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ABSTRACT

Microbiological contamination of air and carcasses was
studied in four slaughterhouses by using impactor samples taken at
the back-splitting and weighing areas and by sampling carcasses
with the swabbing method. Air flow was determined by an air-flow
detector, and the movement of workers was observed. The air
contamination level in the back-splitting areas (2.25 log CFU/100
liters of air) was generally higher than that in the weighing areas
(2.03 log CFU/100 liters of air). Associations between the microbio-
logical contamination of air and carcasses with the movements of
workers were found. Layout of the slaughtering line was shown to
be important in decreasing airborne contamination. Separation of
the clean and unclean parts of the line as well as separation of the
weighing area from the other clean parts of the line decreased the
contamination level. It appears that airborne bacteria have an
important role in carcass contamination.
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Airborne contamination of dairy plants has been consid-
ered very important by the dairy industry (6, 7, 8, 22, 23).
The air contamination level in meat plants during processing
has also been investigated (10, 16, 17, 18, 30) and the results
indicate that airborne microbes are a potential source of
microbiological contamination in meat products.

In spite of the possible role of airborne microbes in the
microbiological contamination of meat products, to the
author’s knowledge, no data have been published on the
associations between microbiological contamination of pork
carcasses and airborne bacteria during slaughtering. Further-
more, only limited information is available (3, 25) on the
associations between beef-carcass contamination and air-
borne bacteria during slaughtering. Sirami (25) found asso-
ciations between airborne bacteria and the contamination
level of beef carcasses. Airborne contamination in the beef
slaughtering hall decreased towards the weighing area and
increased towards the weekend. No changes related to
working hours were detected.
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The purpose of this study was to report the level of
airborne bacteria in pork and beef slaughterhouses as well as
to examine the association between the number of airborne
bacteria and carcass contamination level.

MATERIALS AND METHODS

Air sampling

Air samples of bacteria were taken in four slaughterhouses
(A, B, C, D) during a 2-week period at each plant. Air samples were
taken at a height from 1 to 1.5 m from the floor within 1 m of the
carcasses at the back-splitting and weighing areas of beef and pork
lines. The samples were taken by using an Andersen Two-Stage
Viable Particle Sizing Sampler (Andersen Sampler Inc., Atlanta,
GA, USA) at a flow rate of 0.0283 m*/min (/) with a sampling time
of 4 min. The sampler was cleaned prior to use according to the
method of Sveum et al. (29). Two 9-cm-diameter petri dishes
containing 20 ml of plate count agar (Difco Laboratories, Detroit,
MI, USA) were placed into the impactor. Air samples were taken
between 9 a.m. and 2 p.m. Samples taken from 9 to 11:30 a.m. were
assessed as morning samples, and those taken from 12 to 2 p.m. as
afternoon samples. When analyzing the relationship between the
airborne bacteria and carcass contamination, the level of airborne
bacteria was calculated as a mean of three consecutive determina-
tions performed from the same area.

Air flow of beef and pork lines in each slaughterhouse was
determined twice by Driiger air-current tubes (Drigerwerk AG,
Liibeck, Germany). The areas between the lairage and stunning
area and between the unclean and clean parts of the line were
studied. The clean part of the line started after skinning in the beef
line and after scalding and polishing in the pork line. This division
between the unclean and clean parts of the line was determined
according to Snijders et al. (26).

Carcass sampling

Carcasses were sampled after slaughter at weighing before
chilling in the same four slaughterhouses. In order to avoid
variation in the swabbing technique all samples were taken by the
same person. Samples were taken from the neck and abdomen of
pork carcasses and from the brisket and shoulder of beef carcasses.
The samples were taken by the moisture swab technique of Lasta
and Fonrouge (/3), using a sampling area of 25 cm?; the first
dilution volume was 25 ml (dilutions were made in physiological
saline). Six to 10 pork and beef carcasses were sampled daily. In
slaughterhouse A, 12 pork carcasses, in B, 16 pork and 22 beef, in
C, 20 pork, and in D, 10 pork and beef carcasses were sampled. The
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total number sampled amounted to 58 pork carcasses and 32 beef
carcasses. Carcasses were sampled within 2 h of the air samplings.

Microbiological methods

Total bacterial counts were determined according to Rahkio
etal. (21). Final airborne bacterial counts were estimated by means
of the “positive hole™ correction (14).

Movement of workers

After sampling, the movements of workers between the clean
and unclean parts of the line were recorded on a 2-point scale as
either moving or not moving during the 15-min observation period.
Workers were observed by the same person. The number of
workers observed in the pork and beef lines of the four slaughter-
houses A, B, C, and D was 15, 24, 10, and 14, respectively. The
total number of workers observed was 63.

Statistical analysis

Statistical analyses of airborne bacteria were carried out by the
2-sample r-test and GLM (general linear model) of the Statistical
Analysis System (27). Whenever a GLM produced a statistically
significant difference for a variable, Duncan’s multiple range test
was used to perform simultaneous comparisons of the levels of the
variable. The comparisons of airborne bacteria with carcass
contamination were carried out by using Pearson’s correlation test
and Friedman's rank-order analysis of variance (28). All statistical
tests for bacterial counts were performed with log transformations.

RESULTS

Table 1 shows the airborne bacterial counts of air for the
pork and beef lines of the four slaughterhouses. When the air
contamination counts from back-splitting and weighing
areas in the pork lines were summarized and analyzed
together, the lowest mean air contamination level in a pork
line was detected at slaughterhouse B (1.8 log CFU/100
liters of air) and the highest (2.83 log CFU/100 liters of air)
at slaughterhouse C. In beef lines, the lowest air contamina-
tion level was encountered at slaughterhouse B (1.21 log
CFU/100 liters of air) and the highest at slaughterhouse A
(2.88 log CFU/100 liters of air), respectively. Air in the
back-splitting area of the pork line had the highest contami-
nation level compared to the other areas.

There were no differences between the airborne bacte-
rial counts determined in the morning (2.18 log CFU/100

TABLE 2. Regression analysis for airborne bacteria as a depen-
dent variable (R? = 0.64)

Independent Degrees of  Sum of

predictor variable freedom  squares F value P value
Sampling time 1 0.00 0.00 0939

Line 1 0.00 0.00 0.983
Sampling area 1 3.58 1734 0.000%**«
Slaughterhouse 3 33.94 5481 0.000%**
Sampling area by line 1 1.49  7.23 0.008**
Slaughterhouse by line 3 547  8.84 0.000%**

a*%¥p < ().01; ***P < 0.001.

liters of air) and afternoon (2.07 log CFU/100 liters of air) or
between pork (2.21 log CFU/100 liters of air) and beef (2.08
log CFU/100 liters of air) lines according to the regression
analysis (Table 2). The regression analysis revealed different
bacterial counts in air in the sampling areas and slaughter-
houses. Samples from the back-splitting areas (2.25 log
CFU/100 liters of air) had significantly higher bacterial
counts than those from the weighing areas (2.03 log
CFU/100 liters of air) according to Duncan’s test (P < 0.001).
Although no differences in the bacterial counts in air
between beef and pork lines were revealed by the regression
analyses, an interaction between line and area and between
line and slaughterhouse was found. According to the data in
Table 1, it may be concluded that the differences in the
airborne bacterial counts between weighing and splitting
sampling areas were greater in pork than in beef lines, while
between slaughterhouses they were greater in beef than in
pork lines.

It was found that the direction of airflow was from the
slaughtering hall to the lairage in the pork and beef lines of
all the slaughterhouses studied with the exception of slaugh-
terhouse C, where it flowed in the opposite direction.

The direction of airflow between the unclean and clean
parts of the line could not be clearly determined in most of
the lines studied. Air either flowed slowly towards the floor
or across the slaughtering line. Airflow from the clean to
unclean parts of the lines was encountered only in the pork
lines of slaughterhouses B and D.

The means of carcass contamination in different slaugh-
terhouses varied from 2.40 to 3.52 log CFU cm~2 in pork
and from 1.44 to 2.61 log CFU cm ™2 in beef carcasses. Table

TABLE 1. Airborne bacteria in two areas of beef and pork lines in four slaughterhouses

Airborne bacteria: mean log CFU/100 liters of air = SD (n)

Pork line

Beef line

Slaughterhouse Back-splitting area Weighing area

Back-splitting area Weighing area Total

A 2.24 + 52MNx“ (6) 221 = . 17n8x(7)
B 2.14 = 23my (12) 1.46 = 42mx (12)
C 3.08 = 420v (9) 2.58 = 48NX (9)
D 2.46 = .33NY (9) 1.73 = 39Mmx (8)
All 247 = 37y (36) 1.94 = 39x (36)

2.71 = .60NX (4)
1.22 + 82mx (15)
2.65 = 208 (9)
2.51 £ 628X (9)
2.04 = .64x (37)

3.01 = 27px (6)
1.21 = . 18Mx (9)
2.59 = 330x(9)
2.00 = 30n8x (9)
2.13 = 28x (33)

2.51 = 460 (23)
1.50 = .64Mm (48)
2.72 £ 410(36)
2.19 * 53N (35)
2.15 = .73 (142)

@ Means within a column followed by different letters (M, N, 0, P) and means within a row followed by different letters (X, Y) are significantly

different (P < 0.05).
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TABLE 3. Correlations between air contamination (log CFU/100
liters of air) and bacterial carcass contamination (log CFU cm™2)

Correlation (r)

Area of air sampling (n)

Area of
carcass sample  Back-splitting area ~ Weighing area Both areas
Pork
Neck 0.718 (4) 0.929 (7)y**2  0.799 (7)*
Abdomen 0.738 (4) 0.747 (7) 0.594 (7)
Both sites 0.655 (8) 0.810 (14)**  0.683 (14)**
Beef
Shoulder 0.888 (4) 0.949 (4)* 0.926 (4)
Brisket 0.736 (4) 0.909 (4) 0.818 (4)
Both sites 0.780 (8) 0.890 (8)** 0.837 (8)**
All 0.786 (16)** 0.816 22)**  (0.791 (22)**

a*p < 0.05; **P < 0.01.

3 shows the correlations between air and carcass contamina-
tion. Contamination levels of both pork and beef carcasses
were clearly associated with airborne contamination level,
especially that in the weighing area. Contamination of pork
neck and beef shoulder appeared to be more clearly associ-
ated with the bacterial counts in the air than the contamina-
tions of abdomen in pork and brisket in beef carcasses.

Table 4 gives the mean ranks of four slaughterhouses by
air and carcass contamination. According to the results, the
mean bacterial counts in the air and on carcasses ranked each
slaughterhouse similarly.

Movement of workers between the unclean and the
clean parts of the line was especially observed on the pork
line of slaughterhouse C and the beef line of slaughterhouses
A and D. Levels of pork-carcass contamination found in
slaughterhouses where workers moved between different
parts of the line (A and C) and in those where they did not
(B and D) are shown in Table 5. Pork carcasses had
significantly (P < 0.05) higher contamination levels in those
slaughterhouses where workers moved between different
parts of the line. The same result was observed for beef
carcasses.

TABLE 4. Mean ranks of air contamination and microbiological
contamination of carcasses in four slaughterhouses

Mean contamination rank®

Slaughterhouse Air Carcass Air and carcass
A 33 3.3 11.4
B 1.0 1.0 1.0
c 3.5 35 12.3
D 23 20 5.0

Significance of Friedman’s test 0.02 0.14 <0.001

4 The four slaughterhouses” mean ranks have theoretical values
from | to 4 in the case of air or carcass contamination (1 to 16 for
air AND carcass). A value of 4 (16) means that the slaughterhouse
had the highest level of the type of contamination indicated (air,
carcass, or air and carcass) according to all samples of that type.

TABLE 5. Bacterial counts on pork carcasses according to
frequency of workers’ movement between unclean and clean parts
of line in the slaughterhouses

Mean bacterial counts = SD
(log CFU ¢m?)“ on:

Movement in Pork
slaughterhouses A, B, C, D samples (n) Neck Abdomen
No movement (B, D) (26) 2.55 = .694 281 + .65A

Some movement (A, C) (32) 3.76 = 498 3.34 + 398

@ Means within a column followed by different letters are signifi-
cantly different (P < 0.05).

DISCUSSION

Mean airborne bacteria in the back-splitting areas of
pork lines were higher than those in the weighing areas of
those slaughterhouses (B, C, and D) with long distances
between back-splitting and weighing areas for pork. The
back-splitting and weighing areas of slaughterhouse A were
in very close proximity in both the pork and beef lines. The
overall bacterial level of 2.47 log CFU/100 liters of air of the
back-splitting areas for pork is close to the levels that Kotula
et al. (/1) and Kotula and Emswiler-Rose (/0) found in the
evisceration area for pork carcasses. The comparatively high
level in the back-splitting compared to the weighing area
may be due to bacterial transport to the splitting area via
airflow from the unclean parts of the lines, in addition to the
water and bacteria spread by cutting saws.

According to the present results, the direction of airflow
affects air contamination. The airflow between the lairage
and slaughtering hall was well directed in all slaughter-
houses except for the pork line of slaughterhouse C, which
had the highest air contamination level. The lowest air
contamination level in weighing areas compared to back-
splitting areas was found in the pork lines of slaughterhouses
B and D, where the airflow direction was from the clean to
the unclean parts of the pork lines. Obviously, the line layout
and the airflow direction affect the air contamination level.

A strong association between carcass and air contamina-
tion was observed in the present study. Air is an important
bacterial vehicle in slaughterhouses and the present results
confirm the assumption of Knudson and Hartman (9) that
airborne bacteria can cause contamination during slaughter.
The hide or skin of slaughtered animals has been thought to
be the source of airborne bacteria in slaughterhouses (3, 20,
25), or a source of carcass bacteria (19, 24). Airborne
bacteria likely originates from the fur or skin of the animals
in lairages or in the unclean part of the line. In the absence of
any precautions such as corners, walls, or other means of
separation, these bacteria may be moved by the airflow into
the clean areas and thus contaminate dehided beef and
singed and polished pork carcasses.

The movement of personnel between the clean and
unclean parts of the lines appears to be associated with
higher carcass contamination level. Frequency of movement
was highest in the pork line of slaughterhouse C, where the
pork carcasses had the highest contamination level. In beef
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lines the highest frequencies of movement occurred in
slaughterhouses A and D, where the contamination level of
beef carcasses was the highest. However, on the basis of the
findings of this study it is not possible to conclude whether
such movement has a direct impact on contamination. The
need for frequent movement by personnel is probably due to
generally poor line design, which in turn can lead to
contamination. Lines with high air-contamination levels had
inadequate constructional barriers for the separation of the
unclean and clean parts. In slaughterhouse A the pork line
was parallel to the beef line until evisceration. Furthermore,
there were no walls or other barriers between the clean and
the unclean parts of the lines. In slaughterhouse C the lines
were on opposite sides of the slaughtering hall and separated
by a wall until weighing. The clean part of the beef line
began after the wall turned a corner, whereas in the pork line
there was no corner or other barrier between the unclean and
clean parts. In slaughterhouse D, the lines were separated up
to evisceration by a wall which also separated the clean and
unclean parts of the pork line. The beef line had no barriers
or other obstacles between the unclean and clean parts of the
line. All the lines in slaughterhouse B were completely
separated. In addition, separation of the unclean and clean
parts was the best and the movement of workers between the
parts the least frequent. The importance of separating the
clean and unclean parts of the line has long been emphasized
(2, 12, 26). Kotula and Kinner (/2) proposed that by use of
walls and other separation methods, areas of low and high
bacterial counts can be created in poultry plants. Ellenbroek
(2) stated that faulty air conduction can destroy the separa-
tion of clean and unclean parts during the poultry-
slaughtering process.

The airborne bacterial count may also offer an alterna-
tive method for contamination control of carcasses in
slaughterhouses. Several authors have criticized the current
methods of carcass sampling and suggested the need for the
development of more practical, suitable, and rapid methods
for this control (4, 5, 13, 15). Although taking air samples
requires special equipment, it is a more convenient and
time-saving procedure than carcass sampling. Personnel
performing the sampling need not touch the carcasses, nor
stop or disturb the line. The use of counts of airborne
bacteria for the evaluation of contamination level of car-
casses will require further research. However, surface samples
as indications of hygiene are very important, because the
pathogenic bacteria due to slaughtering errors and fecal
contamination can be measured by carcass-surface sampling.
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