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Abstract

This study has been performed to measure the prevalence and microbial flora on chicken slaughtering as well as the pro-

cessing process from the months of October to November. Whole-chicken rinsing technique was used in order to analyze

the incidence of microorganisms on chicken carcass at the stage before chilling (after evisceration), after chilling and after

cutting. The swab technique was used on processing the processed samples, such as working plates and cutting knives. Brine

and cooling water from four cooling tubs were taken from each processing processes and were used as samples. Further-

more, the matrix-assisted laser desorption/ionization mass spectrometry (MALDI MS) for whole cell fingerprinting in com-

bination with a dedicated bioinformatic software tool was used to identify the isolated microorganisms. Of the tested

samples and processes, brine (4.50±0.64 Log CFU/mL) and chicken carcass before chilling (4.15±0.46 Log CFU/mL)

showed the highest population of microorganisms; the predominant microbial flora of them were Moellerella wisconsensis

(54.84%), a member of the Enterobacteriaceae family, and Escherichia coli (60.36%), respectively. However, the predom-

inant microbial flora of cut carcass was changed to Staphylococcus aureus (27.32%), which is a kind of pathogenic micro-

organism that can cause a food-borne illness. Therefore, the slaughtering and processing procedure of chicken are needed

to be controlled more hygienically.

Key words: chicken slaughtering, aerobic bacteria, microbial flora, MALDI-TOF MS

Introduction

The microbiological status of processed poultry car-

casses has been reported to be dependent on several key

factors, such as the level of contamination from live

birds, numbers and genera of pathogenic or indicator

organisms introduced at pre-harvest phases, and the

extent of occurrence of contamination and cross-contam-

ination during processing (Abu-Ruwaida et al., 1994).

The control of contamination during slaughter and pro-

cessing has been identified as critical in relation to the

prevalence of pathogenic microorganisms on end prod-

ucts (Mead et al., 1993). The mechanisms by which con-

tamination occurs during processing, other than immersion

in scald and chill waters, have been described by Schuler

and Badenhop (1972) and Carson et al. (1987), who dem-

onstrated carcass-carcass and equipment-carcass contacts

to be significant routes in the spread of pathogenic organ-

isms. Upton (1996) noted that the extent to which con-

tamination occurred on carcasses and the composition of

the resulting flora reflected the hygiene standards at pro-

cessing level, together with the initial microbiological sta-

tus of the animal. Smoot and Pierson (1997) regarded the

application of microbiological criteria using indicator

organisms as useful for foods such as poultry which were

repeatedly implicated in food borne disease outbreaks, as

the presence of certain organisms indicated the possibility

of occurrence of microbiological hazards. The potential

microbiological hazards in meat products cannot be

assessed nor demonstrated reliably with the use of accept-

able levels based on total counts or indicator organisms

(Brown and Baird-Parker, 1982). However, the analysis

of foods of animal origin for the presence or levels of

generic Escherichia coli has been widely accepted as an

indicator of faecal contamination, while failure to detect

this organism cannot guarantee the absence of other

enteric pathogens (Brown and Baird-Parker, 1982; Sil-

liker and Gabis, 1976). Total aerobic counts have been

recommended as a useful tool in the microbiological
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assessment of food safety, as high mesophilic counts (25-

37oC) may indicate unsatisfactory sanitation or the use of

heavily contaminated raw materials (Thatcher and Clark,

1968). Lillard et al. (1984) and Al-Mohizea et al. (1994)

also acknowledged the benefit of aerobic plate counts as

a criterion in assessing the hygiene of poultry processing

plants.

Developments in a number of mass spectrometry (MS)

techniques in recent years have provided opportunities to

evaluate MS for the identification of microorganisms

(Fenselau, 1994). Matrix-assisted laser desorption ioniza-

tion time-of-flight mass spectrometry (MALDI-TOF-MS)

has a number of advantages over other methods of mass

spectrometry when analyzing biological material. The

great advantage of MALDI-TOF-MS when working with

microorganisms is that intact cells can be taken directly

from a colony and analyzed within minutes. Intact cell

MALDI-TOF-MS, also known as ICM-MS, produces a

mass spectral fingerprint of moieties desorbed from the

cell surface (Claydon et al., 1996; Holland et al., 1996;

Welham et al., 1998), and therefore, has the added advan-

tage that the location of the source of ions is known. Iden-

tification by ICM-MS may relate to conventional

phenotypic identification methods of identification from

Gram staining to serotyping or phage typing (Edwards-

Jones et al., 2000), as these are dependant upon cell sur-

face components or morphology. In addition, sufficient

structural information can be obtained by ICM-MS, par-

ticularly in conjunction with post source decay, to deter-

mine the identification of the moieties produced by this

method (Leenders et al., 1999).

This study was performed to analyze the prevalence

and microbial flora of chicken slaughtering and process-

ing procedure. In addition, the study showed the possibil-

ity of analyzing the microbial flora using MALDI-TOF-

MS in combination with a dedicated bioinformatic soft-

ware tool.

Material and Methods

Collection of samples

A large scale (more than 100,000 heads per day) poul-

try slaughter house was visited 3 times to take samples of

chicken carcasses and processing processes from October

to November. Chicken carcasses of before washing (after

evisceration), after chilling and cut carcasses (15 car-

casses for each step) were taken to analyze the incidence

of microorganisms. Each chicken carcass sample was put

into a sterilized poultry rinsing bag, then sealed and kept

in ice-box for transportation to laboratory at below 4oC.

Samples of processing, such as cooling water, cutting

knife, brine and conveyor belt, were also taken into ster-

ilized tube and swab kit (Environmental swab, 3MTM,

China) and transported to laboratory at below 4oC.

Microbiological Analysis

Each carcass samples were added 400 mL of 0.1%

peptone water (Difco Laboratories, USA) and shook for

1 min. Subsequently, 40 mL of peptone water was taken

and serial 10-fold dilution was prepared by transferring

1 mL of this solution to 9 mL tubes of 0.1% peptone

water. Processing samples were took 1 mL serially

diluted in the same way and used for the microbiologi-

cal analysis.

Once samples had been prepared, the levels of total aer-

obic bacteria and E. coli were established. For total aero-

bic and E. coli counts, 1 mL volumes of relevant dilutions

were placed in duplicate plates and approximately 20 mL

of nutrient agar (Difco Laboratories, USA) were added

and allowed to solidity. Plates were incubated at 37oC for

24 h and the plates had 30 to 300 colonies were selected

for counting and screening.

Matrix and standard preparation

A HCCA matrix (α-cyano-4-hydroxy-cinnamic acid)

(Part NO., 255344, Bruker Daltonik GmbH, Germany)

was used as a saturated solution in a solvent mixture.

Before each MALDI run E. coli DH5α was measured to

serve as the positive control and calibration standard.

Known ribosomal proteins of E. coli were employed for

the task of calibration (RL36, RS22, RL34, RL33meth,

RL32, RL29, and RS19).

Mass spectrometry

The MALDI measurements were performed on a Bruker

Microflex TOF mass spectrometer (Bruker Daltonik GmbH,

Germany) equipped with a nitrogen laser. Microorganisms

were used directly from fresh colonies as follow; 1 µg of

microorganisms were put on the plate and dried in room

temperature, then 2 µL of HCCA matrix was added on

the microorganism spot and dried for analysis. The instru-

ments are fitted with a pulsed nitrogen laser (337 nm)

with a 3-ns pulse duration. Spectra were recorded in the

linear positive mode within a mass range of 2,000-20,000

Da. The initial “matrix blast” considerable increased the

quality of the spectra acquired. The acquisition of spectra

was performed both manually and automatically just

above the “desorption level” of laser energy to maximize
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the resolution of the peak pattern. A minimum resolution

of 600 had to be reached within the range of 4,000-

12,000 Da. The acquisition of spectra was performed

both manually and automatically using the Bruker flex-

Control in the autoexecute mode. The spectra were col-

lected as a sum of 10 times 50 laser shots ranged across a

target spot. Twenty independent spectra were collected

for each isolated microorganism.

Data processing using Bruker BioTyperTM and

identification of isolates

The spectra were analyzed using Bruker BioTyperTM

2.0 software, whereby raw spectra were directly handled

by the program. The spectra were subsequently smoothed

and baseline correctred. In addition to the afore-men-

tioned processes, the peaks were selected. Using peak

lists of approximate 20 spectra as a basis, a reference

peak list (the main spectrum) of each microorganism was

calculated. The threshold for peak acceptance was set at

S/N (signal to noise) of two. The spectra were aligned

with each other before the reference spectra were calcu-

lated. After alignment, peaks with an m/z (mass-to-charge

ratio) difference of less than 250 ppm were considered to

be identical.

Statistical analysis

All bacterial counts obtained from chicken slaughtering

and processing process were transformed to log
10

 values

for subsequent data analysis. Statistical analysis was per-

formed with the SAS program for Windows V9.2 (SAS

Institute, USA). General linear model (GLM) with Dun-

can's multiple range test was carried out to analyze the

significant differences among the processes (p<0.05).

Results and Discussion

The microbial counts of chicken slaughtering and

processing

The mean aerobic bacterial counts in chicken slaughter-

ing and processing procedure include chicken carcass and

cuts are shown in Fig. 1. The brine showed the highest

bacterial count (4.50±0.64 Log CFU/mL) followed by

chicken carcass before chilling (4.15±0.46 Log CFU/mL),

2nd cutting knife (3.83±0.67 Log CFU/mL) and cut carcass

(3.77±0.49 Log CFU/mL) while working plate declared

the lowest counts (0.30±0.00 Log CFU/cm2) population.

Among brine, chicken carcass before chilling, 2nd cutting

knife and cut carcass, no significant differences in the

bacterial counts were detected (p>0.05). The bacterial

counts of chicken carcass was significantly decreased

after four stage of water immersion chilling from 4.15±

0.46 Log CFU/mL (chicken carcass before chilling) to

2.50±0.36 Log CFU/mL (chicken carcass after chilling,

p<0.05), however after brine injection and cutting, the

bacterial counts were increased to 3.77±0.49 Log CFU/

mL (cut carcass, p<0.05).

Microbial flora of chicken slaughtering and pro-

cessing procedure

The microbial flora of chicken slaughtering and pro-

cessing processes analyzed by MALDI-TOF MS system

were shown in Fig. 3. There exist various kinds of micro-

organisms, 13 and 10 kinds from chicken carcasses before

and after chilling, respectively, 13 kinds from chicken

cuts, 6 kinds from brine, 7 kinds from chilling water, and

15 kinds from cutting knives. The predominant microbial

flora of chicken carcasses of before (60.36%) and after

Fig. 1. The aerobic bacterial counts of chicken slaughtering and processing process. Values represent means±SE of samples. Bars

with different superscript are significantly different (p<0.05).
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chilling (34.27%) was Escherichia coli (Fig. 3a and b).

However, after cut the chicken carcass, the predominant

microbial flora was changed to Staphylococcus aureus

(27.32%, Fig. 3c). In the brine, which showed the highest

population of aerobic microorganism, the predominant

microbial flora was Moellerella wisconsensis (54.84%), a

member of the Enterobacteriaceae family. E. coli is known

as a major indicator microorganism of fecal contamina-

tion and S. aureus is a kind of pathogenic microorganism

that can cause a food-borne illness. In this study, it was

not analyzed the amount of E. coli and S. aureus. How-

ever, they are widely spread in the chicken slaughtering

and processing processes and the ratios of them were rel-

atively higher than other microorganisms in the microbial

Fig. 2. Typical matrix-assisted laser desorption/ionization (MALDI) fingerprint spectra of several isolated microorganisms. a,

Acinetobacter junii; b, Aeromonas hydrophila; c, Citrobacter brakii; d, Escherichia coli; e, Hafnia alvei; f, Pseudomonas putida;

g, Stephylococcus aureus; h, Staphylococcus sciuri



Microorganisms in Chicken Processing Procedure 767

Fig. 3. Microbial flora of chicken slaughtering and processing process. a, chicken carcass (before chilling); b, chicken carcass (after

chilling); c, chicken cuts; d, brine; e, chilling water; f, knives
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flora. Therefore, the slaughtering and processing proce-

dure of chicken are needed to be controlled more hygien-

ically.

Conclusion

This study has provided the possibility of MALDI-TOF

MS for a rapid, comparatively cheap and reliable identifi-

cation of bacterial isolates from chicken slaughtering and

processing process. Additional study with MALDI-TOF

MS, coupled with corresponding phylogenetic analysis,

may allow better insight in the spread of microorganisms

within the chicken slaughtering process.
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