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Australia has recorded around 100 cases of campylobacter-
iosis per 100,000 population, each year, since the mid-
1990’s. Campylobacter jejuni and C. coli are recognized as
the main species isolated from clinical cases. Approximately
30% of cases have been linked to poultry. Through poultry
processing, from slaughter to packaging, the prevalence and
concentration of Campylobacter can be reduced. Published
Australian data on the effect of current processing condi-
tions are minimal. Data from other countries suggests that
the stages of scalding and immersion chilling can have
significant impact on the prevalence and concentration of
Campylobacter. Understanding the complexities of these
processing stages (physical, chemical and microbiological)
and their effect on Campylobacter species may lead to
improved control during processing and hence improved

public health outcomes.

Campylobacter spp. are the leading cause of bacterial gastroenter-
itis in Australia and most of the western world. While most cases are
sporadic in nature rather than outbreak related, poultry has been
associated with 30% of all cases in Australia’. Poultry are the natural
host of this organism with C. jejuni and C. coli considered the
predominant species. Flocks can become contaminated from as
early as 14 to 21 days of age®. Once Campylobacter enters a flock
during the rearing period, it spreads rapidly such that flocks can be
contaminated at high levels at slaughter, dependent on age®. Poultry
are slaughtered and prepared for sale through a multistage process
(Figure 1). This process can be described in stages: 1. stunning,
either electrical or gas; 2. bleeding, severing of the carotid artery
and jugular vein; 3. scalding, at temperatures from 53°C to 58°C

for approximately two to three minutes to loosen feathers;

4. defeathering, removal of feathers; 5. evisceration, removal of the
viscera; 6. washing, both inside and outside of the chicken carcase to
remove gross organic contamination; 7. chilling, water immersion
from 30 min to 3h or air chilling from 60 to 80 min, to drop the
temperature of the carcase and 8. packaging or further processing.
Campylobacter can survive each of these processing steps and
subsequent storage through to retail and food preparation for
poultry to be a source of human infection. Although there is no
specific processing step that will kill Campylobacter spp., good
control of both scalding and chilling can significantly reduce the
concentration of Campylobacter spp%. Studies have been pub-
lished in a number of countries that examine the change in prev-
alence and on the concentration of Campylobacter spp. at the
various processing stages. A reduction in the concentration of
Campylobacter spp. by 2 logyy can lead to a reduction in the

number of human cases by up to 30 times’.

A systematic review of the prevalence of Campylobacter through
poultry processing was published by Guerin®. This review of 29
separate published studies covering different stages of the process,
highlights the highly variable nature of the effects of various poultry
processing stages. Scalding decreased the prevalence of Campylo-
bacter anywhere between 20 and 40% while defeathering increased
the prevalence between 10 and 72% from four studies. A decrease in
prevalence of between 10 and 100% was found after chilling in 6 of
the 9 studies which examined this stage, while there was an increase
in prevalence after chilling up to 27% in the other three studies. The
process of immersion chilling has been demonstrated to lead to
cross contamination events which may in part explain an increase in
prevalence after chilling. A recent Australian study of four flocks
found no decrease in prevalence from pre-scald to pre-chill and
reductions in prevalence within two flocks after chill of 10 and 20%°.
More important than prevalence alone, knowledge on the effect on
the concentration of Campylobacter at each processing stage is
more limited although both scalding and chilling stages are fre-
quently reported to result in a decrease in concentration of Cam-
pylobacter*. Scalding temperature affects the extent of reduction in
Campylobacter spp. concentration as does the equipment with
counter-flow multi stage scalding tanks decreasing the level of
contamination. In countries where chlorination of the chilling water
is allowed, significant reductions can be made with improved

control of chlorine and pH levels within the chilling tanks. The
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Figure 1. Schematic diagram of poultry processing stages.

=>&= Flock 1 Flock2 == Flock3 == Flock4

Log,, CFU/carcase
o == N W H OO N © ©

1 2 3 4 5
Sampling sites

Figure 2. Concentration (logio CFU/carcase) at each sampling site for
four flocks. Sampling sites 1. Before scald; 2. After scald; 3. Before
chilling; 4. After chilling; 5. After packaging. Flock 1 and 3 were
processed at Abattoir A and flock 2 and 4 were processed at abattoir B.

decrease in the concentration of Campylobacter within New Zeal-
and processed chickens has in part been attributed to the better
control of these parameters in processing’. Chlorine dissolves in
water to form hypochlorous acid and hypochlorite ion®. Hypochlor-
ous acid is the most biocidal form although the formation of these
two compounds is pH dependent. The acid form is very reactive
being both an oxidizing and halogenating species and therefore the
level of free available chlorine in conjunction with pH and contact
time will determine the effectiveness of chlorine as a disinfectant

on poultry®.

An Australian study measured the concentration of Campylobacter
spp. at each stage during processing(’ (Figure 2). Significant reduc-
tions were achieved after scalding and again after chilling. No
significant changes in concentration were noted after evisceration

or after packaging. A few studies have examined the effect of
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scalding temperatures and chlorine levels under laboratory condi-
tions on the decimal reduction times (D values). A single strain of
Campylobacter had Dssc values in scald tank water of 0.2 min for
planktonic grown cells compared with 2.2 min for cells attached to
chicken skin. Sub-populations were noted that had increased Dssc
values of 13.9 min in water and 19.4 min attached to skin. These
sub-populations may indicate a level of resistance within the Cam-
pylobacter population. When the same strain was subjected to
chlorine at 50ppm, Dsqp,pm values were recorded of 0.5 min in water
compared to 73.0 min when attached to chicken skin with no sub-
population detected. New Zealand Campylobacter isolates from
poultry do not have unusual heat resistance and have similar heat
resistance in the planktonic state as those belonging to the sub-
populations mentioned above (Dssc 8.5 — 17.0min)’. No heat or

chlorine resistance data are available on Australian isolates.

The factors that influence the effectiveness of the immersion chiller
in the Australian situation where chlorine is a permissible processing
aid, are numerous and complex. Examining chickens from two
separate flocks, processed at the same abattoir with the same
measured pH and chlorine levels in the immersion chiller does not
always produce a similar decrease in the concentration of Cam-
pylobacter®. Clearly other aspects of poultry production at the
chilling stage, both physical and chemical, can have a significant
impact on the survival of Campylobacter. Consideration must also
be given to the strain to strain variation common in Campylobacter
studies and the extensive variation in the genetic makeup of this
organism compared to other enteric bacteria previously noted by

Park'?. The genotypic variation within the Campylobacter genus
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may allow specific genotypes to occur or be selected for, when

encountering environmental stresses' .

Understanding the changes that Campylobacter spp. undergo
when subjected to typical processing temperatures and chilling
(chlorine and pH) conditions in conjunction with an understanding
of how these are applied within the technical aspects of poultry
production, may be key to ensuring future declines in both prev-
alence and concentration of Campylobacter spp. on poultry pro-

ducts. This may lead to improved public health outcomes.
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