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Abstract

Poultry meat is consumed worldwide, with Brazil being a major producer and exporter.
Microbiological evaluation of carcasses has been used for verifying process hygiene and safety. This
study compared the microbiological effectiveness and costs of two sampling methods for poultry
carcasses: analysis of composite samples of skin and muscle from various carcass regions and analysis
of the neck skin only. Enterobacteriaceae counts were performed across different carcass regions to
identify the most contaminated and easiest part to sample. Subsequently, costs related to labor time
and protein waste were quantified in 18 slaughterhouses. Counts in the muscle and skin of the neck,
cloaca, and wing regions were similar but significantly lower than those in the grouped dorsal
samples (p<0.05). Neck skin samples were statistically similar to the grouped dorsal samples, were
easier to collect, and showed statistically higher contamination than ventral samples, indicating
equivalent or superior microbiological representativeness. The neck skin sampling method required
less time, generated less protein waste, was simpler to perform, and reduced estimated costs by 97%.
These results indicated that neck skin excision is a more effective and economical alternative for the
microbiological sampling of poultry carcasses.

Keywords: chicken meat; Enterobacteriaceae; neck skin

1. Introduction

Chicken meat ranks among the most widely consumed animal proteins globally, with Brazil
standing as the third-largest producer and the leading exporter of this commodity [1]. Within this
huge framework, thousands of chicken carcasses are microbiologically tested every day, necessitating
the use of methods that are both effective and economically feasible.

Microbiological evaluation of chicken carcasses has been used to assess the prevalence of
pathogens [2,3], contamination by indicator microorganisms at specific stages of a process [4,5], or to
monitor the performance of production processes as a whole [6]. Sampling methods for these
carcasses may have different performances [7,8], affecting decision-making and trading.

According to ISO 17604:2015 [10], which specifies methods for sampling carcasses for
microbiological analysis, the choice of sampling method depends mainly on the purpose of the
analysis, the required sensitivity, and the practical aspects of sampling, such as collection methods.
According to this standard, corroborated by Zhang et al. [9], skin excision, swabbing, and whole
carcass washing are three commonly used methods for sampling poultry carcasses. In general,
excision methods collect portions of skin and muscle or just skin from a specific part or different parts
of the carcasses, while the swab method uses cotton swabs or sponges to swab the surfaces of the
carcasses. In the rinsing method, an entire chicken carcass is placed inside a plastic bag, and then
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enough diluent is added to rinse it thoroughly. An aliquot of the rinse is seeded onto plates containing
culture media for microbial counting after incubation.

Studies report that similar amounts of microorganisms were collected by the excision and
rinsing methods [7,8], but the latter method requires a larger amount of diluents and large plastic
bags, which can generate very high costs when analyzing a large number of samples. These and other
studies [7,8] [10] agree that swab sampling methods tend to collect fewer microorganisms and are
more difficult to standardize than other methods, which are considered important disadvantages of
this method. Sharpe et al. [11] reported that excision methods can collect a greater number of
microorganisms from the surface of carcasses when compared to rinsing and swab methods,
suggesting that excision sampling would be more appropriate for the microbiological analysis of
chicken carcasses.

Excision methods can be performed in different ways, depending on the sampling technique
used. Methods that collect samples from various parts of the carcasses are difficult to perform on the
production line, often requiring the carcasses to be collected and transported to laboratories where
they will be sampled and analyzed. In addition to the costs and labor involved in transporting these
carcasses, the samples need a lot of space in laboratories, and collecting excisions generates a lot of
work for laboratory technicians. Furthermore, this sampling method is destructive, generating a large
amount of poultry meat waste if sampling is frequent.

An alternative to this method would be to collect skin excisions only from the most contaminated
region of the carcass, which must be identified before sampling. Ideally, collection from this single
region should be carried out inside the slaughterhouse, avoiding the waste of whole carcasses and
higher costs for transportation and collection material.

In Brazil, on February 29, 2024, Ordinance 1023 of the Ministry of Agriculture and Livestock
(MAPA) came into force, approving procedures for the microbiological evaluation of the hygienic-
sanitary performance of the broiler slaughtering process. Compliance with this regulation involved
collecting chicken carcasses at the exit of each pre-cooling system (chillers) every hour of operation.
The collected carcasses are packaged and sent refrigerated to laboratories where 25 g of skin and
muscle from the pericloacal, neck, and wing regions of each carcass are collected and subjected to
Enterobacteriaceae enumeration. These procedures were carried out throughout Brazil, generating a
large volume of animal protein discarded daily, high costs related to transportation, labor, and
analysis. Since this method has some disadvantages and there are other excision methods that could
be as effective and representative as this one, the objective of the present study was to identify a
possible alternative excision method and compare it with the excision method established by
Ordinance 1023/2024 for microbiological analyses of chicken carcasses. In addition, the economic
aspects involved in performing each method were also evaluated.

2. Materials and Methods

2.1. Experimental Design and Location

The experiments were conducted from September 2024 to June 2025 in laboratories belonging to
a large Brazilian chicken processing company and were divided into two stages. Stage 1 was carried
out to verify whether specific carcass parts (cloaca, neck, and wings) would present different levels
of microbiological contamination and whether pooled samples, collected from those different parts
from the ventral and dorsal regions, would present differing contamination levels. Enterobacteriaceae
counts were performed on these samples. The most contaminated and easiest-to-collect region of the
carcasses was identified and chosen for the second stage of the study.

In Stage 2, skin and muscle samples from the cloaca, neck, and wing regions were collected and
pooled, as established by Ordinance 1023/2024 [6], and then subjected to Enterobacteriaceae counts.
These counts were compared to counts from the region identified in Stage 1 to verify their
microbiological equivalence. The number of carcasses sampled by both excision methods was
collected over five days in two large slaughterhouses in Brazil, following the criteria established by
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Ordinance 1023/2024. The cost of both sampling procedures was also compared. Details of each stage
of the study are described below.

2.2. Microbiological Contamination Assessment of Carcass Parts (Stage 1)

For the Phase 1 tests, 30 chicken carcasses were collected at the exit of the chillers of each of the
three slaughterhouses, totaling 90 carcasses. Poultry slaughterhouse A is located in the state of Santa
Catarina and has two automatic chicken slaughter lines and two semi-automatic turkey slaughter
lines, operating in two shifts with a slaughter capacity of 216,000 birds per day, which have an
average clean weight of 2.11 kg. Slaughterhouse B is located in the state of Santa Catarina and has
three slaughter lines operating in two shifts, with a slaughter capacity of 400,000 birds per day, which
have an average clean weight of 2.11 kg. Slaughterhouse C is located in the midwestern part of the
state of Santa Catarina, has two slaughter lines, operates in three shifts, with a slaughter capacity of
320,000 birds per day, which have an average clean weight of 1.04 kg. All samples were collected by
a quality assurance employee from each slaughterhouse, wearing full uniforms and nitrile gloves.
The collected carcasses were placed in sterilized plastic bags, packed in thermal boxes at 2 to 8 °C,
and then quickly transported to the respective slaughterhouse laboratories.

In the laboratories, 25 g samples of skin and muscle from the wing region, 30 samples of skin
and muscle from the neck region, and 30 samples of skin and muscle from the cloaca region were
collected separatelly from 30 carcasses. From other 30 carcasses, 30 samples containing 25 g of skin
and muscle were collected from the cloaca, neck, and wing regions, of the ventral side of the carcasses,
The samples collected from each carcass were put mixed. From other 30 carcasses, 30 samples
containing 25 g of skin and muscle were collected from the cloaca, neck, and wing regions of the
dorsal side of the carcasses. All samples were weighed on a calibrated scale inside sterile bags and
subjected to Enterobacteriaceae enumeration, as described below.

2.3. Comparison of Microbiological Contamination of Samples Collected by Two Excision Methods (Stage 2)

One hundred and forty-four (144) chicken carcasses were collected at the exit of the chillers of
two large Brazilian slaughterhouses. This number of samples was representative of the number of
samples that should be collected from these two slaughterhouses during five working days, in
accordance with Ordinance 1023/2024. The slaughterhouses have the following characteristics:
Poultry slaughterhouse D is located in the state of Goias, has three chicken slaughter lines, and
operates in two shifts, with a slaughter capacity of 176,000 birds, which have an average clean weight
of 1.04 kg. Slaughterhouse E is located in the state of Parana, has two chicken slaughter lines, operates
in three shifts, and has a slaughter capacity of 475,200 chickens per day. The chicken slaughter line
has a slaughter capacity of 17,600 birds per day with an average clean weight of 1.04 kg. From these
carcasses, 144 samples of 25 g of skin and muscle were collected from the cloaca, neck, and wing
regions. The samples of different regions of each carcass were grouped as established by Ordinance
1023/2024. Although this Ordinance does not define whether samples should be collected from the
ventral or dorsal side of the carcasses, the samples were collected from the ventral side, as this
procedure is commonly performed in slaughterhouse laboratories. In addition, 144 samples of neck
skin (25 g, without muscle) were also collected from the carcasses. This region was chosen based on
the results of Stage 1 of this study (see results). The Enterobacteriaceae counts of both groups of samples
were performed as described below and then compared.

2.4. Microbiological Analyses

Each 25 g sample was mixed with 225 mL of 0.1% buffered peptone water (20-liter bag -BBV-
Bio BoaVista, Valinhos/Sao Paulo, Brazil) and then homogenized for 1 to 2 minutes in a sample
homogenizer (Model Smasher AES Laboratoire, Biomérieux, France). Subsequently, each sample was
diluted in 0.1% buffered peptone water, and 1 mL aliquots were plated onto Petrifilm EB
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(3M/Neogen) for Enterobacteriaceae enumeration after incubation at 37°C +/-1°C por 24h +/- 2h as
determined in AFNOR 3M 01/16-09/97.

2.5. Statistical Analyses

Statistical analyses were performed using the R software. After obtaining the mean, median, and
standard deviation of the samples, the Shapiro-Wilk test was applied to check for the normality of
data distributions and the Levene's test was applied to evaluate the homogeneity of variances, which
are necessary assumptions for subsequent parametric methods. The Kruskal-Wallis test was used to
compare more than two independent groups, and the Dunn's test was applied as a post-hoc test to
identify differences between specific pairs of samples due to the absence of data normality. When
samples showed normal distribution and homogeneous variances, the Student's t-test for
independent samples was used to detect significant differences in the means between the groups.
Finally, for comparisons between two independent samples without normal distribution, the non-
parametric Wilcoxon rank-sum test was employed, which is appropriate for identifying differences
in medians between groups with asymmetric distributions.

2.6. Economic Impact of the Different Excision Sampling Methods

The operational characteristics of 18 Brazilian poultry slaughterhouses were determined to
assess the potential economic impact of excision sampling methods across diverse production
realities. Specifically, the number of work shifts, chillers, and the mandated number of poultry
carcasses for collection (in accordance with Ordinance 1023/2024) were identified and are presented
in Table 1. This variation in process and production scale allows for a comprehensive evaluation of
sampling economics in large-scale Brazilian poultry processing facilities. Next, the economic impact
of the two excision sampling methods was quantified considering the number of carcasses collected
per day and per month to fully comply with this regulation.

Net carcass weights were calculated based on established carcass meat yield and live weight
parameters, resulting in a value of 1.04347 kg for light/grillers and 2.10854 kg for heavy broilers.
Considering the total annual volume of broilers processed across the 18 slaughterhouses and the
associated cumulative annual yield cost, the average cost of the harvested carcass (excluding giblets
and feet) was estimated at approximately US$0.97 per kg. Subsequently, the economic impact (cost)
of carcass sampling required to comply with Ordinance 1023/2024 [6] was determined. This
calculation utilized the number of carcasses collected per day, the unit's net weight production type
(light/grillers and/or heavy broilers), and the derived value per kg, and was then compared with the
cost associated with neck skin sampling.

Ordinance 1023/2024 mandates the number of carcasses to be collected hourly, per chiller, and
per work shift in each Brazilian slaughterhouse. These collected carcasses must undergo
Enterobacteriaceae counts. If the results meet the established satisfactory criteria (as discussed below),
the required sampling frequency can be reduced. Therefore, Table 1 presents the calculated average
number of carcasses collected per day under both the full sampling plan and the reduced sampling
plan. Furthermore, Table 1 details the total number of carcasses to be collected across the 18 assessed
slaughterhouses, determined by their respective number of lines, shifts, and chillers, assuming a
standard 22 collection days per month.
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Table 1. Description of 18 Brazilian poultry processing plants, their number of shifts, chiller, sample averages,

total carcasses and weight (kg), reduced or full sampling plan according to Ordinance 1023/2024.

Clean weight
Carcass Clean weight
Shift Carcass/day Carcass Carcass/day /month
Plan Chille /month /month (full
s (full /month (full (reduced (reduced
t r lines (reduced sampling)
(n) sampling)? sampling) sampling)? sampling)
sampling) (Kg)
(Kg)

1 2 1 16 352 4.36 96 367.30 100.17
21 2 3 48 1,056 13.09 288 1,101.90 300.52
3 2 2 32 704 8.73 192 1,484.41 404.84
4 2 2 32 704 8.73 192 1,484.41 404.84
5 2 1 16 352 4.36 96 742.21 202.42
6 2 3 48 1,056 13.09 288 2,226.62 607.26
7 2 1 4.36 96 4.36 96 742.21 202.42
8t 3 3 72 1,584 20.36 448 1,652.85 467.47

9 3 2 48 1,056 13.09 288 2,226.62 607.26
10 2 2 32 704 8.73 192 1,484.41 404.84
11t 2 3 48 1,056 13.09 288 1,101.90 300.52
12 2 2 32 704 8.73 192 1,484.41 404.84
13 2 2 32 704 8.73 192 1,484.41 404.84
14 2 1 16 3,52 4.36 96 742.21 202.42
15 2 2 8.72 192 8.73 192 1,484.41 404.84
16 2 3 48 1,056 13.09 288 2,226.62 607.26
17 2 2 32 704 8.73 192 1,484.41 404.84
18t 3 1 8,72 192 8.73 192 550.95 200.35

Tota
573.8 12,624 173.09 3,808 24,072.28 6,631.95

1

! Griller processors. 2Average number of carcasses collected per day according to full sampling plan. 3Average

number of carcasses collected per day according to reduced sampling plan.

2.7. Quantification of Time for Sample Preparation in Laboratory

The time required to perform sampling collection and preparation in laboratories was quantified
for both excision methods The impact related to laboratory staff labor was quantified based on Man-
Hours Worked (MHW). Specifically for the neck skin sampling method, the required time for
collection of approximately 40 g of neck skin within the slaughterhouse processing area and the
subsequent 25 g subsampling conducted in the laboratory was considered. To ensure a fair
comparison, the common procedural steps shared by both methods—including the receipt of
carcasses or samples in the laboratory, batch preparation, dilutions, and subsequent microbiological
analyses—were excluded from the time quantification.

The calculation of total laboratory labor considered the time required for sample preparation to
each method, as well as the time required for waste management. Waste management time included
the duration to seal a filled garbage bag, replace it with a new clean plastic bag, and remove the waste
from the laboratory to an appropriate disposal site. Waste disposal assumptions were established to
standardize the calculation. For carcass sampling, it was assumed that one plastic bag was removed
for every eight sampled chicken carcasses, based on laboratory practice of removing bags containing
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either 10 light/grillers or 5 heavy chicken carcasses. For neck skin disposal, the procedure was
standardized to one trash bag per day, totaling 305 bags per year, accounting for the non-operational
status of the laboratories on Sundays. Finally, sampling transportation time was not considered in
the calculation, as the sample collection (carcasses or neck skins) and analysis laboratories were
located within the same slaughterhouse facilities.

3. Results

The results of the Enterobacteriaceae counts for the skin and muscle portions from the wing, neck,
and cloaca regions, as well as the pooled samples from the three regions of the bird carcasses
positioned in the ventral and dorsal positions, are demonstrated in Table 2. To characterize the
measurements obtained in the different regions evaluated, descriptive statistics were calculated,
including measures of central tendency (mean and median) and dispersion (standard deviation).

Table 2. Descriptive statistics of Enterobacteriaceae counts from wing, neck, and cloaca samples collected from
chicken carcasses and from pooled samples of these regions collected from the ventral and dorsal sides of the

carcasses.

Sample Mean (log) Median (log) Standard Deviation
r T T T 1
Wing 1.43 1.30 0.491
Neck 1.69 1.70 0.451
Cloaca 1.71 1.70 0.580
Ventral 1.67 1.65 0.481
Dorsal 2.24 222 0.613

The result of the Shapiro-Wilk test indicated that the wing (p=0.000192) and cloaca (p=0.02639)
samples did not exhibit a normal distribution (p<0.05), necessitating the use of non-parametric
statistical tests for subsequent analyses. In contrast, the neck (p=0.180), ventral pooled (p=0.09054),
and dorsal pooled (p=0.72060) samples showed normal distribution data (p>0.05).

Subsequently, Levene's test was employed to evaluate the homogeneity of variances between
the groups, based on this is a prerequisite for the validity of assumptions in parametric statistical
methods. The test resulted in a p-value of 0.4158 (p>0.05), indicating that the variances of the groups
were considered homogeneous. The Kruskal-Wallis test, a non-parametric alternative to analysis of
variance (ANOVA), was used to compare independent groups due to the violation of the data
normality assumption. The result showed a p=0.05235, a value slightly above the adopted level of
significance (a=0.05) for the comparison of the wing, neck, and cloaca samples with each other. Thus,
no statistically significant difference was identified between the analyzed groups, indicating that the
medians of Enterobacteriaceae counts of the groups did not differ.

Furthermore, Dunn's multiple comparison test was employed to perform pairwise comparisons
following the Kruskal-Wallis test. It was observed that the comparisons between the wing and neck
regions (p=0.9733002), wing and cloaca (p=0.11643233), and neck and cloaca (p=1.00000000)
confirmed the results of the previous test, indicating that the comparisons between the samples
showed p>0.05, confirming the absence of a significant difference in Enterobacteriaceae counts among
the analyzed groups.

Additionally, the ventral and dorsal pooled samples were compared using the Student's t-test,
as both groups exhibited a normal distribution of data. The result obtained was p=0.0002043 (p<0.05),
indicating a significant difference in the contamination between the ventral and dorsal regions.
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According to Ordinance 1023/2024 [6], the regions of the chicken carcasses recommended for
sample collection are the wing, neck, and cloaca. Considering that the standard carcass position
during sampling, both in the industrial environment (carcasses hanging on the shackle line) and in
the laboratory (carcasses on benches), is with the vent facing the collector, the standard sampling
method was established as the skin and muscle pool obtained from the three mentioned regions, all
located on the ventral face of the carcass.

To assess whether each of the recommended regions (wing, neck, and cloaca) could individually
and representatively replace the commonly performed ventral pooled sampling, a comparative
statistical analysis was performed between the ventral pooled collection and each of the other regions.

For this purpose, the Kruskal-Wallis test was used, which identified a p=0.00001585, indicating
a statistically significant difference between the samples (p<0.05). Following this analysis, Dunn's test
was employed for pairwise comparison. Considering a significance level of 0.05, it was observed that
the comparisons between the dorsal and wing regions (p=0.0000028), dorsal and cloaca (p=0.0183327),
dorsal and neck (p=0.0177416), and ventral and dorsal regions (p=0.0065402) indicated statistically
significant differences, demonstrating that the Enterobacteriaceae contamination on the dorsal region
was higher than in the other evaluated parts. Conversely, all other comparisons had p-values greater
than 0.05, such as the comparison between the ventral and wing regions (p=0.8425690), ventral and
neck (p=1.0000000), ventral and cloaca (p=1.0000000),wing and neck (p=0.4453479),wing and cloaca
(p=0.4343676), and cloaca and neck (p=1.0000000). Thus, the results indicate that, with the exception
of the dorsal region pooled samples, which showed significantly higher contamination, the other
regions do not exhibit significant differences in Enterobacteriaceae counts, with the observed variations
attributable to sampling variability.

3.1. Comparison of Enterobacteriaceae Contamination According to the Two Excision Sampling Methods
The results of the Enterobacteriaceae counts for the pooled skin and muscle portions from the

wing, neck, and cloaca regions, and the Enterobacteriaceae counts for neck skin are shown in Table 3.

Table 3. Descriptive statistics of Enterobacteriaceae counts from pooled samples collected from the ventral region

of chicken carcasses and from neck skin samples collected from the ventral and dorsal regions of the carcasses.

Sample Mean (log) Median (log) Standard Deviation
r T T T 1
Ventral pool 1.93 1.87 0.733
Neck skin 2.37 2.30 0.837

The Shapiro-Wilk test identified a p=0.00000512 for the pooled samples and a p=0.006511 for the
neck skin samples. Considering the 5% level of significance, both results indicate the rejection of a
normal data distribution (p<0.05). Thus, the distributions of the two data groups were not considered
normal, indicating the necessity of using non-parametric statistical tests for the analyses. Levene's
test returned a p=0.1849 (p>0.05), which indicates that the variances of the groups were considered
homogeneous. This result showed that, although the data do not follow a normal distribution, the
variability between the groups remains similar. The Wilcoxon rank-sum test for independent samples
was then used, which revealed a statistically significant difference (p<0.05) between the pooled
samples and the neck skin samples (p=0.0000105), indicating that the latter showed higher
Enterobacteriaceae contamination.

Finally, a comparative analysis of the Enterobacteriaceae counts from the neck skins of the 144
samples with the counts performed on 30 pooled samples collected from the dorsal region was
carried out. Table 4 presents the corresponding descriptive statistics results for the two data groups.
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Table 4. Descriptive statistics of Enterobacteriaceae counts from pooled samples collected from the dorsal region

of chicken carcasses and from neck skin samples collected from the ventral and dorsal regions of the carcasses.

Sample Mean (log) Median (log) Standard Deviation
T T T T 1
Dorsal pool (n = 30) 2.24 2.22 0.613
Neck skin (n = 144) 2.37 2.30 0.837

The Shapiro-Wilk test was applied and identified a p=0.7206 for the dorsal pooled samples
(p>0.05), while the neck skin samples presented a p=0.006511. The latter rejected the hypothesis of
normality (p<0.05), indicating the necessity of using non-parametric statistical tests for the
subsequent analyses. Levene's test resulted in a p=0.04003 (p<0.05), rejecting the null hypothesis,
which indicated that the variances of the groups cannot be considered homogeneous.

Given that one sample from the dataset did not show a normal distribution, the non-parametric
Wilcoxon rank-sum test for independent samples was performed. The test revealed no statistically
significant difference between the microbial counts of the pooled samples collected from the dorsal
region and the neck skin samples (p=0.4536). Thus, it can be inferred that both exhibit similar
Enterobacteriaceae load, suggesting comparable hygienic-sanitary conditions in these samples, since
the counts were similar. Considering the similarity between the counts and the ease of carcass
sampling within the slaughterhouse facilities, neck skin samples appear to be more suitable for
evaluating the microbiological contamination of chicken carcasses.

3.2. Economic Impact

As can be observed in Table 1, the 18 large-scale Brazilian slaughterhouses analyzed operated in
two or three shifts, had between one and three slaughter lines and chillers, and collected daily from
10 to 54 chicken carcasses to be analyzed according to Ordinance 1023/2024 [6]. The overall average
total of carcasses collected in the 18 slaughterhouses was 573.82 per day or 12,624 carcasses per
month.

Table 5 contains the estimated cost of discarded carcasses used for the pooled excision sampling
(wing, neck, and cloaca regions) for compliance with Ordinance 1023/2024 [6], while Table 6
demonstrates the estimated cost using neck skin samples. As can be observed in these Tables, the
monthly cost to analyze the 12,624.00 carcasses collected monthly was US$23,197.99 and the annual
cost was US$278,375.89. In contrast, the monthly cost to analyze neck skins collected from the same
number of carcasses was US$61.82, while the annual cost was US$727.08. These values represent a
99.73% reduction in the estimated cost if neck skins are sampled instead of whole carcasses,
considering only the cost of the samples.

Table 5. Estimated cost of carcasses for pooled excision sampling to comply with Ordinance 1023 in 18 Brazilian

slaughterhouses.
Number of Weight (kg) per  Estimated cost Estimated cost Estimated cost
carcasses per month per kg per month per year
month
12,624 22,102.32 US$1.04 US$23,197.99 US$278,375.89
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Table 6. Estimated cost for sampling by excision of chicken neck skin in 18 Brazilian large-scale
slaughterhouses.
Number of Weight (kg) per  Estimated cost Estimated cost Estimated cost
carcasses per month of neck per kg per month per year
month skin
12,624 504.96 (US$0.12)! (US$60.59)! (US$727.08)!

1 US$ at an average exchange rate of 1 BRL R$0.19 USD. 0.040Kg (40g) of neck skin per sample collected from

each poultry carcass.

As can be seen in Table 7, the estimated labor time for cutting samples using the three-region
grouped excision method and the neck skin excision method was 2,600.54 and 925.76 hours
respectively. The analysis steps were not considered because, regardless of the sampling method,
they are performed in the same way. To determine the number of MHW, the average time was
calculated for each activity: 1.03 minutes for cutting the parts and 0.37 minutes for cutting the neck
skin. This average time was multiplied by the total number of samples taken in the year, which was
151,488.00. The removal of waste bags containing discards from both methods took 252.48 hours for
carcasses and 4.07 hours for neck skin. To determine the time spent on waste removal, an average
calculation was made of how many waste bags were removed to handle the disposal of carcasses and
neck skin. An average of eight carcasses per waste bag was considered; therefore, the total number
of carcasses handled in the year was divided by eight to determine the total number of waste bags
(18,936.00 bags/year) and then multiplied by the average time spent closing a waste bag, discarding
it, and replacing the disposal container with a new bag (0.8 minutes/waste bag). To calculate the
amount of neck skin disposal, one garbage bag per day was considered and multiplied by the total
number of working days in the year, which was considered to be 305 days. This value was then
multiplied by the time for disposal and replacement of the garbage bags (0.8 minutes). The change in
the collection method resulted in a total reduction of MHW by 67% per year, with 2,853.02 hours per
year spent on cutting and disposing of carcasses and 929.83 hours per year on neck skin.

Table 7. Estimated labor times based on man-hours worked in the laboratory for sample preparation by the two

excision methods in 18 Brazilian slaughterhouses.

Procedure Time (min.) Carcasses Bags removed Worked hours
sampled per per year per year
year
Excision 1.03 151,488.00 2,600.54

sampling from
three carcass

regions (pool)

Neck skin 0.37 151,488.00 - 925.76

excision

Removal of 0.80 - 18,936.00" 252.48
waste bags
containing

carcasses
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Removal of 0.80 - 305° 4.07
waste bags
containing neck

skins

! Each bag with eight carcasses. 2 Day worked in the laboratory where a bag of neck skin was removed.

4. Discussion

The results of the microbiological analyses demonstrated that the mean Enterobacteriaceae counts
for the skin and muscle samples from the wing, neck, cloaca regions, and the ventral pooled samples
were between 1.4 and 1.70 Log CFU/g and were all considered statistically similar. Other studies have
presented similar Enterobacteriaceae counts in chicken carcasses or cuts. For example, De Villena et al.
[4] showed that chicken carcasses and wings sampled post-chiller contained Enterobacteriaceae counts
of 0.90+0.08 Log CFU/mL and 1.64+0.10 Log CFU/mL. Vargas et al. [5] found slightly higher
Enterobacteriaceae counts in 71% of chicken carcasses also collected post-chilling, which were between
1.0 and 3.0 Log CFU/mL. The same authors demonstrated that 84% of the wing samples showed
counts between 1.0 and 4.0 Log CFU/mL. Wyink et al. (2025) investigated the contamination of skin
from the back, neck, breast, abdominal region, and legs of chickens and concluded that there was no
significant difference among the total viable microorganism counts.

According to Tortorello [12] and Saini et al. [13], the food industry has used counts of indicator
microorganisms to evaluate the performance of hygienic-sanitary control when data on pathogenic
microorganisms are scarce or difficult to collect in industrial environments. Brazil has acted in the
same way in chicken meat production, and for this, the evaluation of the performance of carcass
sampling methods is of great importance.

According to Ordinance 1023/2024 (Brazil, 2024), the result of the Enterobacteriaceae counts for
each analyzed carcass sample must be expressed in Log CFU/g for the evaluation of the hygienic-
sanitary performance of Brazilian slaughterhouses based on five-week rolling averages.
Establishments considered satisfactory are those that present sample averages below 2.3 Log CFU/g,
while establishments classified as having an acceptable performance are those that have up to 20% of
the sample averages between 2.3 and 3.0 Log CFU/g (but no weekly average above 3.0 Log CFU/g).
Finally, establishments considered to have an unsatisfactory hygienic-sanitary performance are those
that present any weekly sample average above 3.0 Log CFU/g. If the mean counts obtained in the
present study were maintained for five weeks and then submitted for this classification, the three
sampled slaughterhouses would have been considered to have a satisfactory hygienic-sanitary
performance.

The results of our study demonstrated that when skin and muscle were sampled separately from
the wing, neck, and cloaca regions, and then compared with samples from the same three regions
forming a pool of samples from the dorsal side of the carcasses, the dorsal sample pool showed
significantly higher mean counts of Enterobacteriaceae than the separate parts. Similarly, when the
contamination of neck skin-only samples (without muscle) was compared with the contamination
from the pooled skin and muscle samples from the ventral region (n=144), the neck skin showed
significantly higher mean Enterobacteriaceae counts. The neck skin (without muscle) counts were
statistically similar to the counts performed on the pooled skin and muscle samples from the dorsal
region, which was considered more contaminated than the ventral region and from the individual
parts. It is plausible that the skin of chicken carcasses is more contaminated than the muscle, since
the skin is directly exposed to contamination sources such as equipment and utensil surfaces, other
carcasses, residues, and even feces during slaughter, feather removal, evisceration, and cutting. The
structure of chicken skin has fat, follicles, and folds that can retain dirt, feces, and microorganisms,
making contamination removal difficult. The muscle, being under the skin, suffers less direct
exposure to contamination sources and, therefore, tends to have a lower microbial load, especially if
the chicken is handled correctly. The neck skin may present even greater contamination than the skin

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202511.2028.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 November 2025 d0i:10.20944/preprints202511.2028.v1

11 of 13

of other regions (Wyink et al., 2025) due to the position of the carcass when hung by its feet on the
shackle line, which allows contamination from different parts of the carcass to flow down to the neck
region via water used in washing during the process. Similarly, the higher contamination of the
dorsal region of the chicken carcasses can be explained by the method of viscera extraction, which
frequently provides contact of parts of the removed viscera with the dorsal region, near the cloaca,
spreading microbial contamination.

In the present study, the higher contamination of the neck skin samples and samples collected
from the carcass back were significantly higher even than the contamination of the ventral pooled
samples commonly collected in compliance with Ordinance 1023/2024 [6], which suggests that neck
skin and dorsal region samples could better represent chicken carcass contamination when sampling
carcasses by excision methods. These methods have been compared with other sampling methods,
such as rinsing and swabbing of carcasses, and have shown similar performance to rinsing [7,8] or
even better than rinsing and swabbing [11].

Considering the samples that can be collected to perform excision methods, neck skins appear
to be among the most recommended because, in addition to showing counts similar to or higher than
other carcass parts, as demonstrated in our study, they can be easily collected from carcasses hanging
on shackle lines, inside the slaughterhouse facilities, which is not always possible when collecting
multiple parts of ventral or dorsal samples. For example, an operator located in front of a hanging
carcass can easily collect a neck skin sample, from both the ventral and dorsal regions, making only
one excision, and this collection is faster and more representative of the carcass contamination than
the pooled samples. Corroborating this data, Gill and Badoni [7] studied various chicken carcass
sampling methods and reported that neck skin collection would be more convenient and less
destructive than sampling by other methods, indicating it as the preferred method for enumerating
bacteria on chicken carcasses.

Cost Evaluation

Corroborating the preference for sampling chicken carcasses through neck skin excision, the cost
evaluation of discarding carcasses used for pooled sampling versus neck skin also demonstrated an
economic advantage for sampling the latter. For example, while the annual cost to analyze 12,624.00
carcasses, in 18 slaughterhouses in Brazil, using the pooled sample method, was approximately
US$278,374.89 the cost to analyze the same number of neck skin samples was approximately
US$727.08, which represents only 0.26% of the cost of the pooled samples. Neck skin collection can
be performed directly on the process line, which is not the case with the collection of pooled samples
that requires the carcass to be removed from the shackle line and transported to the laboratory or
another suitable location to perform the other excisions. The cost of carcass transport is generally
higher, as it needs more material for sampling and space to store sampled carcasses. Furthermore,
the time required to collect from multiple carcass regions is significantly longer than the time to
collect neck skin. As demonstrated in the results of the present study, the mean time to collect the
three ventral regions of a carcass was 1.03 minutes, while the mean time to collect neck skin was 0.37
minutes. If the 151,488.00 carcasses collected in the 18 slaughterhouse facilities investigated in this
study are considered, the mean time for the pooled sample collections would be 2,600.54 hours, while
the mean time for the neck skin collections would be 925.76 hours. The waste of animal protein was
also much higher with carcass sampling for pooled sample collection. The same applies to the number
of plastic bags and the labor involved in their removal. For example, while the removal of 18,936.00
bags containing sampled carcasses was estimated in one year across the 18 slaughterhouses, only 305
plastic bags were estimated for the removal of neck skin samples. The time of waste removal and
labor for sample preparation was also expressively lower with neck skins, i.e., from 2,853.02 to 929.83
hours per year. Based on these data, neck skin sampling for chicken carcass tests appears to be the
most recommendable, as it provides equivalent or greater microbiological representativeness than
other carcass regions while offering greater practicality and lower cost.
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5. Conclusions

The results of the present study demonstrated that collection by excision of neck skin showed
advantages compared to collection by excision from different parts of the chicken carcass. When neck
skin was collected together with muscle and then compared with skin and muscle from other regions,
the Enterobacteriaceae counts were statistically similar. However, when counts from neck skin alone
were compared with counts from skin and muscle of three ventral carcass regions, as established by
Regulatory Ordinance 1023/2024 (Brazil, 2024), neck skin counts were significantly higher. Neck skin
samples showed counts similar to samples collected from the dorsal side of the carcasses, a region
that presented higher contamination than the ventral region of the carcasses. Neck skin collection
was faster, easier to perform, generated less waste, and was expressively cheaper than the pooled
sample collection. These results indicate that collection by neck skin excision offers several
advantages when compared to collection by excision from multiple regions of chicken carcasses,
whether ventral or dorsal.
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