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ABSTRACT

Protecting public health by controlling Salmonella in chicken meat products continues to be a challenge to both industry
and policymakers. Studies evaluating the combined use of commercially available antimicrobial interventions are scarce. The
aim of this work was to develop a risk-based prioritization framework to rank chicken meat processing interventions that
achieve the greatest Salmonella relative risk reduction. A baseline model characterizing the current U.S. broiler industry food
safety intervention practices was created from direct observation of processes and expert elicitation. Results showed the
combination of chlorine at the bird wash station and peroxyacetic acid at the on-line reprocessing and chill stages as the most
common U.S. processing scenario. Irradiation at packaging and acidified sodium chlorite at evisceration were the most effective
single processing interventions (98.8 and 91.6% risk reduction, respectively); however, no single intervention was able to
comply with the current Food Safety and Inspection Service Salmonella postchill performance standards. The combination of
peroxyacetic acid in at least one of the chicken processing stages with the current set of U.S. baseline interventions achieved
.99% Salmonella relative risk reduction and ensured Food Safety and Inspection Service compliance. Adding more than one
intervention to the U.S. current practice did not enhance (,2%) the overall Salmonella risk reduction. This study can help
poultry processors to prioritize food safety interventions to maximize Salmonella reduction and public health protection.

HIGHLIGHTS

� A risk model evaluated the Salmonella interventions in the U.S. broiler industry.
� Chlorine at the wash station and PAA at the OLR and chill stages were the most common.
� Irradiation was the most effective single intervention (98.8% reduction).
� Adding PAA to chill stages achieved 99% Salmonella reduction.
� Adding more interventions did not achieve further Salmonella reduction (,2%).

Key words: Chicken; Interventions; Public health; Risk; Salmonella

The U.S. National Chicken Council reported that over 9
billion broiler chickens (56.5 billion lb) were processed into
more than 42.5 billion lb of chicken products in 2018,
making the United States one of the largest broiler chicken
producers in the world. Chicken is the number one protein
consumed in the United States, with more than 92 lb of
chicken consumed per capita in 2017 (32), mostly (80%) in
the form of breasts, legs, and wings (53).

The birds’ digestive tract is a reservoir for Salmonella
and Campylobacter spp., which are usually spread by cross-
contamination, particularly during defeathering and evis-
ceration (20). Although the food industry has made
significant progress by leveraging technology and preven-
tive approaches to ensure the safety of poultry commodities,

the risk of contamination with pathogens during conversion
of live poultry into products for human consumption is still
present (46). According to Painter et al. (39), around 33% of
all food-related salmonellosis cases are associated with
products regulated by the U.S. Department of Agriculture’s
Food Safety and Inspection Service (FSIS), with poultry
accounting for about 58% of the cases and, in turn, 85%
within poultry being associated specifically with chicken.
FSIS estimates that from the salmonellosis cases caused by
chicken consumption, 81% are associated with parts, 13%
with whole carcasses, and 6% with comminuted (e.g.,
ground) products (53).

The prevalence of Salmonella in ready-to-market
broilers in the United States ranges from 5 to 35% (26,
50). Salmonella-positive birds do not show clinical signs of
disease, but poultry and poultry meat products are
considered one of the main carriers of the organism and
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represent a significant share of the attributed sources of
salmonellosis in humans (39). Data from the Centers for
Disease Control and Prevention reflect that approximately
12.7% of the estimated one million nontyphoidal Salmo-
nella annual cases in the United States are attributed to
chicken products (21, 47).

New federal microbiological performance standards
were implemented in 2016 by the U.S. Department of
Agriculture’s FSIS that limit Salmonella contamination
rates to 13 (25%) of 52 samples in comminuted chicken,
7.5% in carcasses after postchilling, and 8 (15.4%) of 52
samples in chicken parts. The FSIS goals for 2017 to 2021
are to increase the number of establishments that are
meeting these pathogen reduction standards, as communi-
cated in its most recent strategic plan (55). That should, in
turn, help reduce the number of salmonellosis cases from
poultry products by at least 30%, in alignment with the
objectives of the Healthy People 2020 initiative (57). The
FSIS is currently posting the food safety performance status
of individual facilities on their Web site for public view by
using a three-category scheme on the basis of the number of
Salmonella positives over a moving time window.

Chicken processors have often adopted new interven-
tions on the basis of limited technical assessments, market
factors, or anecdotal evidence from industry peers lacking a
robust scientific assessment to base their decisions. Three
surveys of poultry processing plants conducted within the
past 10 years suggest that use of interventions has evolved
toward the incorporation of multistage interventions to
maximize regulatory compliance and shelf-life extension,
but there is still a high degree of variability among the
poultry industry in terms of the antimicrobials used and the
selection of processing stages to apply the intervention (30,
52, 58). Considering that Salmonella levels may also vary
considerably among different operations (60), a more
comprehensive risk-based framework can help the poultry
industry prioritize the most effective interventions (single or
combined) to mitigate the public health risk of salmonel-
losis and comply with current regulations.

A joint effort between the Food and Agriculture
Organization and the World Health Organization led to
the development of a free Web-based simulation tool known
as the risk management tool for the control of Campylo-
bacter and Salmonella in chicken meat or simply the
‘‘poultry risk management tool’’ (23). The tool allows for
comparison of the overall effectiveness of antimicrobial
interventions in the context of a customizable process
simulation model. After the user creates a baseline process
flow and separates process models to simulate the
interventions applied, the tool computes a Salmonella
relative risk estimate by comparing the overall risk of the
baseline model with the new process model, including the
user-defined interventions.

The purpose of this work was to prioritize the
interventions currently available to U.S. poultry processors
on the basis of their efficacy in mitigating the Salmonella
relative risk in the chicken meat production chain. Although
the study focuses on the U.S. poultry industry regulatory
standards as the reference, this framework can be applied to

conduct similar analyses in other countries or with
international regulations or both.

MATERIALS AND METHODS

The main steps to produce chicken breasts and ground
chicken include slaughtering, scalding, defeathering, evisceration,
inside-outside bird washing, on-line reprocessing (OLR), prechill-
ing, chilling (by immersion), postchilling, portioning, grinding (if
ground), and packaging. Processing steps were verified via
consultation with poultry industry experts, published references,
and through visits to multiple chicken processing plants in the
United States, with production volumes ranging between 200,000
and 300,000 birds per day.

The processing steps were used as the reference to build a
basic simulation model (no antimicrobial interventions) by using
the poultry risk management tool, version 1.0 (23). To build the
model, a baseline process flow was created including all the
production steps that have an impact on Salmonella prevalence or
concentration or both in broiler carcasses. The initial input
parameters required to develop the simulation model included the
initial Salmonella level per carcass (CFU per carcass) and the
prevalence between and within flocks. Each processing step was
characterized by the change on the pathogen concentration and
prevalence level, defined by a single value or a probability
distribution, depending on the data available. Each processing
stage was connected by using the output value of the previous
stage (concentration and prevalence) as the input for the next stage
to obtain the final model output at the end of the process flow. This
type of model framework is called a modular process risk model
(33).

Additional production scenarios can be created by simulating
the baseline process flow with the addition of more interventions
(impact on Salmonella concentration and prevalence) at any
process stage. Model outputs are estimated with the use of Monte
Carlo simulation by running thousands of iterations of the model
inputs. The tool then compares the results of running both
production scenarios and estimates the net effect as a residual risk
factor that is equivalent to the risk ratio of the scenario with
interventions over the baseline process flow. The residual risk
measure can, thus, be used to evaluate the overall risk reduction
effectiveness of applied interventions (e.g., a value less than 1
indicates a relative reduction in risk level).

Table 1 lists the processing steps that have been shown to
have a significant impact on Salmonella, which were used to build
the baseline model. As found by Bucher et al. (9) when applying
systematic review meta-analyses to evaluate interventions against
this pathogen in chicken processing, a lack of data around
naturally occurring Salmonella levels in broiler chickens on-farm
and prior to transport limits the ability to more accurately model
the impact of controls applied prior to processing. Berghaus et al.
(3), who conducted the largest Salmonella preharvest prevalence
study in the United States, including 55 commercial broiler
chicken flocks, reported an initial concentration of 3.44 6 0.7 log
most probable number per carcass and a between-flock prevalence
of 46%. No specific data were available to characterize the U.S.
within-flock (same flock) prevalence, but a 2 to 11% estimate was
obtained from the World Health Organization risk assessment
report of Salmonella in eggs and broiler chicken meat (62).

The efficacy of the antimicrobial interventions currently
applied in the chicken meat production chain was obtained from a
literature review of over 100 studies. Given the limited data
available on Salmonella levels for preharvest interventions, the
study was focused on the analysis of processing level control

1576 GONZÁLEZ ET AL. J. Food Prot., Vol. 82, No. 9



measures. Fifty articles were selected systematically for further
analysis on the basis of inclusion criteria that included, in order of
consideration: the report of quantitative data on the reduction of
Salmonella in chicken meat due to any of the commonly applied
interventions during processing, relevancy of processing condi-
tions to actual commercial operations versus laboratory research
studies, and relevancy to the chicken meat processing industry in
the United States.

Eighteen interventions showing the highest efficacy on
reducing Salmonella prevalence or concentration or both within
each stage were selected for further comparison (one to three
interventions per stage). To determine which of the interventions
identified are currently used by the U.S. poultry industry, we
sought expert opinion from industry, academia, and government.
Personal interviews were conducted with production and food
safety representatives from chicken processing companies, poultry
industry trade associations, extension personnel from universities,
and government researchers and regulatory officials. On the basis
of the information collected, the baseline simulation model, shown
in Table 2, was built with the basic interventions currently applied
by most U.S. chicken processors (5, 14, 45, 52, 54, 61).

The baseline model was validated by comparing the
Salmonella prevalence simulated values with the expected
changes from current knowledge of the pathogen behavior during
chicken meat production in the United States. The model showed a
good correlation with the pathogen expected behavior, simulating
a prevalence decrease after scalding due to the high temperature
applied and washing effect of the tank, increasing with defeat-
hering due to cross-contamination, increasing or remain un-
changed during evisceration, and decreasing through the washing
and chilled immersion steps due to decreasing levels of organic
matter and the addition of antimicrobials to the chill tank (45).

Additional production scenarios were built on the basis of
data from published literature and expert elicitation to compare the
Salmonella relative risk level between the basic model (no
interventions), the baseline model (current U.S. practices), and
scenarios combining interventions at specific stages of the chicken
meat production chain, considering both prevalence and concen-
tration of this pathogen.

RESULTS AND DISCUSSION

Effect of single interventions. The literature search
and expert elicitation showed that it is very unlikely to find
a U.S. chicken processing plant that operates with no
antimicrobial interventions. The basic simulation model (no
interventions) shown in Table 1 was built, however, to
evaluate the impact of single interventions by comparing the
reduction in the Salmonella relative risk level. Figure 1
shows the collection of 18 individual interventions that were
identified from the literature search at different stages and
that were compared on the basis of the impact in reducing
the Salmonella relative risk estimate of the basic model
(prevalence or concentration or both) by using the poultry
risk management tool (1, 2, 6, 11–13, 22, 24, 25, 27, 28, 31,
35, 45, 49, 63, 65).

All 18 single interventions resulted in a reduction of
Salmonella prevalence or concentration or both, with a
range of relative risk estimates varying from 0.01 (most
effective, 98.8% reduction) to 0.98 (least effective, 2.0%
reduction). When considering single interventions, irradia-
tion after packaging, by using acidified sodium chlorite
(ASC) during evisceration, cetylpyridinium chloride (CPC)
in the inside-outside bird washer (IOBW), trisodium
phosphate during prechill or peroxyacetic acid (PAA)
during chilling, peroxyacetic acetic or lactic acid during
postchill, and acetic acid applied at portioning, all showed
75% or greater reduction in the relative risk of Salmonella.
Differences in antimicrobial concentration used, contact
time, mode of application, processing stage of application,
mode of action, and sensitivity to organic matter load can
explain the differences in the effectiveness observed for the
interventions evaluated in this study. As a quaternary
ammonium compound, CPC, for example, is not affected by
the organic matter load as chlorine is, and in terms of mode
of application, stages in which antimicrobials are typically
applied by dipping (e.g., chill versus IOBW) favor their

TABLE 2. Current U.S. baseline production modela

Processing stage Intervention
Impact on
Salmonella

Probability
distribution

Value/range
(log CFU/g) Reference(s)

IOBW Chlorine (50 ppm) Decrease Normal 0.9 6 1.0 34, 36
OLR PAA (200 ppm) Decrease Uniform 0.4–1.0 45
Chill PAA (200 ppm) Decrease Beta PERT 1.2, 1.5, and 2.0 1, 2

a IOBW, inside-outside bird washer; OLR, on-line reprocessing; PAA, peroxyacetic acid; Beta PERT, three-point estimation technique
(min, mode, max).

TABLE 1. Chicken meat production basic model (no antimicrobial interventions)

Processing stage Impact on Salmonella Probability distribution Value/range Reference(s)

Scalding Prevalence decrease (within flock) Single-point estimate 50% decrease 42
Defeathering Prevalence increase (within flock) Single-point estimate 52% increase 18
Evisceration Concentration addition (within flock) Uniform 0.7–5.1 log CFU/g; likelihood

of occurrence: 0.3
4, 42, 44, 59

IOBW Concentration decrease Single-point estimate 0.4 log CFU/g 65
Chill Concentration decrease Single-point estimate 0.5 log CFU/g 64
Grind (ground

chicken)
Cross-contamination (within flock) Single-point estimate 50% increase Current study
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efficacy by facilitating better coverage and longer contact
time (10, 54).

Irradiation was shown to be the most effective
intervention at doses of 0.9 to 3.6 kGy, achieving 2- to 5-
log reduction of Salmonella in chicken meat. However, low
consumer acceptability (8, 16, 29, 41) and significant cost
considerations (19) have limited its application and wider
adoption as an overall meat (including poultry) food safety
intervention. ASC was the second most effective single
intervention, but the authors confirmed that its use has
declined over the past decade due to global market
restrictions, higher cost, and the need to combine it with
generally recognized as safe acids (e.g., citric) to maintain a
low (~2 to 3) pH (13, 61).

The third most effective single intervention was the use
of PAA as a postchill intervention. Poultry processors have
successfully reduced Salmonella prevalence with the use of
postchill antimicrobial applications (45), a fact that is
confirmed with the results obtained in this simulation. In a
systematic literature review on the efficacy of PAA on
Salmonella and Campylobacter spp. reduction in poultry
carcasses, the European Food Safety Authority found 30 to
99% prevalence reduction in carcasses after PAA addition
during chilling and 0- to 2-log CFU/g reduction when
chilled carcasses or parts were treated with PAA by
immersion (15). However, a better understanding of the
impact of PAA at the postchill stage and the pathogen
dynamics during portioning is needed. Preliminary data
obtained by the authors show an abrupt increase of
Salmonella prevalence during portioning (data not shown).
One of the potential reasons for the pathogen prevalence
difference between postchill and portioning stages may be
the use of large amounts (~400 ppm) of PAA at postchill
that could produce a sanitizer carryover interfering with the

laboratory analysis used to detect Salmonella in chicken
meat.

Effect of combined interventions. Combinations of
antimicrobial treatments sequentially applied during pro-
cessing, also known as the ‘‘hurdle approach,’’ have been
shown to enhance the microbial reductions obtained by
single interventions alone, improving both the safety and
quality of poultry carcasses (28). As shown in Figure 1,
adding chlorine to the chiller as a single intervention
produces only a 27% Salmonella relative risk reduction, but
adding chlorine to the IOBW and PAA to the OLR steps,
increases the risk mitigating efficacy to 98%, as shown in
Table 3. Among others, Fabrizio et al. (17) demonstrated a
2.0-log CFU/mL reduction in Salmonella Typhimurium on
the surface of poultry carcasses and parts when using
combinations of chlorine and acetic acid or trisodium
phosphate, compared with lower reductions (e.g., 0.9 log
CFU/mL) when the interventions were applied individually.
Another study conducted by Stopforth et al. (48) found that
combinations of chlorine and either chlorine dioxide or
trisodium phosphate reduced the Salmonella prevalence up
to 91% in poultry carcasses and parts. These previous
findings of enhanced efficacy by using the hurdle approach
have been validated with the simulation results of the
different production scenarios assessed in this study.

Identifying the current U.S. practice for use of
antimicrobials in broiler chicken processing was one of
the key outcomes of this study, which was accomplished via
plant visits and interviews with poultry industry experts. In
Table 2, the combination of chlorine at the bird wash station
and PAA at the OLR and chill stages were identified as the
most current U.S. industry practices, with all three steps
contributing to an overall decrease in Salmonella concen-
tration ranging from 0.4 to 2.0 log CFU/g. Four different

FIGURE 1. Relative risk reduction of individual processing interventions to control Salmonella in the chicken meat production chain
(ASC, acidified sodium chlorite; PAA, peroxyacetic acid; TSP, trisodium phosphate; IOBW, inside-outside bird washer; CPC,
cetylpyridinium chloride; OLR, on-line reprocessing).
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processing scenarios were compared against the basic
model (no interventions), which included the baseline
scenario (current U.S. industry practices) and three
additional production scenarios also observed in the U.S.
broiler industry, as shown in Table 3. The two most
effective production scenarios (98% risk reduction) were
the current U.S. practice and the alternate scenario 2, which
involves substituting chlorine for PAA at the IOBW.
Alternate baseline scenario 1 (use of chlorine at the IOBW,
ASC at OLR, and PAA at the chill stage) and alternate
baseline scenario 3 (substituting PAA for chlorine at the
chill stage) were not as effective (88 to 94.3% overall risk
reduction) as the current set of interventions applied by the
industry. However, they were all still more effective than
any individual intervention, applied as seen in Figure 1,
except for irradiation (98.8% risk reduction).

Depending on the processing stage, the model estimat-
ed an overall reduction of 0.7 to 2.1 log CFU/mL by adding
PAA as a single intervention. Poultry processors have
observed a reduction in Salmonella-positive carcasses and
parts with the adoption of PAA in one or more processing
stages (5). As part of a recent in-plant study of six poultry
processing facilities in the United States, Wideman et al.
(61) demonstrated that PAA is the most effective antimi-
crobial intervention when sampling carcasses for Salmo-
nella and Campylobacter spp. at multiple processing stages.
The use of PAA during chilling has shown an overall
Salmonella reduction of 0.5 to 1.5 log CFU/g, greater than
the use of chlorine (1, 2). Conversely, chlorine at 50 ppm

applied at the IOBW has shown to be more effective than
PAA, on the basis of the limited data available at this stage
(36). Variables, such as mode of application (e.g., spray,
drenching, or immersion) and dissimilar contact times, may
explain the contrasting efficacy at different stages.

The overall Salmonella risk reduction and the addi-
tional improvement over the current U.S. practice when
adding one intervention is shown in Table 4. All
combinations resulted in overall risk reduction levels of
up to 99.7% (compared with no-interventions model) and an
additional, up to 82.5%, risk reduction improvement over
the current U.S. production model, with PAA applied at
postchill producing the highest synergistic risk reduction
effect. CPC applied at postchill instead, although shown to
reduce the concentration of Salmonella in chicken carcasses
by 0.8 log (11), resulted in further risk reduction of just
66.5%, unless applied to the alternate scenario 1 in which
PAA is replaced by ASC at OLR (73.7% risk reduction
improvement). A combination with similar effectiveness
(72%) was found to be the addition of PAA at prechill,
avoiding the need to rinse off poultry carcasses after CPC
use at postchill as required by FSIS (56) and its
incompatibility with the low pH solution in the immediate
previous stage (i.e., PAA chill) (54).

The FSIS poultry processing regulatory performance
standards in the United States require that companies
maintain a Salmonella prevalence on carcass samples
collected at the postchill stage that does not exceed 7.5%
(51). Although the production practices evaluated in this

TABLE 4. Salmonella risk reduction efficacy of U.S. chicken meat production models combined with single processing interventions

Combination of interventionsa
% risk

reduction
% risk reduction
improvementb

% postchill Salmonella
prevalence (estimated)c Reference(s)

Current U.S. industry baseline þ PAA postchill 99.7 82.5 2.3 (C) 11, 31, 52, 58, 61
Current U.S. industry baseline þ PAA Prechill 99.4 72.0 7.4 (C) 45, 52, 58, 61
Current U.S. industry baseline þ CPC postchill 99.3 66.5 9.0 (NC) 22, 52, 58, 61
Alternate scenario 1 þ CPC postchill 98.5 73.7 7.3 (C) 11, 12, 24, 52, 58, 61
Current U.S. industry baseline þ chlorine defeathering 98.1 5.0 15.0 (NC) 12, 52, 58, 61

a PAA, peroxyacetic acid; CPC, cetylpyridinium chloride.
b Improvement over current U.S. baseline.
c Final prevalence (postchill) estimated by the poultry risk management tool. C, compliant with current FSIS regulations; NC,
noncompliant with current FSIS regulations.

TABLE 3. Salmonella risk reduction efficacy of U.S. chicken meat production models

Baseline Interventiona
% risk

reduction
% postchill Salmonella
prevalence (estimated)b Reference(s)

Current U.S. industry practice IOBW (chlorine 50 ppm), OLR (PAA
200 ppm), chill (PAA 25–200 ppm)

98.0 15.0 (NC) 52, 58, 60

Alternate scenario 1 IOBW (chlorine 50 ppm), OLR (ASC
1,200 ppm), chill (PAA 25–200 ppm)

94.3 9.9 (NC) 12, 24, 52, 58, 60

Alternate scenario 2 IOBW (PAA 220 ppm), OLR (PAA
200 ppm), chill (PAA 25–200 ppm)

98.0 15.0 (NC) 52, 58, 60

Alternate scenario 3 IOBW (chlorine 50 ppm), OLR (PAA
200 ppm), chill (chlorine 20–30
ppm)

88.0 24.0 (NC) 52, 58, 60

a IOBW, inside-outside bird washer; OLR, on-line reprocessing; PAA, peroxyacetic acid; ASC, acidified sodium chlorite.
b Final prevalence (postchill) estimated by the poultry risk management tool. NC, noncomplaint with current FSIS regulations.
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study may suggest that the industry is currently deriving
significant Salmonella reduction benefit from a combination
of antimicrobial solutions, as shown in Table 3, neither the
current baseline in the United States as estimated by the
model (15% prevalence at postchill) nor the alternate
scenarios (range of prevalence of 9.9 to 24% at postchill)
seemed to satisfy this requirement (listed as compliant [C]
or noncompliant [NC]). Table 4 reflects that the addition of
PAA at the pre- or postchill stages over the current baseline
model enables plants to satisfy the postchill regulatory
expectation. The addition of CPC at postchill and
substitution of PAA for ASC during OLR (i.e., alternate
scenario 1) would also comply with the FSIS standard;
however, the use of both CPC and ASC has declined over
PAA. At the time of publication of this article, the authors
and others (5) have confirmed that the current practice has
continued to evolve in most of the U.S. poultry industry to
include the use of PAA in pre- and postchill stages.

Table 5 shows the overall risk reduction and additional
performance over the baseline by adding two or more
interventions. Adopting any of the multiple additional
combinations of interventions together with the current
production baseline or alternate scenario 2 would also allow
companies to easily comply with the FSIS postchill
regulatory threshold for compliance. However, although
adding multiple interventions reflects a higher risk reduction
improvement versus adding a single intervention to the
current U.S. practice (up to 98.0% versus up to 82.5%,
respectively), the simulation estimated a less than 2%
further Salmonella risk reduction, with anywhere from two
to four interventions added to the current U.S. baseline
practice, compared with the no-interventions model.

Similar factors as those impacting the efficacy of single
interventions are expected to apply to the combination of
multiple interventions, as described in Table 5. An example
of that is the negligible effect of adding chlorine at the
defeathering stage to the current U.S. baseline or the

alternate scenario 2 with PAA applied to prechill, postchill,
and portioning. Chlorine is known to be highly susceptible
and readily inactivated with high amounts of organic matter
present on the surface of birds and in the process water,
which is a typical condition at the earlier scalding and
defeathering stages during commercial processing opera-
tions (45, 54).

The decrease of the relative risk derived from the
reduction in prevalence and concentration of Salmonella in
the chicken carcass will likely reduce the potential
salmonellosis cases, as demonstrated in multiple quantita-
tive microbial risk assessment studies. Quantitative micro-
bial risk assessment studies on Salmonella have reflected
that the most impactful input parameter on reducing the
number of illnesses is the ingested dose (CFU) that is
intimately related to the final pathogen concentration (7, 37,
38, 40, 43). This would allow federal agencies to satisfy the
Healthy People 2020 goals.

Note that as with any simulated process, uncertainty in
the final model predictions is driven by uncertainty in the
input parameters. Examples of areas in which data on
pathogen behavior are significantly limited include defeat-
hering, evisceration, and portioning. Similarly, future
research studies focused on collecting data about the impact
of current and novel food safety interventions on Salmo-
nella levels under real or closely simulated processing
conditions would greatly improve the accuracy of the
predictions by simulation models.

This research study was able to characterize the
behavior of Salmonella in the chicken meat production
chain and can help poultry processors identify optimal
processing scenarios that will maximize risk reduction. The
framework developed as part of this work can be applied to
assess the level of risk associated with other food-pathogen
combinations and the mitigating impact of scenarios of
control measures at similar stages of processing and
beyond. For example, new regulatory performance stan-

TABLE 5. Salmonella risk reduction efficacy of U.S. chicken meat production models combined with multiple processing interventions

Combination of interventionsa
% risk

reduction
% risk reduction
improvementb

% postchill Salmonella
prevalence (estimated)c Reference(s)

Current U.S. industry baseline þ defeathering
(chlorine 20–50 ppm) þ PAA prechill þ PAA
postchill þ PAA portion 99.96 98.0 0.25 (C) 11, 12, 31, 45, 52, 58, 61

Alternate scenario 2 þ defeathering (chlorine
20–50 ppm) þ PAA prechill þ PAA postchill
þ PAA portion 99.96 97.9 0.25 (C) 52, 58, 60

Current U.S. industry baseline þ PAA prechill
þ PAA postchill þ PAA portion 99.96 97.9 0.25 (C) 11, 31, 45, 52, 58, 61

Current U.S. industry baseline þ PAA prechill
þ PAA postchill 99.89 94.5 0.25 (C) 11, 31, 45, 52, 58, 61

Alternate scenario 2 þ PAA prechill þ PAA
postchill 99.89 94.5 0.26 (C) 52, 58, 60

a PAA, peroxyacetic acid.
b Improvement over current U.S. baseline.
c Final prevalence (postchill) estimated by the poultry risk management tool. C, compliant with current FSIS regulations.
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dards in chicken parts and comminuted products will
require the validation of interventions applied in the cut-up
and deboning rooms of processing facilities.
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