation with this pathogen.

MATERIALS AND METHODS

Processing plant. Sampling for this work was carried out in a

commercial processing plant. The processing line speed was 75

birds per min, and each step was performed as follows: bleeding

(1 min), immersion scalder (53 to 59uC), defeathering (1 min),

head removal, internal organ removal (evisceration), spray

washing, prechilling, and immersion chilling.

Sampling procedure. Sampling was performed on 10

separate visits over a 5-month period in 2012 (January to May).

On each visit, one carcass was taken from each of nine different

sampling points of the processing line, making nine carcasses from

each trip for a total of 90 birds. Samples were taken after the

following procedures: (1) bleeding (with feathers still attached), (2)

scalding, (3) defeathering, (4) cutting the cloacae and abdominal

opening, (5) evisceration, (6) spray washing, (7) prechilling, (8)

chilling, and (9) packaging and shipping. All the birds sampled

came from the same flock.

Whole carcasses were randomly selected at each sampling

point, using the methodology suggested by the U.S. Department of

Agriculture Food Safety and Inspection Service for collecting raw

meat and poultry product samples (27). Briefly, carcasses were

placed in sterile bags and rinsed with 400 ml of buffered peptone

water (Oxoid, Cambridge, England) for 1 min. Samples were
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placed in coolers (0 to 4uC) and transported to the laboratory for

analysis.

Microbiological examinations (qualitative analysis). The

percentage of Salmonella contamination (incidence) was deter-

mined using the methodology recommended by the U.S.

Department of Agriculture Food Safety and Inspection Service

for the isolation and identification of Salmonella (28). Primary

culture was performed by first adding 30 ml of sample rinse fluid

to 30 ml of sterile buffered peptone water (Oxoid) and

homogenizing the mixture; then, samples were incubated at 36

¡ 1uC for 24 h and 0.5-ml and 0.1-ml amounts transferred to 10 ml

of tetrathionate broth (Acumedia, Lansing, MI) and 10 ml of

Rappaport-Vassiliadis broth (Acumedia), respectively. Tubes were

incubated in a water bath at 42 ¡ 0.5uC for 24 h. Next, a loopful

from each enrichment broth was streaked onto a xylose lysine

Tergitol 4 agar (XLT4) (Acumedia) and a brilliant green sulfa agar

(Acumedia) plate and incubated for 24 h at 35 ¡ 2uC. Following

this, typical Salmonella colonies were inoculated onto triple sugar

iron agar (Merck, Darmstadt, Germany), lysine iron agar (Oxoid),

and urea Christensen agar (Oxoid) and incubated at 37uC for 24 h.

Reactions compatible with Salmonella were confirmed biochem-

ically with API 20E (BioMériux, Marcy l’Etoile, France) and with

specific Salmonella omnivalent O agglutinating antisera (Seiken,

Tokyo, Japan).

Microbiological examinations (quantitative analysis).

Salmonella quantification analysis (CFU per carcass) was conducted

by performing a dilution counting protocol, using XLT4 as the

selective agar (experimental protocol tested in the present study).

Sample rinse fluid was serially diluted (1021, 1022, and 1023) in

buffered peptone water, and 100-ml amounts plated as duplicates on

XLT4 agar plates using a Drigalski spatula. The plates were

incubated at 35 ¡ 1uC for 24 h, and typical Salmonella colonies

were assessed as previously described. Counts were performed in

CFU per milliliter. Carcasses were rinsed with 400 ml of sterile

peptone water, and the count of CFU per carcass was obtained by

multiplying the CFU per milliliter value by 400. The detection limit

for Salmonella counts (quantitative test) was 4,000 CFU per carcass.

Estimation of disease risk. To estimate the risk of human

disease caused by eating Salmonella-contaminated chicken meat

from the processing plant evaluated, a risk assessment model

proposed by the World Health Organization for eggs and broiler

chickens was applied (12). The risk assessment model estimates

the probability of human disease caused by the ingestion of

Salmonella for the entire chicken meat production chain. The risk

is calculated based on the prevalence of contaminated chicken

carcasses at the end of processing in the plant. The model includes

handling and cooking practices at home, establishing a mathemat-

ical dose-response relationship between the ingested dose of

Salmonella and the chance of human disease. The probability of

disease was calculated from the number of organisms ingested,

information on the dose-response relationship, and adjusted data

from outbreaks. The number of bacteria consumed was obtained

using the weight of chicken meat consumed per serving and the

number of Salmonella organisms in the meat.

Statistical analysis. Data collected from all samples were

analyzed descriptively and tabulated using Excel 2007 software

(Microsoft, Redmond, WA). Analysis of variance and multiple

range test (Duncan’s test) were applied using the general linear

model Infostat 2012 software and a probability of a ,0.05.

RESULTS AND DISCUSSION

Salmonella was detected at every sampling point of
the processing line. The contamination detected at every

sampling point is shown in Table 1. Of all the steps of the

processing line, sampling point 1 had the highest percentage

of contamination (60%). Although a high percentage, this

contamination rate was still lower than others reported by

other authors (as high as 98.9%) (18). Since the first

sampling was performed soon after the birds arrive at the

plant, the risk of cross contamination was very low. The

main risk at this point is the potential contamination

introduced by the staff hanging birds at the entrance of

the processing line, which is considered a step with minor

microbiological implications. Salmonella isolated at this

point are usually acquired on the farm and/or during

transportation to the processing plant. Several studies show

that the sacrifice of Salmonella-positive flocks augments the

risk of contaminating subsequent flocks in the processing

line, increasing from 30 to 70% the incidence of Salmonella
(10, 23).

In following the processing flow (points 2, 3, and 4), a

gradual decrease in contamination was observed, reaching

one of the lowest percentages of contamination of the study.

This dynamic indicates that the procedures of scalding,

defeathering, and cutting of the cloacae and abdominal

opening reduced the Salmonella present on the carcasses

sampled. Other studies indicate that procedures such as

scalding and defeathering may produce a significant

increase in the risk of cross contamination (5, 13, 20).
As observed from the data in Table 1, an increase

in the percentage of contamination (40%) was detected at

sampling point 5 (evisceration), suggesting that the

evisceration process increased the risk of contamination

with Salmonella. Our results agree with those obtained in a

previous study conducted in Costa Rica (3), showing a

significant increase in the percentage of positive samples

during the evisceration process. This augmentation may be

due to cross contamination, either by the operators and/or

the equipment. This result suggests that the evisceration

process was performed incorrectly, allowing dispersal of the

gastrointestinal-colonizing bacteria. During this process,

TABLE 1. Percentage of carcasses contaminated with Salmo-

nella and total Salmonella counts per sampling point

Sampling point and

processing stage

% of carcasses

contaminated

Salmonella count

(log CFU/carcass)a

1. Bleeding 60 6.1

2. Scalding 30 3.6

3. Defeathering 30 3.9

4. Cut cloacae 10 NR

5. Evisceration 40 3.9

6. Spray washing 10 5.1

7. Prechilling 20 NR

8. Chilling 10 NR

9. Shipping 20 NR

a Nine birds were analyzed per sampling point. NR, no Salmonella
colonies recovered. Detection limit for Salmonella counts

(quantitative test) was 4,000 CFU per carcass.
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viscera are normally removed violently; the incisions in the

intestinal package may spread the bacteria throughout the

carcass. Operators can also transfer bacteria to nonconta-

minated carcasses by manipulation. Carcass contamination

by intestinal bacterial during inappropriate evisceration has

been previously reported (25).
After the following processing steps (points 6, 7, and 8),

contamination decreased again due to carcass wash and

treatment in the prechiller and chiller. Previous works have

shown that prechiller and chiller treatments can be quite

efficient in eliminating bacteria and preventing bacterial

multiplication if the water flow and chlorine levels are strictly

controlled (3, 21). At the last sampling point (shipping), when

the broiler carcasses were ready for shipping and trade, we

found a Salmonella contamination rate of 20%.

The increased contamination observed between points 8

and 9 probably occurs during the waiting time (60 minutes

maximum) or during handling of carcasses from the chiller

to the packaging and storage area in the cold room. Other

authors agree and indicate that, during this stage, the

carcasses may have a higher incidence of Salmonella
because bacteria from contaminated carcasses can adhere to

wet surfaces and form biofilms, providing a source of cross-

contamination to carcasses processed subsequently (9, 30).

Salmonella counts in XLT4 agar. As shown by the data

in Table 1, there was a high rate of Salmonella contamination at

the beginning of the process, reaching a total of 6.1 log CFU per

carcass. After scalding, the quantities of Salmonella decreased

to 3.6 log CFU per carcass and remained relatively constant at

the following sampling point; however, an increase in the

counts of Salmonella was detected at sampling point 6 (spray

washing), reaching 5.1 log CFU per carcass.

Higher Salmonella counts after spray washing can be

explained by the concept of weak bacterial attachment that

was previously reported (14, 17, 26). According to this

notion, bacteria exposed after an inadequate evisceration are

weakly attached to the carcass. This bacterial attachment is

time dependent, and the process is relatively fast (2, 14, 26).
Consequently, bacteria could be easily spread to other parts of

the carcass or contaminate adjacent carcasses during water

spraying. Sprayed bacteria are most likely dispersed to the

folds and cracks of the skin, where they remain trapped. At

sampling points 7, 8, and 9, no Salmonella colonies were

recovered, indicating that the following disinfection treat-

ments (prechiller and chiller) effectively reduced the viable

bacterial loads below 4,000 CFU per carcass.

An increase of Salmonella counts after sampling point

6 (spray washing) shows that the washing process was

ineffective to control Salmonella and introduced a high risk

of contamination.

The experimental quantitative protocol (direct XLT4

plating) applied in this study proved to have a low

sensitivity, since only 21.7% of all samples that were

positive by the standard Salmonella qualitative protocol

(presence/absence) were detected with the quantitative

method. Other authors have developed and evaluated other

methodologies to quantify Salmonella in samples, such as

spiral plate count, hydrophobic membrane filtration, most

probable number, and real-time-PCR, reporting sensitivities

ranging from 38.8 to 100% (1, 6, 8, 15, 24).

Estimation of annual salmonellosis. Applying all

assumptions proposed in the World Health Organization

prediction model (12), in concert with specific data from the

country (population of 4,301,712, 71.8% of whom regularly

consume chicken) (16, 19), chicken meat consumption

habits (22.4 kg per capita, with a weekly consumption

frequency) (22), and assuming that the process plant

evaluated represents 15% of the national production of

chicken meat, it was estimated that a total of 272 cases of

salmonellosis could occur in 1 year as a result of consuming

Salmonella-contaminated chicken from the processing plant

evaluated.

Disease risk analysis can be used to evaluate the

efficacy of a safety intervention strategy in the production

process of a processing plant. Any intervention resulting in

a reduction of Salmonella-contaminated carcasses (final

stage of process) would directly reduce the risk of acquiring

the disease. In the same manner, if other safety strategies are

applied (e.g., reduction of Salmonella CFU counts), the

number of Salmonella cases would also be reduced.

Comparing the results of this risk analysis to the actual

data reported by the World Health Organization (31) in

2010 (186 Salmonella cases), there was no correlation

between the historical and the model-projected data.

Although Costa Rica salmonellosis may be underreported,

this might also suggest that the model established by the

Food and Agriculture Organization of the United Nations

and the World Health Organization (12) may not represent

the reality for this country.

These data provide reliable information that will help to

formulate and implement specific programs to prevent,

detect, and control Salmonella. Moreover, this study

provides scientific evidence supporting the knowledge that

the prevalence of Salmonella in a processing plant is the

result of several individual practices along the processing

line. The prevention of Salmonella contamination requires a

detailed knowledge of the main risk factors associated with

their occurrence in the production system.
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