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Abstract

In the highly automated processing in broiler abattoirs, some process steps reduce the bacterial counts and inactivate or
remove pathogens, while others can lead to an increase. The present study compared the reduction of Enterobacteria-
ceae counts (EBCs) on breast skin samples in 3 broiler abattoirs using different scalding techniques: (A) conventional
immersion scalding (360 s), (B) conventional immersion scalding with thermal treatment of the water (204 s), and (C)
the AeroScalder® using hot, humid, saturated air as the scalding medium (360 s in air). In 3 commercial broiler abattoirs
in Germany and The Netherlands, a total of 320 breast skin samples per abattoir (before and after scalding, after pluck-
ing, before and after chilling) and water samples from the scalders were taken and examined for EBC. After scalding,
a significant EBC reduction by 0.7 log was determined only for the conventional immersion scalder (Abbatoir A); the
reductions of the other 2 scalders were 0.1 log (Abattoir B) and 0.2 log (Abattoir C) and not statistically significant. The
EBCs after scalding differed by up to 0.5 log cfu/g when the 3 scalders were compared, and these counts can be seen as
similar. For all 3 abattoirs, the largest EBC reductions (p<0.001) of 2.8 to 3.6 logs were found after plucking. Compared
to the immersion scalders, EBCs in water samples were lowest in those taken from the AeroScalder®. Hence, we con-
clude that the conventional immersion scalders and the AeroScalder® reduced EBCs in a comparable manner. However,
the greatest reductions in EBCs were seen after the plucking steps in the studied abattoirs, not after the scalding as such.
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1 Introduction

Broilers when entering slaughter facilities carry on their
feathers bacteria that originate from fecal contamination
(Goksoy et al. 2004; Kotula and Pandya 1995; Seliwiorstow
et al. 2015). A reduction of bacterial load can be seen after
several mainly automated processing steps, so the risk of
cross-contamination is lowered throughout the process, but
cannot be excluded in total (Althaus et al. 2017; EFSA 2012;
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Goksoy et al. 2004; Kotula and Pandya 1995; Lillard 1990;
Mead 2004). After entering the abattoir, the processing line
for broilers starts with stunning and bleeding followed by
scalding. This processing step is necessary to facilitate the
plucking by loosening the feathers in the feather follicles
(Gotze 1979; Singh and Rama 2017). Today, scalding tem-
peratures between 50 and 65 °C, depending on the chilling
system in place, are used (Lohren 2012; Singh and Rama
2017). This encompasses scalding regimes that operate with
water temperatures between 51 and 55 °C.

The traditional scalding principle is based on convection,
which means that the carcasses are in direct contact with
the scalding water, and the temperature on the carcass’ sur-
faces is the same as that of the scalding water. Conventional
scalding tanks are constructed with several chambers, and
the carcasses are pulled upside down through the hot water
scalding tank in countercurrent principle. This means that
the carcasses are pulled in one direction and the scalding
water in the other direction while fresh water is added con-
tinuously in the last scalding tank (Lohren 2012). One reason
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for this is water replacement after its continuous losses via
animals’ feathers (Fries et al. 2001). In addition, the intro-
duction of fresh water has the advantage that the microbial
load of the scalding water is minimized by a dilution effect.
Therefore, the water is usually introduced in the last scald-
ing tank and transported to the beginning in countercurrent
to the process line. Thus, the microbial load is lowest in the
last scalding tank (Cason et al. 2000; Heemskerk 2005),
resulting in lower microbial loads of water remaining in the
feathers of the scalded broilers (Lohren 2012).

A new scalding technique based on condensation is the
so-called AeroScalder® (Marel, The Netherlands), which
utilizes hot, humid, saturated air. The surface temperature
is controlled by the dew point that protects the product from
epidermal damage and cooking. The AeroScalder® consists
of 2 chambers, the air conditioning chamber and the scald-
ing chamber. In the first chamber, the air is moisturized and
warmed up to 57 °C. The hot moisturized air is led into the
scalding chamber and blown at high velocity onto specific
parts of the product between the feathers to reach the feather
follicles. The water in vapor phase contained in the satu-
rated air condenses at the colder carcass surface. This results
in a local drop of the dew point and similar temperatures
on the surface as in low scalding regimes operating with
temperatures ranging from 51 to 55 °C. In contrast to tra-
ditional scalding, the AeroScalder® is designed to actively
direct the air onto the parts of the carcasses where the feath-
ers are more difficult to pluck. The air is re-circulated and
re-conditioned in the air conditioning chamber and used
again (Anonymous 2021; personal communication Ricardo
Hernandez Arrondo 2023).

However, the microbial load of the feathers and the sur-
face of the broiler carcasses must be considered. On the
one hand, plucking leads to a reduction of the microbial
load by removing the feathers (Buess et al. 2019; Stephan
2014; Zweifel et al. 2015). On the other hand, it can lead to
recontamination from the plucking fingers, from the water-
air-mixture used (Svobodova et al. 2012), and from release
of feces during this processing step (Berrang et al. 2001;
Heemskerk 2005). To counteract this, an outside washer can
be installed after plucking (Buess et al. 2019; Puolanne and
Ertbjerg 2014) to reduce the microbial load of the carcasses
before they enter the evisceration line (Buess et al. 2019).
After plucking, the next steps of the processing line nor-
mally include opening of the carcasses, evisceration, trim-
ming, and inside-outside washers before the carcasses enter
the chilling area (Puolanne and Ertbjerg 2014). In general,
only slight changes in the microbial loads were achieved
by these processing steps (Buess et al. 2019; Zweifel et al.
2015).

Several studies have investigated changes in microbial
loads at different steps, which can represent the process
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hygiene in broiler abattoirs. Some of them used EBCs as
an indicator of fecal contamination and showed reductions
after scalding and after plucking (Althaus et al. 2017; Ber-
rang and Dickens 2000; Goksoy et al. 2004; Pacholewicz
et al. 2015a). However, plucking can also result in an EBC
increase (Abu-Ruwaida et al. 1994). For Campylobacter, it
can result in an increase, a stable situation, or a reduction,
depending on the abattoir and the incoming flock (Althaus
et al. 2017; Pacholewicz et al. 2015a, b, 2016; Seliwiorstow
et al. 2015). All these studies described immersion scalding
being in use in the participating broiler abattoirs, but not all
used counterflow scalders, and the scalding temperature was
not always mentioned. Additionally, not all studies started
sampling for process control before scalding, so the incom-
ing microbial loads were not determined. The scalding tech-
nique as such was not the focus of these studies. However,
it can be assumed that different scalding techniques could
produce a range of impacts on the microbial loads, and so
could result in different loads in the post-scalding process-
ing steps; this would result in different process hygiene at
the end of the slaughter line.

Since the scalding water can act as vector for cross-con-
tamination, we analyzed the impact of conventional immer-
sion scalders and the AeroScalder® used in commercial
broiler abattoirs on the EBC on broiler carcasses from the
beginning of the slaughter lines to their end after chilling.

2 Material and methods

2.1 Slaughterhouse practices and scalding
techniques in the abattoirs

The study was conducted at 3 commercial abattoirs located
in Northwestern and Eastern Germany and in the Nether-
lands. All 3 abattoirs were large-scale abattoirs with line
speeds of 10,000 birds/h (Abattoir C) or 13,500 birds/h
(Abattoirs A & B). Stunning of live birds was conducted
with CO, in all 3 abattoirs. The scalders each operated in
a low scalding regime, so the scalding temperature ranged
between 51 and 55 °C for all scalders but the scalding
techniques differed. In Abattoir A, a conventional immer-
sion scalder with 2 scalding tanks using the counterflow-
principle and a scalding time of approx. 360 s was used.
Abattoir B operated a conventional immersion scalder with
3 tanks and thermal treatment of the re-used scalding water,
operating in counterflow-principle with an approximate
scalding time of 204 s. In Abattoir B, the scalding water
was taken from the second scalding tank, thermally-treated
at 71-74 °C, then reintroduced into the third scalding tank.
The scalding water in this tank was kept at a stable tempera-
ture of 52-54 °C. Abattoir C used an AeroScalder® with a
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Table 1 Overview of technical and equipment data of the abattoirs

Parameter Abattoir A Abattoir B Abattoir C
Slaughter capac- 13,500 10,500 birds/h 13,500 birds/h
ity per hour birds/h
Stunning CO, CO, Co,
Scalding conven- conventional AeroScalder®
technique tional immersion

immersion  scalder with

scalder with thermal treat-

tanks ment of the

scalding water
Scalding 51-55°C 52-54°C not appli-
temperature cable (please see
Sect. 1)

Scalding time 360 s 204 s approx. 360 s
Plucking time approx. 60s 63 s approx. 60 s
Chilling air chill- air chilling air chilling
technique ing with with TopKip-  approx.3 h

pre-chilling Chilling before 50 min

in chilling  approx. 2 h

chamber 20 min

approx. 2 h

50 min

scalding time of around 360 s (Table 1). The following pro-
cessing steps including plucking, opening of the carcasses,
and evisceration, as well as the washing-steps before chill-
ing were similar in all 3 abattoirs (Fig. 1).

2.2 Sampling

Samples were taken between May 2016 and February
2018, resulting in 2 summer and 2 winter sampling periods
with 24 sampling dates in total. On each sampling date, 2
flocks were randomly chosen at the abattoir for sampling.
At the end, 48 flocks were included. The birds sampled for
the study were 39—41 days old and had an average slaugh-
ter weight of 2.57 kg. Sampling took place at 5 different
sampling points at the slaughter line: before scalding, after
scalding, after plucking, before chilling, and after chilling.
At each sampling point, breast skin samples without feath-
ers from 4 randomly chosen carcasses from each flock were
taken. For this, an abattoir employee took a carcass out of
the processing line and held it head down without contact-
ing the carcass’ surface. For sampling, the breast skin was
grasped in the center of the breast with sterile forceps and
was gently pulled off a little from the carcass. Using a sterile
scalpel, incisions were then made carefully along imaginary
lines surrounding the area to be sampled (Fig. 2) and behind
the skin to excise only the skin. This sampling aseptically
removed all the breast skin on the carcass. Each sample was
placed in an individual sterile blender bag with lateral fil-
ter for volumes up to 400 mL (VWR International GmbH,
Darmstadt, Germany) and cooled immediately to 4 °C. After
sampling of the second flock, all samples were transported
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}
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unloading

shackling

CO,-stunning

shackling

’ electrical stunning ‘

bleeding
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Fig. 1 Overview of the meat production line for broilers from the farm
to the end of the processing line at the abattoir. Sampling points are
indicated by a star

at 4 °C to a laboratory in Berlin and were stored in a refrig-
erator that maintained a temperature of around 4 °C until the
next morning when the laboratory work started. In total, 320
breast skin samples per abattoir were taken, meaning that 64
samples per sampling point were included in the laboratory
analysis.

Additionally, 114 scalding water samples (n=36 in Abat-
toir A, n=46 in Abattoir B, and n=32 in Abattoir C) were
taken with sterile 15 mL tubes (Carl Roth GmbH & Co. KG,
Karlsruhe, Germany) after sampling the respective flock,
but within the time birds from the sampled flock were pass-
ing through the scalder. At Abattoir A, superficial scalding
water from the beginning and end areas of the scalding tank

@ Springer



52

N. Langkabel et al.

Fig. 2 Scheme of the sampled area of the breast skin. Blue lines rep-
resent the imaginary lines marking the area of the breast skin which
was sampled

was taken. The scalding water at Abattoir B was sampled
from the beginning, middle, and end areas. At Abattoir C,
the condensation water that accumulates with the moistur-
ized air during scalding and is recycled during process-
ing was sampled. For this, a water tap was installed in the
middle area of the scalding tunnel. After draining the water
standing in the water pipe, 2 sampling tubes were asepti-
cally filled successively.

2.3 Microbiological examinations

Breast skin samples and scalding water samples were ana-
lyzed for EBC using the drop plating technique. For this,
each breast skin sample was weighed and blended in a 1:10
ratio with Luria Bertani broth (Carl Roth GmbH & Co. KG,
Karlsruhe, Germany) in the stomacher bag that had been
used for sampling. From each scalding water sample, 10
mL were taken und transferred to a sterile stomacher bag
and mixed in a 1:10 ratio with Luria Bertani broth. After
homogenization for 120 s at 500-540 strokes per minute
in a stomacher (Smasher™ High-Performance Blender/
Homogenizer, bioMerieux, Marcy-I’Etoile, France), dilu-
tion series in sodium chloride peptone agar test tubes were
created. From each dilution series, 0.05 mL were dropped
on MacConkey Agar No 3 plates (Thermo Fisher Diag-
nostics GmbH [former Oxoid Deutschland GmbH], Wesel,
Germany) in duplicate and streaked out on each agar sur-
face by using the pipette tip. After incubating the agar plates
aerobically for 24 h at 37 °C, colony forming units (cfu)
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were counted. To determine the EBC, all samples with a
minimum of 3 typical colonies (after the manufacturer’s
manual) on the duplicate agar plates were included in the
count. EBC was expressed as cfu/g (breast skin samples) or
cfu/mL (water samples).

2.4 Statistical analyses

Statistical analyses were carried out using IBM SPSS for
Windows version 24 (SPSS for Windows, IBM® - Armonk,
New York, USA). For practical purposes and following
Hiibner et al. (2002), mean values differing by less than
0.5 log units were defined as typical laboratory variance.
EBC values were transformed to the logarithm of base 10 to
achieve normal distribution.

The 3 processing steps scalding, plucking, and chill-
ing were investigated in detail using mixed linear regres-
sion models with abattoir and processing position as fixed
(including interaction), and flock as random variables. Log
EBC was the dependent variable. In total, 4 models were
applied, comparing EBCs from:

before and after scalding,

after scalding and after plucking,
before scalding and after chilling,
after plucking and after chilling.

Model diagnostics included visual inspection of residuals
for normality and homogeneity. Multiple testing of specific
positions was corrected using Bonferroni method. Thus,
p-values < 0.025 were regarded as significant in terms of a
5% level of significance.

3 Results
3.1 Breast skin samples

Mean EBCs before scalding for the 3 abattoirs ranged from
6.0 logcfu/g to 6.4 log cfu/g breast skin. Following the sam-
pling points over the whole processing line for each abat-
toir, decreases of mean EBC were identified, so mean EBCs
were reduced to between 2.6 and 2.7 log cfu/g after chilling.
The scalding technique itself reduced the EBC by 0.7, 0.2,
and 0.1 log for Abattoirs A, B, and C, respectively (Fig. 3).

The main reduction of EBC was seen after plucking in
all 3 abattoirs. The reduction due to plucking was greatest in
Abattoir A, with a mean reduction of 3.6 logs after plucking
compared to the initial EBC on the breast skin before scald-
ing. Reductions of mean EBC after plucking were 2.8 and
3.5 logs for Abattoirs C and B, respectively (Fig. 3).
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[ abattoir A (immersion scalder) B abattoir B (immersion scalder with scalding water pasteurization) B abattoir C (AeroScalder)
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Fig. 3 Distribution of Enterobacteriaceae counts on breast skin
samples in 3 abattoirs examined. * indicates significant reductions of
p <0.05; *** indicates significant reduction of p<0.001. A — abattoir
A with immersion scalding; B — Abattoir B with immersion scalding

The result of the mixed linear regression model for EBC
before and after scalding showed an intra-flock variance
of 28%. Comparing the 3 scalding techniques, no overall
significant differences were seen (p=0.103). However, sig-
nificant interactions between scalding technique and the
sampling points of before and after scalding were identified
(p<0.001, Fig. 4). Among the abattoirs, scalding at Abattoir
A produced the greatest EBC reduction. Between Abattoir
A and Abattoirs B and C, there were significant differences
between EBCs at the sampling points of before and after
scalding (p=0.003, n=64 samples per abattoir) (Fig. 4;
EBCs at Abattoir A were lower than in the other abattoirs).
Independent of the abattoir, the EBCs were significantly
lower after scalding than before scalding (p<0.001). The
conventional immersion scalder in Abattoir A produced the
greatest EBC reduction [0.7 log; from 6.3 log cfu/g (95%-CI
6.2-6.4) t0 5.6 log cfu/g (95% CI 6.4-5.8), p=0.003], while
the conventional immersion scalder with thermally-treated
water in Abattoir B and the AeroScalder® in Abattoir C pro-
duced similar reductions of 0.1 log [reduction from 6.0 log
cfu/g (95%-CI 5.8-6.2) to 5.9 log cfu/g (95%-CI 5.7-6.1),
p=0.471) and 0.2 log (reduction from 6.4 log cfu/g (95%-
CI 6.3-6.5) to 6.2 log cfu/g (95%-CI 6.0-6.4), p=0.049],
respectively (Fig. 3).

and thermal treatment of the scalding water, C — Abattoir C with Aero-
Scalder® (Marel); EBC — Enterobacteriaceae count; x — arithmetic
mean

Comparing the EBCs between after scalding and after
plucking, the values decreased significantly in all abat-
toirs (p<0.001). This reduction was greatest in Abattoir C
(p=0.017, Fig. 5). The inter-cluster coefficient was 8.1%.
Abattoir B had the highest and Abattoir A the lowest EBCs
(p=0.003).

Since no great impact on mean EBC after the process-
ing steps following plucking were measured, a mixed lin-
ear regression model was applied to compare EBCs at the
beginning and the end of the slaughter line. The inter-cluster
coefficient was 10%. In all 3 abattoirs, significant reductions
of mean EBC were found at the end of the slaughter line
compared to the beginning (p<0.001) (Fig. 3). Abattoir C
had significantly higher EBCs at the end of the line than the
other 2 abattoirs (p < 0.001). There were no significant inter-
actions between abattoir and sampling point (p=0.246).

In all abattoirs, EBCs were significantly lower after chill-
ing compared to after plucking (p<0.001). Abattoir B had
the greatest reduction, from 3.8 log cfu/g to 2.8 log cfu/g
EBC (interaction p=0.001) (Fig. 6). The inter-cluster coef-
ficient was 8.8%.
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Fig. 4 Interaction between

abattoir and the sampling point abattoir
before and after scalding of mean 66 IA
predicted Enterobacteriaceae IB
counts on breast skin samples. _— Ic
A — Abattoir A with immersion o 64
scalding; B — Abattoir B with 2 =i =
immersion scalding and thermal 8
treatment of the scalding water; C I';I;J;, 62
— Abattoir C with AeroScalder® S
(Marel); EBC — Enterobacteria- "2
ceae count <
2 60
>
g
5 58
£
8
2 58
54 - )
before scalding after scalding
Error Bars: 95% CI
Fig.5 Interaction between abat-
toir and the sampling point after abattoir
scalding and after plucking of
. 70 IA
mean predicted Enterobacte- iB
riaceae counts on breast skin - Ic
samples. A — Abattoir A with =
immersion scalding; B — Abattoir 3— 80
B with immersion scalding and E
thermal treatment of the scald- o
ing water; C — Abattoir C with % 0
AeroScalder® (Marel); EBC — 6
Enterobacteriaceae count %
>
E 40
2
o
o
5 30
=
20

after scalding

3.2 Scalding water samples

EBCs reduced in scalding water samples for Abattoirs A and
B from the beginning to the end of the counterflow scalding
tanks. For Abattoir C with the AeroScalder®, only a mean
EBC of all water samples (2.48 log cfu/mL) could be cal-
culated, since the water samples were taken successively at
the same place in the middle of the scalding tunnel on each
sampling day. Compared to the 2 other abattoirs, the lowest
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after plucking

Error Bars: 95% ClI

mean EBCs were found in the water samples from Abattoir
C (Table 2).

4 Discussion

Each of the 3 scalding techniques produced a reduction of
the EBC, either after scalding (Abattoir A and C) or after
plucking (all abattoirs). The assumption that a particularly
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Fig. 6 Interaction between
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Table 2 Mean Enterobacteriaceae counts (EBC) in water sampled
from the scalding systems in Abattoirs A, B, and C

Abattoir ~ Location in scalding Num- Mean Stan-
system ber of EBC (log dard
samples  cfu/mL) devia-
taken tion
A beginning 16 3.94 0.74
end 16 291 0.47
total Abattoir A 32 3.42 0.81
B beginning 16 3.60 0.54
middle 12 3.29 0.49
end 16 3.41 0.55
total Abattoir B 44 3.44 0.53
C middle 32 2.48%

(mean of C1 & C2)

C1 and C2 represent 2 samples of condensed water taken in the mid-
dle of the scalding tunnel

* values in the first dilution were lower than the limit of detection

good microbial reduction effect is achieved by the washing
effect of the scalding water was not confirmed, as the Aero-
Scalder® (using hot, humid, saturated air) led to similar
reductions of the EBC on breast skin overall. Some studies
investigating the impact of scalding water on the microbial
load showed a reduction of microbial loads from the begin-
ning to the end in counterflow immersion scalding tanks
(Althaus et al. 2017; Cason et al. 2000; Gardner and Golan
1976; Heemskerk 2005; Lillard 1990). Gardner (1976) con-
cluded that the water usage and the scalding process are
the main causes of EBC reduction, whereas plucking of the
feathers can result in an increase of EBC.

In our study, the microbial loads of the water samples
taken from the AeroScalder® at Abattoir C were the lowest

after chilling

Error Bars: 95% ClI

among the 3 abattoirs. This could be explained by the lack
of a washing effect. Additionally, at Abattoir C, we could
only sample the condensed water that is recycled during the
process to produce the hot, humid, saturated air that is the
scalding medium and in contact with the carcasses. There-
fore, it can be considered that the condensed water itself is
only indirectly in contact with the carcasses, although this
water can also act as a vector. The greater EBC after scald-
ing for Abattoir C (using the AeroScalder®) (Fig. 1) can
be explained by the lack of a washing effect, as only hot,
humid, saturated air is blown between the feather follicles.
Comparing the water samples from the other scalders, we
confirmed that the counterflow-principle led to reductions in
the microbial loads through the different scalding tanks, as
shown before by Althaus et al. (2017), Cason et al. (2000),
Heemskerk (2005), and Lillard (1990). Nonetheless, in con-
clusion, the AeroScalder® in Abattoir C, with its new tech-
nology, led to comparable EBCs as were determined for the
2 conventional immersion scalders used in Abattoirs A and
B.

The conventional immersion scalder in Abattoir A uti-
lized a longer scalding time than the scalder in Abattoir B
and produced a significantly better reduction of EBC after
scalding. However, it must be concluded that all 3 scalders
achieved good but not highly relevant reductions of EBC
after scalding, as the best mean log reduction (Abattoir A)
was only 0.7 log, and a log reduction of 0.5 log is within the
expected laboratory variance (Hiibner et al. 2002). There-
fore, we stress that the found significance is only from a
statistical point of view. Nonetheless, we determined that
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the scalding in combination with the following plucking
step resulted in small but significant EBC reductions in all
3 abattoirs.

Plucking produced the most extensive reductions of
EBCs in our study. This is consistent with other studies
investigating microbial loads (total viable count, EBC,
extended-spectrum B-lactamase producing Escherichia
coli counts) on poultry carcasses (Buess et al. 2019; Chen
et al. 2020; Goksoy et al. 2004; Lillard 1990; Mead et al.
1993; Pacholewicz et al. 2015a, b; Zweifel et al. 2015). In
contrast to this, other studies showed that scalding resulted
in extensive reductions of the microbial loads of the car-
casses, while the plucking afterwards led to a subsequent
increase (Gardner and Golan 1976; Hutchison et al. 2022;
Izat et al. 1988). For Campylobacter, different studies also
showed contradictory results regarding the microbial loads
after plucking, i.e., an increase, reduction, or stable loads
depending on the abattoir and flock investigated (Althaus
et al. 2017; Pacholewicz et al. 2015a, b, 2016; Seliwiorstow
et al. 2015; Stephan 2014). As reasons for these reported
contradictory results, it could be assumed that different
scalding temperatures other than that used in our investiga-
tion, or cross-contamination caused by the plucking fingers,
were influencing factors. Not all studies explained the scald-
ing temperature and process or the defeathering process in
detail, so we can only assume possible influences.

Compared to other studies using skin samples (Althaus
et al. 2017; Goksoy et al. 2004; Zweifel et al. 2015), the
influence of scalding in our study was lower. Overall, when
comparing different studies, the sampling material and the
sampling method have to be taken into account. We decided
to use breast skin samples for sampling immediately before
scalding and defeathering. If we had sampled other carcass
parts or had used the carcass rinse method, we would inevi-
tably also have sampled the feathers still in the skin, which
are often heavily contaminated with bacteria (Kotula and
Pandya 1995; Seliwiorstow et al. 2015), and which would
have had a great impact on the results. However, it is pos-
sible to derive trends and, thus, compare studies conducted
at different abattoirs using different sampling materials or
methods. In conclusion, the measured reductions of EBC
on breast skin samples in the current study, especially at
the processing step after plucking, were in line with studies
that showed general EBC reductions along the processing
line at broiler abattoirs; the studies used neck skin samples
(Althaus et al. 2017; Buess et al. 2019; Goksoy et al. 2004;
Zweifel et al. 2015), the carcass rinse method (Lillard 1990;
Pacholewicz et al. 2015a, b; Svobodova et al. 2012), or the
swabbing technique (Gardner and Golan 1976; Matias et al.
2010).

Depending on the sampling points compared, the results
of the performed mixed linear models showed intra-flock
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variances for EBC of between 28% and 8.1%, meaning the
differences in EBCs were also due to the flocks. This is in
concordance with other authors who also concluded that
abattoir- and flock-specific influences can be seen and can
result in differences when comparing abattoirs (Althaus et
al. 2017; Pacholewicz et al. 2015a, b, 2016; Seliwiorstow
et al. 2015). From our study, we can conclude that plucking
had the main influence on EBC, as all feathers with adhered
feces were removed during this processing step.

5 Conclusions

The EBC reductions caused by the scalding were much
smaller than the reductions caused by plucking in all 3 abat-
toirs. The greatest reductions of EBC were seen after the
plucking step in all 3 abattoirs included in the study. EBC
reductions at the abattoir using the AeroScalder® were com-
parable to the reductions achieved at abattoirs with conven-
tional immersion scalders. Intra-flock differences in EBC
reductions were measured, and these can have an impact on
the process hygiene additionally to abattoir-specific influ-
ences, such as scalding regime, plucking, or others.
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supplementary material available at https://doi.org/10.1007/s00003-
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