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PAULO SÉRGIO DE ARRUDA PINTO, AND LUÍS AUGUSTO NERO*
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ABSTRACT

The type of sampling technique used to obtain food samples is fundamental to the success of microbiological analysis.

Destructive and nondestructive techniques, such as tissue excision and rinsing, respectively, are widely employed in obtaining

samples from chicken carcasses. In this study, four sampling techniques used for chicken carcasses were compared to evaluate

their performances in the enumeration of hygiene indicator microorganisms. Sixty fresh chicken carcasses were sampled by

rinsing, tissue excision, superficial swabbing, and skin excision. All samples were submitted for enumeration of mesophilic

aerobes, Enterobacteriaceae, coliforms, and Escherichia coli. The results were compared to determine the statistical significance

of differences and correlation (P , 0.05). Tissue excision provided the highest microbial counts compared with the other

procedures, with significant differences obtained only for coliforms and E. coli (P , 0.05). Significant correlations (P , 0.05)

were observed for all the sampling techniques evaluated for most of the hygiene indicators. Despite presenting a higher recovery

ability, tissue excision did not present significant differences for microorganism enumeration compared with other nondestructive

techniques, such as rinsing, indicating its adequacy for microbiological analysis of chicken carcasses.

Systematic analysis of hygiene indicator microorgan-

isms is a basic precept of various food quality control

programs, such as hazard analysis and critical control

points, which monitor hygienic conditions throughout the

food chain (13). In particular, assays for specific groups

of microorganisms might indicate the potential presence

of pathogens, highlighting their importance in adequate

contamination control and ensuring the safety of the final

products (3, 8, 20).
A critical factor affecting the accuracy of microbiolog-

ical data from animal carcasses is selection of an appropriate

sampling procedure (18, 22). Various techniques can be

adopted by food industries and official inspection agencies

and are usually classified as either destructive or nonde-

structive (3). For chicken carcasses, several sampling

procedures have been evaluated (3, 4, 7, 10, 11, 13, 21),
and a destructive procedure (tissue excision) has been

reported to be more accurate for defining microbiological

contamination levels (9, 19). This procedure has been

adopted by Brazilian inspection agencies for the analysis of

chicken carcasses and avian products (2).
In contrast, food industries tend to adopt nondestruc-

tive procedures in order to maintain the integrity of the

carcasses, thereby preserving its natural characteristics and

allowing for the commercial production of specific cuts. For

instance, avian industries usually adopt the carcass rinsing

sampling procedure to evaluate microbiological contamina-

tion during slaughtering and in the final products. This

procedure has also been adopted by the U.S. Department of

Agriculture, Food Safety and Inspection Services (USDA/

FSIS) (23) for detection of Salmonella spp. and Escherichia
coli in chicken. Some studies have reported that nonde-

structive sampling is less effective at recovering specific

microorganisms, possibly resulting in an underestimation

of the real level of microbiological contamination during

quality control and leading to potential safety risks (10, 11).
Several sampling procedures, including rinsing and

superficial swabbing, have been developed to evaluate

microbiological contamination in chicken carcasses (3). In

general, inspection agencies consider destructive sampling

procedures to be official, and these agencies do not accept

microbiological results obtained by other sampling proce-

dures. Because this official testing is performed on the end

products, it is necessary to evaluate the possible differences

among distinct sampling procedures in chicken carcasses

available to consumers.

For a proper comparison between microbiological data

obtained by distinct sampling techniques, it is necessary to

establish correlations among them (3). Results from this

direct comparison can be used as a reference when choos-

ing which procedure is most suitable for microbiological
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monitoring of animal carcasses, by taking into consideration

the product characteristics and the quality and safety goals

of a particular industry or even an entire country (10). The

aim of this study was to compare destructive (tissue excision

and skin excision) and nondestructive (swab and rinsing)

sampling methods used in poultry carcasses for the

enumeration of hygiene-indicator microorganisms.

MATERIALS AND METHODS

Chicken carcasses and sampling procedures. A total of 60

refrigerated chicken carcasses available for retail sale were bought

from commercial establishments in Viçosa and the surrounding

area in Minas Gerais, Brazil. Each carcass was purchased in its

original packaging and kept refrigerated (4uC) until laboratory

analysis (no more than 2 h after collection).

The tested sampling procedures were conducted according the

recommendations by Capita et al. (3). Under aseptic conditions,

each carcass was divided into equal halves along the section of the

spinal column with a sterile knife. One half was used to obtain a

nondestructive sample by rinsing, according to a method modified

from the USDA/FSIS protocol (23). Each half-carcass was

transferred to a sterile bag and weighed, and an equal volume of

sterile buffered peptone water (0.1%; Oxoid Ltd., Basingstoke,

England) was added. The half-carcass was then rinsed with rocking

motion for 5 min, while ensuring that all surface areas were

covered by the rinsing solution. Then, the carcass was aseptically

removed, and the liquid was drained into the bag.

The other half of the carcass was sampled by two destructive

techniques (tissue excision and skin excision) and a nondestructive

technique (superficial swabbing). Breast and dorsal portions of this

half-carcass were divided into six defined areas of 25 cm2 (5 by

5 cm) with sterile molds, which were used as references for

obtaining samples by the procedures evaluated in this study. To

obtain samples for each procedure, two areas were randomly

selected from the half-carcass (Fig. 1).

Two of the selected areas were swabbed (swabbing techni-

que, nondestructive) using sponges (7 by 4 by 4 cm, without

antimicrobial agents and obtained from local stores, previously

sterilized and moistened with 5 ml of 0.1% buffered peptone water

[Oxoid]), which were then transferred to sterile bags. Then, 45 ml

of 0.1% buffered peptone water (Oxoid) was added to each bag,

and the bags were homogenized in a stomacher.

For tissue excision (destructive), skin fragments and muscular

tissue were removed from the selected areas of the half-carcass

with a sterile scalpel and calipers, and these portions were

transferred to sterile bags with a total weight of 25 g. Then, 225 ml

of 0.1% buffered peptone water (Oxoid) was added, and the

mixture was homogenized in a stomacher.

For skin excision (destructive), skin portions were removed

with a sterile scalpel and calipers from selected areas, transferred to

sterile bags containing 50 ml of 0.1% buffered peptone water

(Oxoid), and homogenized with a stomacher.

The resulting solutions obtained by all sampling techniques

were 10-fold diluted with 0.1% buffered peptone water (Oxoid)

and used for enumeration of hygiene indicator microorganisms.

Only the resulting homogenate from tissue excision was con-

sidered as a 1:10 dilution.

Enumeration of hygiene indicator microorganisms. The

dilutions obtained by the above four sampling procedures from

each chicken carcass were plated on Petrifilm (3M Microbiology,

St. Paul, MN) for enumeration of different groups of hygiene

indicator microorganisms. Aerobic mesophiles were enumerated

on Petrifilm aerobic count plates incubated at 35 ¡ 1uC for 48 ¡

3 h. The resulting red colonies were counted. For the enumeration

of Enterobacteriaceae, Petrifilm Enterobacteriaceae was used,

incubated at 35 ¡ 1uC for 24 ¡ 2 h. The resulting yellow colonies

that formed (with or without gas production) were counted.

Coliforms and E. coli cells were enumerated using Petrifilm

Escherichia coli plates incubated at 35 ¡ 1uC for 24 ¡ 2 h.

Colonies with gas production were enumerated as coliforms, and

blue colonies with gas production were enumerated as E. coli. All

results were expressed in CFU per gram (for tissue excision) or

milliliter (for the sample homogenate obtained by rinsing, skin

swabbing, and skin excision) of the sample homogenate obtained

by the distinct sampling techniques.

Data analysis. All the microorganism counts were converted

to a log scale and were evaluated for normality and homogeneity.

Values were compared by the Kruskal-Wallis (P , 0.05) method

for evaluation of significant differences between the sampling

techniques, with pairwise comparisons performed using a Mann-

Whitney U test (P , 0.05). In addition, the counts obtained by

each sampling technique were compared using a Spearman

correlation (P , 0.05). All statistical analyses were performed

using Statistica 7.0 (StatSoft Inc., Tulsa, OK) and XLSTAT

2009.1.02 (Addinsoft USA, New York, NY) software.

RESULTS AND DISCUSSION

In general, minor differences between the tested

sampling procedures of chicken carcasses were observed

(Table 1). Tissue excision was the procedure that was able

to recover the highest counts of hygiene indicator micro-

organisms when compared to all other methods, as observed

in other studies (3, 12).
Despite the small differences between the observed

counts, the obtained data were analyzed to verify the

significance of these differences (Table 1). Tissue excision

was able to recover the highest counts of microorganisms

but was statistically higher than all the other techniques for

enumeration of coliforms and E. coli only. Interestingly, for

mesophilic aerobes and Enterobacteriaceae, tissue excision

was not statistically superior to rinsing, a nondestructive

method. Similar to the results presented here, several studies

have reported that tissue excision sampling yields the

highest recovery of hygiene indicator microorganisms (12,
15, 17).

FIGURE 1. Front (A) and dorsal (B) view of a chicken carcass
demonstrating the division in two halves (dotted line in the middle
of carcass), one half being reserved for rinsing, and the definition
of six areas (dotted line squares) to obtain the samples by tissue
excision, skin excision, and skin swabbing.
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These results might be due to the ability of certain

microorganisms to associate with carcass tissues, requiring

the use of destructive methods to ensure adequate enu-

meration (3, 12). However, some studies have concluded

that rinsing is the most efficient technique for sampling

microorganisms present at low levels, such as E. coli (11,
24). Another factor that may compromise the efficiency of

microorganism enumeration from a sample is the homo-

genization step. Ideally, this step should be standardized

and performed using equipment suitable for the pur-

pose. However, homogenization equipment is impractical

for some samples and sampling protocols (e.g., rinsing)

and requires direct sample manipulation by analysts, which

could affect the recovery of some microbial groups (21).
The similar efficiencies of tissue excision and rinsing for the

enumeration of aerobic mesophiles and Enterobacteriaceae
(Table 1) indicate the viability of using the nondestructive

rinsing method for the recovery of these groups of micro-

organisms from poultry carcasses (3).
Skin swabbing and skin excision were equally effective

for the enumeration of all groups of examined microorgan-

isms (Table 1). However, these procedures were significantly

different for both rinsing and tissue excision. Despite being

widely used in scientific studies and official protocols,

sampling methods that test only the surface contamination of

carcasses have some limitations (6, 19, 25). The relative

effectiveness of superficial swabbing at removing attached

microorganisms depends on the nature of the material used

for sampling, and the use of more abrasive swabbing

materials is regarded as the best option (9). Other studies

suggest that swabbing produces inconsistent results, likely

caused by the presence of antimicrobial residues on sampling

sponges or even differences between homogenates (5, 7, 16).

In order to allow direct comparisons between the

evaluated sampling procedures, the data were correlated

(Table 2). This analysis was conducted to verify the sig-

nificance levels of the possible comparisons between samp-

ling techniques, enabling adequate analysis of microbiological

data obtained by distinct procedures. In most comparisons,

the observed correlations were significant (with the excep-

tion of E. coli enumeration by tissue and skin excision

sampling). Despite the large number of studies in the

literature that compare different sampling protocols for

animal carcasses (4, 10, 11, 17), the establishment of such

correlations is often hampered by the large number of

variables that influence results obtained by different me-

thods (1, 3, 15). Hutchison et al. (14) did not find a linear

relationship between microbiological counts of animal car-

casses sampled by skin swabbing and tissue excision, and

they observed a nonuniform distribution of microorganisms

in the analyzed carcasses (bovine, ovine, and swine). Thus,

the correlations presented here should be an important

reference for the food industry when choosing the optimal

protocol to be adopted for quality control and security.

Furthermore, the established correlations allow the selec-

tion of an adequate sampling technique, considering issues

of practicality, economic feasibility, or even professional

training of analysts.

The results reported herein demonstrate that among the

various microbiological sampling methods for chicken carcass-

es, tissue excision showed a better performance in recovering

hygiene indicator microorganisms. However, the observed dif-

ferences are considered minor, and despite being significant

in specific comparisons (P , 0.05), the 0.5 to 1.0 log range

between the counts indicates similarities. This information

should provide an important reference for government agencies

TABLE 1. Statistical parameters of hygiene indicator microorganisms counts from 60 fresh chicken carcasses analyzed by distinct
sampling procedures

Hygiene indicator

microorganism group Sampling procedure

Statistical parametersa

Statistical analysisbMean Min Max Median (Q1–Q3)

Mesophilic aerobes Rinsing 5.3 3.0 6.7 5.3 (5.0–6.1) ABC H ~ 8.1

Tissue excision 5.6 4.0 7.2 5.4 (5.0–6.2) A P ~ 0.04

Skin excision 5.1 3.3 6.6 5.2 (4.5–5.9) B

Skin swab 5.1 3.0 6.6 5.2 (4.5–6.0) BC

Enterobacteriaceae Rinsing 3.9 2.0 5.5 3.9 (3.5–4.5) ABC H ~10.0

Tissue excision 4.2 2.0 6.3 4.2 (3.6–4.6) A P ~ 0.02

Skin excision 3.8 2.0 5.5 3.8 (3.3–4.2) B

Skin swab 3.8 2.0 5.6 3.5 (3.1–4.5) BC

Coliforms Rinsing 2.7 1.5 4.2 2.6 (2.2–3.1) B H ~ 35.7

Tissue excision 3.1 2.0 4.5 3.0 (2.7–3.6) A P ~ 0.00

Skin excision 2.6 1.0 3.9 2.6 (2.1–3.0) BC

Skin swab 2.4 1.0 4.0 2.3 (2.0–2.8) C

E. coli Rinsing 2.3 1.0 3.8 2.3 (1.9–2.7) B H ~ 26.6

Tissue excision 2.7 2.0 3.8 2.6 (2.3–3.1) A P ~ 0.00

Skin excision 2.2 1.0 3.4 2.2 (1.7–2.6) BC

Skin swab 2.0 1.0 3.7 2.0 (1.6–2.3) C

a Values are in log CFU per gram (tissue excision) or milliliter (rinsing, skin excision, and skin swab). Q1, lower quartile; Q3, upper

quartile; Min, minimum; Max, maximum. For each group, median (Q1 to Q3) values followed by different letters indicate significant

differences by Mann-Whitney U test (P , 0.05).
b H, Kruskall-Wallis test value; P, level of significance (for each hygiene indicator microorganism group).
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and the food industry in establishing appropriate protocols for

sample collection and allowing for direct comparison of

results obtained from different sampling procedures.
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