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Abstract

Campylobacter and Salmonella are the top two pathogens associated with poultry-
related foodborne illness, currently responsible for over 800,000 illnesses annually (13). The
reduction of these pathogens on commercial poultry products at the processing plant level is
crucial to reducing the incidence of foodborne illness, as significant reduction in these
pathogens prior to reaching the processing plant may not be easy. Currently, poultry
processing plants use multiple intervention methods at various sites to reduce the
Campylobacter and Salmonella load as much as possible, with few plant management practices
being standard throughout poultry processing. The determination of these best practices is
necessary to maximize the reduction of these foodborne pathogens while minimizing the cost
and waste within the processing plant.

Six poultry processing plants were analyzed in the Southeastern United States in order
to evaluate their current pathogen control practices, suggest changes, and evaluate to the
effectiveness of the changes. Surveys were sent to the plant Quality Assurance managers to
determine production levels, antimicrobial interventions, and current pathogen testing
practices. Then an initial sampling set was taken at each plant, at sites that included carcass
samples before any pre-evisceration intervention, after exiting the inside-outside bird washer
(IOBW), after exiting the pre-chiller, after exiting the primary chiller, and after exiting any post-

chill intervention, as well as a water sample from each scalder, pre-chiller, primary chiller, and



post-chill dip tank or finishing chiller, and finally a pooled manure sample to analyze incoming
microbial load. Enumerations were performed for Campylobacter and Salmonella as well as
enrichments for Campylobacter and Salmonella. After the initial sample set, each plant was
suggested several changes to be made and once the changes were implemented a second
sampling set was conducted to determine the effectiveness of these changes.

The analysis of the various practices showed that peracetic acid (PAA) was the most
effective antimicrobial currently in use. The use of a post-chill antimicrobial immersion tank
and/or use of Cetylpyridinium Chloride CPC spray cabinet also displayed a further reduction in
microbial levels when the primary chiller was not sufficient. Slight microbial buildup occurred in
the immersion tanks, however effective cleaning technigues and chiller maintenance may
minimize these negative effects. Further research on the use of PAA, CPC, and post-chill
immersion tanks may help further optimize plant pathogen control practices throughout the

United States.
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Introduction

Campylobacter species are Gram-negative, motile, spiral-rod bacteria that are part of
the natural gut microflora of poultry as well as other food-producing animals. Similarly,
Salmonella species are Gram-negative, motile, rod bacteria found on many food sources,
including in the natural gut microflora of poultry. The consumption of Campylobacter- and/or
Salmonella-contaminated products can lead to Campylobacteriosis and Salmonellosis infections
respectively. The symptoms of these infections usually include nausea, vomiting, abdominal
cramps, diarrhea, fever, and headache. In severe cases, further complications can occur
including Guillain-Barré syndrome as a result of Campylobacter infection and Reiter’s Syndrome

as a result of Salmonella infection.

The CDC estimates that over 1.8 million cases of foodborne illness were caused by
consumption of Salmonella- and Campylobacter-contaminated food products (5). FoodNet also
found that the incidence rate of Campylobacter and Salmonella infections had increased by
14% and 6% respectively from 2006 to 2011. The low infectious dose of the bacteria (i.e., as low
as a single cell for Salmonella infection and 500 cells for Campylobacter infection) along with
the large number of food sources that have been discovered to harbor these bacteria make the

reduction and elimination of these infectious organisms a high priority for the food industry.



As a result of recent outbreaks of Salmonella from previously-assumed safe food
sources, as well as a continuing increase in the incidence of foodborne illness in the United
States, the Food Safety Modernization Act (FSMA) was signed into law in 2011. This law shifted
the food safety focus from a reaction to foodborne outbreaks to the prevention of the
outbreaks. With this law enacted, the Food and Drug Administration (FDA) would be able to
enforce stricter regulations and performance standards in the food industry, as well as build a
national food safety system so that communication and management of problems could be as

efficient as possible.

When investigating the foodborne sources of Campylobacter and Salmonella infection,
the Emerging Pathogens Institute determined in 2011 that Campylobacter-contaminated
poultry and Salmonella-contaminated poultry were the #1 and #4 food-pathogen pairs as a
cause of foodborne illness in the United States. As a result of this they determined that
contaminated poultry had the greatest public health impact of any food currently in
production, resulting in over 1.5 million infections annually and $2.4 billion in costs of illness

annually (13).

To combat the high risk of poultry-related foodborne illness, new Campylobacter and
Salmonella performance standards were issued in 2011 by the United States Department of
Agriculture Food Safety and Inspection Service (USDA-FSIS). These microbial performance
standards include maximum 5 Salmonella-positive samples out of a 51-sample set, and
maximum of 8 Campylobacter-positive samples out of a 51-sample set. Mandatory retesting is

required for plants that fail initial tests, and the identity of such plants is made publically



available (7). Meeting these new performance standards is a high priority for poultry processing
plants, as continued failed tests could lead to harsh penalties and potential shutdown of the
plant. However the reduction of Salmonella and Campylobacter in poultry production has not

been easy.

The first issue is control of the spread of Salmonella and Campylobacter before the birds
reach the processing plant. The new performance standards and stricter regulations focus on
the processing plant level of production, and currently there are few incentives to reduce the
contamination and spread of the bacteria on the farm. In addition, the ability of Salmonella and
Campylobacter contamination to go undetected in the host bird and the quick spread of the
pathogens within a flock make reducing the rate of contamination at the farm difficult.
Therefore it is left up to the poultry processing plant to eliminate or reduce any pathogen on
the birds along the processing line. This leads to the issue of determining the best pathogen
reduction practices for reduction and elimination of Campylobacter and Salmonella in poultry
processing. The physical processing steps are standard among most poultry processing plants.
Counter-flow scalders are used to remove organic material from the birds as well as soften the
feather follicles for easy feather removal. The birds are also subjected to several rinses to
further remove any organic material from the carcass, including a rinse following evisceration in
an inside-outside bird washer (IOBW). USDA regulation mandates that the birds must then be
chilled to <40°F within 6 hours of slaughter, which is usually accomplished using a pre-chiller

and a primary chiller.



Where poultry processing plants vary is in the intervention points and antimicrobials
used to prevent Salmonella and Campylobacter contamination of poultry carcasses from
reaching the end of the processing line. The incoming bacterial load and subsequent Salmonella
and Campylobacter load can vary from bird to bird, and so intervention strategies must take
into account this variation when analyzing overall effectiveness. In addition, intervention
strategies must be able to reduce or eliminate higher incoming bacterial loads while preventing
cross-contamination so that the processing plant can meet the stricter USDA-FSIS performance
standards. The low infective dose of both pathogens make it paramount that plants meet the

stricter standards as any positive sample is a potential risk for infection to the consumer.

There is currently much debate on the effectiveness of intervention strategies at several
points in the processing line. The use of chemicals such as chlorine and citric acid in the scalders
may reduce the bacterial load, however high levels of organic matter in the scalder water often
reduce their effectiveness. The use of chlorine in IOBW is a standard practice in most plants,
however the use of chlorine in the pre-chiller, primary chiller, and any post-chill intervention
may not be as effective as other chemicals such as PAA and CPC. The use of a post-chill
intervention such as a dip tank, finishing chiller, or a drip-bar system is the last intervention
point to reduce post-chill Salmonella- or Campylobacter-positive carcasses from reaching the

end of the processing line.

There are many variables to take into account when determining the effectiveness of a
plant’s current pathogen intervention methods. Current intervention strategies may only work

due to the low initial bacterial load on incoming carcasses, and may be ineffective if the



bacterial load were to increase. Variation in antimicrobial use concentration, contact time, pH
of the water, bird size, and total immersion versus surface spray alter the effectiveness of

intervention strategies.

In order to run a processing plant as efficiently as possible, intervention strategies must
be analyzed to determine if they are meeting the industry standards, if they are cost-effective,
and if they could be improved. With Campylobacter- and Salmonella-contaminated poultry
continuing to be a major source of foodborne illness, immediate updates and optimizations to
current processing plant intervention practices are necessary to reduce the risk of illness and

prevent future outbreaks.



Chapter 1: Literature Review

1. History of Campylobacter

Campylobacter strains are gram-negative bacilli that have corkscrew shape motility,
which is characteristic and helpful in identification. However as the organisms age or are
stressed the bacteria can become more cocci in shape and lose their corkscrew motility. They
are also motile, propelled by unipolar or bipolar flagella. A temperature of 42°C (the internal
temperature of poultry) and a microaerophillic (5% O,, 15% CO,, 80% N,) environment are the
ideal growing conditions for these organisms, however they can survive outside these
conditions. Even in ideal conditions the organisms have a slow growth rate, usually requiring at

least 48 hours for proper isolation and identification.

Campylobacter species were originally identified as a cause of septic abortions in cattle
and sheep (38), being misidentified as Vibrio fetus. When these animal infections were
compared to human V. fetus infections (causing diarrhea), the organisms appeared to be
identical. In 1973, it was determined that the genus Vibrio did not correctly describe V. fetus’
characteristics (77), and so V. fetus, along with V. coli, V. jejuni, V. sputorum, and V. bubulus
were transferred to the new genus of Campylobacter. New selective media allowed for the
isolation of Campylobacter strains from stool samples, and by the late 1980s, Campylobacter
was determined to be one of the most common causes of bacterial gastrointestinal illness

worldwide (1).



Campylobacter infection is the fourth most common causes of domestic foodborne
illness, estimated to affect over 800,000 people annually (5). It is also the third most common
cause of foodborne illness-related hospitalization and fifth most common cause of foodborne
iliness-related death. Campylobacter jejuni is the most common strain associated with
infection, and at one point it was believed to be responsible for over 99% of infections in the
United States (26). Incidents of Campylobacter infection are usually sporadic, and typically
require an infective dose of 500 cells or more (61). Typical symptoms of Campylobacter
infection, or Campylobacteriosis, include diarrhea, fever, and abdominal cramps.
Campylobacter infections occur by consuming contaminated food or through fecal-oral means,
and are usually self-limiting (lasting up to 1 week) with antibiotics rarely being used. When
antibiotics are used, ciprofloxacin and azithromycin are the drugs of choice, as Campylobacter
strains have become increasingly resistant to fluoroquinolones (1). In rare cases further
complications can result from the infection. Guillain-Barré syndrome is a serious sequel
resulting from Campylobacter infections (2), resulting in acute neuro-muscular paralysis.
Campylobacter infections are also associated with Reiter’s syndrome (57), causing reactive
arthritis (pain particularly in the knee joint), eye irritation, and painful urination. Death from
Campylobacter infections are rare but can occur with infants, the elderly and

immunocompromised persons being most at risk.

To help lower the risk of Campylobacter infection as a result of poultry consumption,
new performance standards were issued by the Food Safety and Inspection Service in 2011,
allowing for only 8 positive samples out of a 51 sample set post-chill in poultry processing

plants. Campylobacter testing will become a higher priority in processing plants, and processing



plants failed tests will be met with stricter penalties. Despite these new regulations

Campylobacter contamination is still a top issue in the poultry industry (7).

2. History of Salmonella

Salmonella strains are gram-negative, bacilli that can be found typically in the intestinal
tract of humans and other animals, although they can be found in numerous other food
sources. Salmonella cells are motile, using peritrichous flagella for movement. When culturing
Salmonella, ideal growth occurs over 24 hours in a 37°C, aerobic environment. However being
facultative anaerobes they can easily colonize and survive in the intestinal tract of many

different animals, and are able to survive in soil and aquatic environments.

Salmonella was first discovered in 1884 when Salmonella choleraesuis was isolated from
pigs with hog cholera (71), and have long since been identified as a human pathogen. Currently,
two species make up the genus Salmonella (Salmonella bongori and Salmonella enterica);
however there are more than 2,500 serovars of S. enterica. Typical symptoms of Salmonella
infection, or Salmonellosis, include diarrhea, fever, and abdominal cramps 1-3 days after
infection. The infection is transmitted by food as well as fecal-oral contact, and is typically self-
limiting, lasting up to a week. Although rare in developed nations, S. Typhi and S. Paratyphi can
cause typhoid fever and enteric fever respectively, leading to systemic infections. In rare cases,
long-term Salmonellosis can lead to Reiter’s Syndrome, causing joint pain, eye irritation, and
painful urination. Death from Salmonellosis is rare with infants, the elderly and

immunocompromised individuals being most at risk.



In the 1980s, S. Enteritidis infection emerged as a major cause of foodborne illness.
From 1976 to 1985, the rate of S. Enteritidis infection increased five-fold and total Sa/lmonella
infection rates increased almost three-fold (4). In 1990, S. Enteritidis surpassed S. Typhimurium
as the top serotype reported isolated from Salmonella infections in the United States (43). From
1985 to 1999, 389 outbreaks of S. Enteritidis were reported, with 298 being associated with egg
products (53). As a result of these and other outbreaks, sweeping reforms to egg regulations
were applied by the USDA to lower future incidences of S. Enteritidis infection. In 1996, the
Foodborne Disease Active Surveillance Network (FoodNet) was created in an effort to combine
lab resources for the reporting and tracking of bacterial infections within the United States. In
1997, use of the Hazard Analysis and Critical Control Points (HACCP) system became mandatory
in United States processing plants to help combat foodborne illnesses including Salmonellosis.
In 1999, the President’s Council on Food Safety announced the Egg Safety Action Plan, with the
goal of reducing egg-associated S. Enteritidis illness by half by 2005, and eliminating egg-
associated illness by 2010. Currently, Salmonella infections are responsible for an estimated 1
million foodborne ilinesses a year (5). Salmonella infections are also the top cause of foodborne
iliness-related hospitalizations and foodborne illness-related deaths. In 2011, new Salmonella
performance standards were implemented by the Food Safety and Inspection Service to further
reduce the incidence of Salmonella-contaminated poultry. The number of Salmonella-positive
samples in a 51 sample set has been reduced to 5 (down from 20%). Any processing plant that
fails sampling will be quickly resampled, and the identity of the company made public. Stricter

penalties may also be applied to plants that continue to fail performance standard testing (7).

3. Issues in Poultry



Current numbers show that an estimated 1.5 million people in the United States are
infected with a poultry-related foodborne illness annually, resulting in over $2.4 billion in costs
of illness and making poultry the top food type associated with foodborne illness (13). Of this,
Campylobacter-contaminated poultry is responsible for over 600,000 illnesses, and Salmonella-
contaminated poultry is responsible for over 220,000 illnesses. If Salmonella-contaminated eggs
are included, the number of illnesses rises to 330,000 illnesses (13). Due to the lack of
consumer reporting of foodborne-related illnesses, these numbers may be underestimated. The
reduction of poultry-related foodborne illnesses is one of the highest priorities in foodborne

illness prevention.

3.1 Campylobacter

Over the past decade, Campylobacter-contaminated poultry has remained steady in the
number of illnesses reported. However, Campylobacter contamination of poultry flocks is still
an important issue that requires multiple hurdles to reduce the risk of contamination. The
initial contamination vector can vary depending on the poultry farm. Insects within the poultry
houses such as flies and beetles are potential carriers (64, 31). Rodents also can carry
Campylobacter into broiler housing (20). However, the most common sources of Campylobacter
contamination in broiler flocks are typically through the water supply and fecal-oral
transmission. If the drinking water for the birds is unchlorinated, Campylobacter can easily
survive (although it cannot grow) and enter the birds digestive tracts (56). Farm workers can
bring in Campylobacter on their clothing and boots, depositing the organism in the litter, air

and drinking water in the housing (34). After the organism is introduced into the broiler flock, it

10



is quickly spread. There is some evidence to suggest vertical transmission of Campylobacter
between the hen and the chick (55) and colonization of the birds can also occur within a few

weeks of hatching by the boots and clothing of farm employees (28).

Once Campylobacter has colonized the gut of a bird, the caprophagic nature of chickens
facilitates the fecal-oral spread within the flock (44). The use of communal drinking water
sources also allows for a rapid spread within flocks after initial Campylobacter introduction,
with up to 100% infection occurring within a few days of initial colonization (67). The
microaerophillic atmosphere within the gut and the body temperature of the broiler (42°C) are
ideal conditions for Campylobacter growth. Campylobacter colonizes throughout the gut of the
broiler, however the highest numbers of Campylobacter are usually found in the mucosal layer
of the caecum, sometimes reaching as high as 10° CFU/g of contents within 3 days of
contamination (46). Since Campylobacter is a commensal organism in poultry, there are no
visible symptoms of contamination. The commensal nature and rapid flock spread makes farm-

level control of campylobacter difficult.

During transport and processing, cross-contamination is the main source of
Campylobacter spread in broilers. Feed withdrawal must occur between 8-12 h prior to
processing to reduce fecal cross-contamination as much as possible. If the feed is withdrawn
less than 8 h before processing, the gut of the broiler may still contain a large amount of fecal
matter, with release occurring during transport. If the feed is withdrawn greater than 12 h
before processing, the intestinal tract becomes lose and weak. This causes the tract to easily

tear during the evisceration process, causing fecal contamination of the bird during processing

11



as well as increasing the risk of cross-contamination with nearby birds. During transport, stress
and confinement allows for fecal contamination to be spread between birds within each cage.
In addition, cages are frequently unwashed/disinfected or not washed/disinfected to an

adequate level between uses, allowing for further cross-contamination (30).

After transport, Campylobacter cross-contamination occurs in the scalders, pickers,

chillers and post-chill dip tanks. Scalders usually operate at a temperature of 50°C to 55°C,

which is not hot enough to eliminate Campylobacter from the water supply. Due to the high
organic load, the use of an antimicrobial is impractical, and so the potential for cross-
contamination between birds passing through the scalder tanks is high. Campylobacter jejuni
has also been recovered from the feather pickers in processing plants (80). The rubber fingers
of the pickers used to remove the feathers can easily pick up and spread Campylobacter from a
contaminated bird, allowing for a high potential for cross-contamination on uncontaminated
birds. Further studies have supported this hypothesis, showing significantly higher counts of
Campylobacter after birds passed through the feather picker (16). In pre-chillers and primary
chill tanks, low levels of Campylobacter may survive the antimicrobials added to the chiller
water, potentially cross-contaminating the birds in the final processing steps. Even with current
intervention methods, complete elimination of Campylobacter from all poultry carcasses is not
expected. Retail chicken should not be assumed to be Campylobacter-free, and one study

showed a rate of 98% contamination for retail chicken meat, albeit at low concentration. (73).

3.2 Salmonella

12



Despite the stricter poultry regulations, HACCP implementation, and FoodNet
implementation as a result of the S. Enteritidis epidemic of the 1980’s and 1990’s, foodborne
illnesses due to Salmonella infection has remained unchanged. Like Campylobacter, the

elimination of Salmonella from poultry requires the focus on all steps in poultry processing.

There are many vectors in which Sa/lmonella can be brought into the broiler housing and
hence, can be difficult to determine the primary source of contamination. Rodents are an
animal reservoir for Salmonella, acquiring the pathogens from outside sources and then
spreading the pathogens throughout the housing through contaminated droppings (24). Insects
such as flies and beetles are also potential carriers of Salmonella into the poultry housing (49,
25), and can contaminate the water supply as well as the litter. Dust in the broiler housing can
also carry Salmonella between flocks, bypassing the regular cleaning and disinfecting of the
pens (40, 63). Salmonella contamination can also be brought in on the boots and clothing of
farm workers, and one study showed that 20.0% of farm workers’ boots were contaminated by
Salmonella (40). Non-chlorinated water supplies as well as feed ingredients are potential
vectors for Salmonella contamination of the flock (27, 11), with less than one CFU/g of feed
able to colonize broilers (79). Once Salmonella has contaminated the broiler it can survive
during the entire rearing process. Colonizing in the mucosal surfaces of the gut, it forms a
commensal relationship with the broiler. There are usually no visible signs of Salmonella

infection in the broiler, making it difficult for farm workers to remove the contaminated birds.

Typically Salmonella presents lower cell counts in broilers than Campylobacter

contamination. However the same risks for cross-contamination still apply. At the end of the

13



rearing stage, proper feed removal time is again important in preventing cross-contamination
of Salmonella during transport and evisceration. Cross-contamination can occur during
transport, with crate contamination being a risk factor for bird exposure, but can also bring
Salmonella back to a clean farm environment (50). Even when the levels of Salmonella on
transport crates may be too low to recover, there is still a risk (68). Salmonella has also been
recovered among the cleaned crate racks and can survive in the scalder tanks in processing
plants (50), both of which increase the potential for cross-contamination at the processing
plant. Low Salmonella recovery on subsequent control points (such as the inside-outside bird
washers) may also be due to the removal of the bacteria from broiler carcasses during earlier

control points and not as a result of the current equipment cleaning methods (50).

4. Pathogen Control

4.1 In Farm and Transport

Raising Campylobacter- and Salmonella-free broiler flocks is the ideal prevention
method to prevent initial contamination of the birds. Current methods to prevent or lower
pathogenic growth in poultry include the use of probiotics, vaccinations, and antibiotics. Early
probiotic use in broiler chick diets has shown a reduction in the Salmonella levels in the ceca
and liver, suggesting competitive exclusion may help lower contamination rates of broilers (10).
Maternal vaccination against Salmonella has also shown a reduction in Salmonella levels in the
liver (10). Oral vaccination against Campylobacter jejuni showed large reductions in counts in
the vaccinated chick ceca (60), however, the use of antibiotics in poultry has reduced greatly, as

flouroquinolone resistant strains of Campylobacter jejuni emerged following the use of the
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antibiotic in poultry (58). Likewise, the use of antibiotics in poultry production has led to
sulfadiazine, neomycin, tetracycline, and streptomycin resistant strains of Salmonella Enteritidis

in Spain (21).

Proper cleaning and disinfection of the broiler may help prevent subsequent flocks from
being exposed to Campylobacter strains left by previous flocks (76). In addition, having separate
boots and clothing stored within each broiler house may help prevent cross-contamination of
Campylobacter due to human exposure (76). Sanitization of the chick eggs may help prevent
Salmonella contamination from penetrating the egg shell or attaching to the transport crates
(18). Proper cleaning and disinfection of the breeder houses, hatcheries and transport vehicles
can prevent Campylobacter and Salmonella from being brought to the broiler houses. Proper
insect control and rodent control may prevent contamination of the litter, feed and water
supplies by pest feces. Chlorination of the water supply may be effective against Salmonella
and Campylobacter contamination; however in low levels it has shown no significant difference

when compared to unchlorinated water (74, 59).

4.2 In Plant Processing Equipment

The scalder is the first point of reduction in microbial load in a poultry processing plant.
The main purpose of the scalder is to loosen the feather follicles of the broilers to allow for easy
removal of the feathers further down the processing line. Significant reductions of
Campylobacter on broiler carcasses have been observed when pre-scald carcasses were
compared to post scald carcasses after a hard scald rinse in a three-stage counterflow tank (16).

Reductions in Campylobacter and Salmonella are also observed when water samples are
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compared after each stage in a three-stage counterflow tank (22). When chemicals such as
sodium hydroxide or a copper sulfate sanitizer are added to the scald water, further reductions
in Salmonella may be observed (41, 65). Increasing the pH can reduce the prevalence and count
of Campylobacter on broiler carcasses (17). Increasing the temperature may also reduce
bacterial survival in the scald water (69); however any reduction in bacterial load may be short
lived if intestinal contents are released during evisceration (80). In addition, too high of a
scalder temperature may result in epidermis damage, exposing underlying tissues and allowing

foodborne pathogens to adhere to tissues (69).

After evisceration, high pressure carcass washers are used as physical means of fecal
and bacterial removal in poultry processing plants. The three most common types of carcass
washers in poultry processing plants are brush washers, cabinet washers, and IOBW (34). Brush
washers work by using high pressure sprays and rubber fingers moving at a high speed to
remove any fecal matter and other debris from the outside of the broiler carcass. Cabinet
washers are similar to brush washers; however only high pressure spray nozzles are used to
remove debris from the outside of the broiler carcass. IOBW use an internal probe to enter the
bird carcass, using a high pressure spray to remove debris and fecal matter from the inside of
the carcass in addition to the outside sprays. If an antimicrobial is used in these cabinets, it is
typically chlorine in a concentration of 30 to 50 ppm (not to exceed 20 ppm). While these
carcass washers may remove fecal matter and debris from the carcass, the reduction of food
pathogens has varied when tested. One study showed that using IOBW resulted in a 2 log
CFU/mL reduction of Salmonella counts (48) whereas, another study displayed a less than 1 log

CFU/mL reduction on Campylobacter counts (12).
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As per USDA standards, broiler carcasses are required to be cooled rapidly after
evisceration to prevent bacterial growth. This is usually done using a pre-chiller and an
immersion primary chiller in the processing plant. The pre-chiller the removal of any blood or
organic matter left on the bird prior to entering the primary chiller with a broiler carcass
typically in the pre-chiller water for 30 minutes to 1 hour. Some plants use a direct addition of
an antimicrobial to the pre-chiller to reduce bacterial load, however most plants use the
primary chiller inflow to add any antimicrobial to the water. After exiting the pre-chiller, broiler
carcasses enter the primary chiller tank. The carcass usually spends 1 to 2 hours in the primary
chiller, and the carcass temperature is brought down to <40°F within 4 hours of
evisceration/slaughter. Antimicrobial interventions are focused on this step of processing in
most plants, because of extended contact time with the carcass. Agitation, countercurrent flow,
and a higher concentration of the preferred antimicrobial are used to reduce the bacterial load
on a broiler carcass as much as possible. Studies have shown a significant reduction in
Campylobacter when antimicrobials are used during the primary chilling process (52). Typically
chlorine or peroxyacetic acid are used as the antimicrobial; however the antimicrobial and

concentration used can vary between plants.

Alternatively, a plant may use an air-chilling system to reduce broiler carcass
temperatures. An increased risk of cross-contamination of Campylobacter and Salmonella in
immersion chiller water has been shown when compared to air chilling (66), making air chilling
a preferred choice in some countries. Antimicrobials are not usually used during air chilling,

making the process less of a focus for bacterial load reduction.
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While studies have shown that the primary chilling process significantly reduces the
bacterial load, many carcasses still exit the chiller with positive numbers of Campylobacter still
attached (52). In an attempt to further reduce the microbial load and lower the amount of
Salmonella and Campylobacter-positive carcasses, the use of a post-chill dip tank or finishing
chiller has recently gained popularity in poultry processing plants throughout the United States.
A post-chill dip tank finishing chiller uses a higher concentration of antimicrobials than in the
primary chiller (usually 2 to 3 times greater), but reduces the contact time of the broiler carcass
to 30 seconds in order to avoid quality defects and high chemical residue. The use of these
tanks is relatively new to the industry; however one study showed a reduction of both
Salmonella and Campylobacter on broiler carcasses when several different antimicrobials were
used in a post-chill immersion tank (45). In addition to a post-chill dip tank or finishing chiller,
some poultry processing plants also use either a post-chill spray cabinet or post-chill spray bar
as a final intervention/corrective action step; however the effectiveness of these interventions

has not been reviewed.

4.3 Antimicrobials

Chlorine. Chlorine has been used for over 50 years in the poultry industry as an
antimicrobial, and is still one of the most popular and effective methods of pathogen reduction
on poultry carcasses. Low cost and availability make chlorine an easy choice as an antimicrobial
in immersion chillers and other large tanks. Sodium hypochlorite, a common source of chlorine,
forms hypochlorous acid when dissolved in water. The hypochlorous acid then reacts with the

bacterial cell, shutting down vital systems and killing the cell. The USDA has the currently

18



acceptable levels of total chlorine at 20 ppm in bird washers and 50 ppm incoming potable
water to the primary chiller, and 5 ppm in the reuse water, or red water entering the pre-chiller

(8).

The efficacy of chlorine is dependant on several factors, including the pH of the water,
the organic matter in the water, and the contact time with the bacterial cell. An ideal pH for
chlorine is 6.0, where chlorine almost completely hydrolyzes into hypochlorous acid. Keeping
the pH of the water used in poultry processing near 6.0 can be difficult, and the higher the pH is
increased, the less effective chlorine is as an antimicrobial. A study by Blaser et al. (18)
displayed that at a pH of 6.0, only 0.1 mg/L of free available chlorine was needed to inactivate
99% of three Campylobacter jejuni strains after 5 minutes of contact. At a pH of 8.5, only 8% of
chlorine hydrolyzes into hypochlorous acid, and so the dosage of chlorine needed to be
effective as an antimicrobial is much higher. In primary chilling tanks and any other immersion
tank in poultry processing, organic load is one of the biggest factors in reducing the efficacy of
chlorine as an antimicrobial. Organic matter and other impurities in the water will react with
the chlorine, reducing the amount of chlorine available to form hypochlorous acid. This is
known as the chlorine demand of the water, and any chlorine added to the water over the
chlorine demand is known as free residual chlorine. The higher amount of free residual chlorine
in the water, the more effective the chlorine is as an antimicrobial, however too high of a level
of free residual chlorine in the water can produce a hazardous amount of chlorine gas
emanating from the immersion tanks. The contact time is also important in determining the
effectiveness of chlorine as an antimicrobial. Northcutt and Jones (47) found that a free

available chlorine concentration of 50 ppm had no effect on Campylobacter and Salmonella
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levels when used in an inside-outside bird washer with a contact time of 5 seconds. Mead et al.
(42) also observed that 10-20 ppm of chlorine had little to no effect on carcass contamination
when used in a post-evisceration spray. When used in immersion chillers, the longer contact
time of the chlorine is counteracted by the amount of organic matter in the water, which
reduces the free available chlorine and lessens its effectiveness against pathogens such as
Salmonella (32). In addition, Yang et al. (82) showed that the antimicrobial effect of chlorine
against Campylobacter is significantly reduced with increased time of chlorine in the water, and
Kameyama et al. (33) showed that the levels of chlorine concentration decreased, the longer it

remained in the chiller water.

Peracetic Acid (PAA). Peracetic acid is quickly becoming one of the most used
antimicrobials in the poultry industry. PAA (or PAHP) is typically introduced into the water as a
combination of peracetic acid and hydrogen peroxide creating equilibrium in the water. The
mixture works as both an oxidizer and acid, disrupting the permeability of the cell membrane
and altering protein synthesis. The current USDA standards for peracetic acid use are 220-ppm
peracetic acid, 110-ppm hydrogen peroxide in sprays and chiller water, and 2000-ppm peracetic

acid in a post-chill dip (8).

The efficacy of peracetic acid has been shown to be strong in several applications. At 85
ppm in chiller water, PAA reduced Salmonella-positive carcasses by 92% and Campylobacter-
carcasses by 43% (14). Chantarapanont et al. (23) also found that the level of Campylobacter
jejuni on chicken skin was significantly reduced when submerged in a solution containing 100

ppm of peracetic acid for 15 minutes. Salmonella-positive broiler carcasses showed a 2.1 log
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CFU/mL reduction and C. jejuni-positive carcasses showed a 2.0 log CFU/mL reduction when
exposed to 1000 ppm of PAA for 20 seconds in a post-chill immersion tank (45). Bauermeister
et al. (14) also showed that 200-ppm PAA had a 1 log CFU/mL greater reduction of Salmonella
on broiler carcasses when compared to 30 ppm of chlorine after a 1 hour chiller exposure.
There was also little to no quality loss when peracetic acid-treated poultry samples were

compared to control samples in a sensory panel (14).

Trisodium Phosphate (TSP). TSP is a mixture typically used as a spray in online
reprocessing (OLR) or carcass rinse cabinets. When TSP comes in contact with a carcass, the
antimicrobial reduces bacterial counts through its high pH of 11.0, which removes some of the
surface fat on the carcass (containing bacteria), removing attached surface bacteria, and
disrupting the bacterial cell membrane. The USDA has approved the use of a 12% solution of
TSP on poultry carcasses; however there are several negative effects to its use. When residual
TSP on the poultry carcasses enters the immersion tanks, it raises the pH of the water, reducing
the antimicrobial effectiveness of any other chemicals (such as chlorine) used in conjunction.
The cleaning of the carcasses to prevent this buildup can be costly for a company (3). In
addition the phosphate concentration of the waste water of a plant increases, requiring further

methods of action to prevent environmental pollution (51).

Despite these negative effects, TSP is an effective antimicrobial against many foodborne
pathogens. Somers et al. (72) showed a reduction of both Campylobacter and Salmonella
biofilms when exposed to 8% TSP for 2 minutes. Hwang (1995) showed a significant reduction

in viable Salmonella cells on chicken skin washed with a 1% TSP solution for 30 minutes.
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Rodriguez de Ledesma et al. (62) showed a 93.45% reduction in Salmonella Typhimurium on
chicken wings when exposed to 10% TSP for 15 seconds. Li et al. (39) showed a 3.7 log CFU/mL
reduction of S. Typhimurium when chicken carcasses were sprayed with 10% TSP for 5 seconds.
Whyte et al. (81) showed a 1.71 log CFU/g reduction in Campylobacter on poultry neck skin

when dipped in a 10% TSP solution for 15 seconds.

Cetylpyridinium Chloride (CPC). CPC is a quaternary ammonium compound (typically
used in oral antiseptics) recently approved for use to treat the raw surface of poultry carcasses.
CPC attacks the foodborne pathogens by increasing the permeability of the cell wall, causing
lysis and reduced attachment to the poultry skin. Due to the nature of the compound, the
USDA-FSIS has only approved the use of 0.3 g CPC per pound of poultry. If it is used in a dip, the
dwell time cannot be longer than 10 seconds and 99% of the solution must be recycled from
the carcass, usually through a secondary rinse (8). This is to prevent a toxic effect to consumers

due to the consumption of CPC residue left on poultry carcasses.

The effectiveness of CPC as an antimicrobial has been demonstrated in both
Campylobacter and Salmonella. Arritt et al. (9) displayed a 2.89 log CFU/mL reduction in C.
jejuni levels on chicken skin when 0.5% CPC was applied to the sample. Li et al. (39)
demonstrated a 1.6 log CFU/mL reduction of Salmonella Typhimurium when 0.1% CPC was
applied for 90 seconds to broiler carcasses. Beers et al. (15) showed that 0.5% CPC applied to
pre-chill broiler carcasses, reduced Campylobacter and Salmonella incidence from 98% and 34%

on untreated carcasses to 8% and 9% on CPC treated carcasses, respectively.

22



Acidified Sodium Chlorite (ASC). Acidified sodium chlorite is typically used as a
disinfectant in the medical field, and was approved by the USDA for use as an antimicrobial in
poultry production in 1999. ASC works in a pH range of 2.2-3.0 and oxidizes the bacterial cell
wall, attacking disulfide links and the amino acids located in the cell wall. Applied as a spray or
dip prior to chiller immersion in poultry production, ASC is approved so that the acid used
(typically citric acid) reduces the pH of the solution to a low level (2.0-3.0) and the sodium
chlorite concentration is limited at 1200 ppm (8). When used in a pre-chiller or primary chiller,

the sodium chlorite limit is reduced to 50-150 ppm.

Kemp et al. (36) found that when used as a pre-chill spray, fecal contamination was
removed and a Campylobacter reduction of 1.75 log CFU/mL was observed compared to
carcasses that were taken off-line for reprocessing. Kemp et al. (36) also found that poultry
carcasses treated online with an ASC system reduced the incidence of Salmonella from 31.6% to
10.0% when compared to standard offline reprocessing procedures. Oyarzabal et al. (52)
observed a reduction of Campylobacter concentrations to less than 0.2 log CFU/mL on

carcasses treated with ASC.

Chlorine Dioxide. Chlorine dioxide (ClO,) as an antimicrobial has been used as a gas
disinfectant for over a century, and in 1999 the FDA approved the compound in an aqueous
solution for use in poultry processing water and it is currently approved in immersion tanks
with a maximum residual chlorine dioxide level of 3 ppm (8). Chlorine dioxide has an oxidizing
power 2.5 times stronger than chlorine, is less affected by pH change, and does not react with

ammonia. Similar to ASC, it disrupts the permeability of the bacterial cell membrane,
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preventing protein synthesis and preventing nutrient transport. The smaller dosage required
for effective microbial control makes it a cost-effective option for processing companies,
however there may be a slight bleaching effect on poultry skin (75). An experiment by Smigic et
al. (70) showed that 97% of Campylobacter jejuni cells were injured when exposed to 20 ppm

ClO, for 2 minutes.

Irradiation. Irradiation is a physical treatment of the poultry carcass designed to attack
the critical bacterial cell components and damage the DNA to a point of cell inactivation and
death. Unlike other antimicrobial treatments irradiation can penetrate all areas of the poultry
carcass, making it a more thorough intervention. The USDA has currently approved irradiation
for use in poultry production at a maximum dose of 3 kGy, however it is not yet widely used in
the industry. Patterson (54) found that a radiation dose of 2.5 kGy was sufficient in eliminating

several Campylobacter strains of up to 10.0 log CFU/mL on poultry meat.

5. Summary

Foodborne illness caused by Salmonella- and Campylobacter- contaminated poultry
continues to be an issue in the industry despite stricter regulations and advancement in
detection methods. Current on-farm prevention techniques show some effect in the reduction
of Salmonella and Campylobacter in broiler flocks, but due to the large amount of
contamination sources and the rapid spread within a flock elimination of the pathogens at the
farm level may be impractical. Many current processing plant antimicrobials have shown
reductions in different stages of the processing line; however Salmonella and Campylobacter

contamination of the broiler carcass still remains an issue in post-processing and retail. Due to
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current consumer perception and up-front expenses, more effective antimicrobial treatments
such as gamma irradiation remain scarce in industry usage. Many current antimicrobial
treatments, including chlorine and PAA are also banned in several countries, forcing processing
plants to use less effective antimicrobials to increase export sales. In Europe, most in-plant
chemical treatments of broiler carcasses are banned, leaving it up to the farm level to prevent
Salmonella and Campylobacter contamination from reaching the processing plant. Proper
consumer education, the development of cost-effective antimicrobials, and setting global
industry practice standards should be the focus to assist in the global reduction of poultry-

related foodborne illness.
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Chapter 2: Evaluating the Best Management Practices for Campylobacter and Salmonella

Reduction in Southeastern Poultry Processing Plants
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2.1 Introduction

Contaminated poultry products are the cause of over 1.5 million cases of foodborne
iliness annually in the United States, resulting in over $2.5 billion in cost of illness.
Campylobacter and Salmonella are the top two pathogens associated with poultry-related
foodborne illness, accounting for 800,000 cases of infection alone (13). From 2006 to 2011, the
incidence of Campylobacter infection had increased 14% and the incidence of Salmonella
infection had increased 6%, with poultry continuing to be a primary reservoir for the pathogens
(6). To help reduce the incidence of poultry-related foodborne illness, new performance
standards for poultry processing plants were implemented in 2011 by the USDA-FSIS. The new
standards included reducing the acceptable number of Salmonella-positive samples in a 51-
sample set to five and the acceptable number of Campylobacter-positive samples in a 51-
sample set to eight. Immediate follow-up testing will occur if a plant fails initial testing, and
based on the follow-up test results the FSIS may Web-post individual plants that failed testing
for public viewing. If current performance trends continue to decline, then further action may

be taken in the future (7).

Salmonella and Campylobacter form a commensal relationship with the chicken, making
contamination difficult to detect at the farm level. In addition, the spread of the pathogens
within flocks can be rapid due to the caprophagic nature of the bird, as well as the transfer of
the pathogens through outside sources such as communal water and farm employees.
Transportation of the live birds to the processing plant is another source of cross-contamination

as the transport crates may be poorly sanitized between flocks. Weather conditions and holding
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times are also potential causes of cross-contamination of poultry during transport. High
temperatures can cause heat stress among, which in addition to longer holding times can lead
to increased fecal shedding among flocks. Due to these issues with live birds, poultry processing
companies are adjusting their in-plant intervention methods to meet the stricter regulation

guidelines.

Currently there are no standard best management practices for pathogen reduction in
poultry processing plants. Zero fecal contamination and <40°F carcass temperature exiting the
chiller are required critical control points regulated by the USDA. One aspect that varies greatly
between plants is the antimicrobials treatments used to reduce Salmonella and Campylobacter

load on poultry carcasses.

While the antimicrobial treatments used in each plant may vary greatly, scalder tanks,
inside-outside bird washers (IOBW), a pre-chiller, and a primary immersion chiller are usually
the standard intervention points. However the number of scalders, number of pre-chillers, and
whether or not a post-chill intervention (such as a finishing chiller or dip tank) is used in the
production line can vary between plants. Immersion time of the poultry carcass in the pre-

chiller and primary chiller is also non-standard between plants.

With all of the intervention options available to processing plants, the focus of this study
was to determine which management practices were best for reducing the number of
Campylobacter and Salmonella-positive broiler carcasses exiting the production line, as well as
reducing the microbial load of the carcass. In determining these best management practices

poultry processing plants can adjust their production lines to meet and exceed USDA standards.

28



The resulting practices would reduce the costs of production as well as ensure the consumer

that safe poultry products are exiting the processing plant.

2. Materials and Methods

Surveys. Surveys were sent out to the QA managers of eight processing plants in the
Southeastern U.S. to assess the plants current production size, cleaning methods, operation
setup, antimicrobials used, and the foodborne pathogens regularly tested on-site. Based on the
results of the surveys, six out of the eight processing plants were identified for sampling and
the initial sampling procedures were planned to fit each processing plant. The sampling focused
on the intervention points along the processing line as well as several points of possible cross-
contamination.

Initial Plant Sampling. After the surveys were completed, sampling kits for six of the
processing plants were prepared. Each plant was sampled twice during the week (Monday and
Thursday) during the winter months (November-February) for microbial analysis. Carcass rinse
samples were taken before the inside-outside bird washers in the plant, before the broiler
carcasses entered the pre-chiller, between the pre-chiller treatment and primary chiller
treatment, after the primary chiller treatment, and after the post-chill antimicrobial treatment
(if applicable). In addition, water samples were taken from each scalder, the pre-chiller(s), the
primary chiller, and the finishing chiller or dip tank (if applicable) using a collector scoop.
Finally, a manure grab was taken from the end of the shackling belt to assess incoming
microbial load. A total of 25 bird rinses, made up of 400mL of buffered peptone rinse (Neogen®,

Lansing, MI) were prepared and sterilized for transport. Two mL syringes of sodium thiosulfate
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were also prepared for each water sample to neutralize any residual antimicrobial. Five broiler
carcasses were randomly taken off the production line at each sampling location and combined
in a sterile rinse bag with a 400mL buffered peptone rinse. The carcasses were then subjected
to a 1 minute carcass rinse, after which they were placed back onto the production line. The
rinse was then added to a sterile stomacher bag and sealed for transport. Water samples were
collected from all tanks within the processing plants, added to a sterile stomacher bag, and
combined (if necessary) with 2mL of sodium thiosulfate to neutralize any residual effect of an
antimicrobial. All stomacher bags were packed in ice and transported back to the laboratory at
Auburn University for analysis.

Laboratory Preparation and Testing.
Day 1: Once samples were received at the laboratory, the manure sample was diluted using a 1
to 3 dilution of buffered peptone water (BPW) (Neogen®, Lansing, MI) in a stomacher bag, and
stomached for 1 minute. Thirty mL of each sample was combined with 30 mL of sterile Bolton
broth (Neogen®, Lansing, M) with 2X strength Bolton broth selective supplement (EMD
Chemicals Inc., Gibbstown, NJ) (made up of 10mg vancomycin, 10mg cefoperazone, 10mg
trimethoprim, and 5mg amphotericin B) in a stomacher bag and sealed in a microaerophilic
environment for 48 hours at 42°C for Campylobacter enrichment. Thirty mL buffered peptone
was added to 30mL of the water samples and all buffered peptone samples were incubated for
24 hours at 37°C for Salmonella enrichment. One mL of each sample was also combined with
9mL of 0.1% peptone (Neogen®, Lansing, MI), for 1 to 10 dilutions, up to a 107 dilution (manure
grab samples were increased to a 10°® dilution). 100-uL of each dilution was plated onto Xylose

Lysine Tergitol-4 (XLT-4) (Neogen®, Lansing, MI) agar (4.6mL/L XLT-4 supplement added
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(Neogen®, Lansing, Ml)) for enumeration of Salmonella. XLT-4 plates were incubated for 24
hours at 37°C. Campy-Cefex agar (Neogen®, Lansing, Ml) plates (50mL/L laked horse blood
(Quad Five, Ryegate, MT) and 0.033g/L Cefoperazone (Toronto Research Chemicals Inc., North
York, ON Canada)added) were used for Campylobacter enumeration, 100-uL of each sample
added to the 10 and 10™ dilution plates, and 250-uL added to four Campy-Cefex plates (for a
total of 1-mL sampled) in compliance with USDA standards. Campy-Cefex plates were incubated
in a microaerophilic environment for 48 hours at 42°C. Detection limits for Campylobacter
enumeration occurred at 1 CFU/mL and detection limits for Salmonella enumeration occurred
at 1 CFU/200pL.

Day 2: After 24 hours XLT-4 plates were counted and recorded in CFU/mL. 100-puL of each
Salmonella enrichment buffered peptone samples were transferred into 10mL of Rappaport
Vassiliadis (RV) (Neogen®, Lansing, MI) broth and incubated at 37°C for an additional 24 hours.
Day 3: After 48 hours Campy-Cefex plates were counted and recorded in CFU/mL. Each
Campylobacter enrichment sample in Bolton broth was streaked onto a Campy-Cefex plate and
incubated at 42°C for 48 hours to test for Campylobacter prevalence. Each Salmonella
enrichment sample in RV broth was then streaked onto a XLT-4 plate and incubated at 37°C for
24 hours to test for Salmonella prevalence.

Day 4: After 72 hours XLT-4 streak plates were analyzed for Salmonella prevalence and any
positive samples were recorded.

Day 5: After 96 hours Campy-Cefex streak plates were analyzed for Campylobacter prevalence

and any positive samples were recorded.
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Initial Sampling Analysis and Secondary Sampling. All enumeration samples and all
positive Campylobacter and Salmonella samples in each plant were recorded and intervention
methods were compared. Based on the results, changes to one or more intervention methods
were recommended to each processing plant, following which a secondary sampling set was
performed at each processing plant during the summer months (May-August), and adjustments
were made to the amount of samples taken based on the changes made within each plant.
After the second set of samples were taken, analysis within each sampling set and between the
first and second sampling set to determine microbial loads, the effect of the changes, and the

effect of seasonal weather on microbial loads were performed.

3. Results
Note: In all plants, Salmonella survival was below detectable levels in all carcass rinse samples,
water samples and the manure grab samples (Detection limit = 1 CFU/200uL).

Plant A: Analysis of microbial load and buildup. The production line of Plant A included
3 scalder tanks, an inside-outside bird washer (IOBW), two pre-chillers (a 20 minute rocker pre-
chiller and a 30 minute screw pre-chiller), a 90 minute primary chiller, and a post-chill rinse bar
system. Chlorine was used as the antimicrobial in the IOBW (50 ppm), two pre-chillers (50
ppm), primary chiller (50 ppm), and post-chill rinse bar system (30 ppm). Initial carcass samples
from Plant A were taken before entering the IOBW, after exiting the IOBW, after exiting the 2"
pre-chiller, after exiting the primary chiller, and after exiting the post-chill rinse bars. Water
samples were taken from the three scalder tanks, the two pre-chillers, and the primary chiller.

A manure grab was taken from the end of the shackling belt.
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When the 1% Monday sampling period was compared to the 1* Thursday sampling
period (Fig. 1.1), the 1° Thursday bird samples displayed significantly (p<0.05) higher
Campylobacter counts after the IOBW, increasing from 0.79 Log CFU/mL to 1.71 Log CFU/mL.
When the 2™ Monday sampling period was compared to the 2" Thursday sampling period (Fig.
1.1), the 2" Thursday bird samples displayed significantly (p<0.05) higher Campylobacter
counts post pick and after exiting the pre-chiller, increasing from 1.59 Log CFU/mL to 2.90 Log
CFU/mL and 1.18 Log CFU/mL to 1.88 Log CFU/mL respectively. The 2" Thursday pre-chiller
water sample (Fig. 1.2) also displayed a higher survival rate of Campylobacter, increasing from
1.28 Log CFU/mL to 2.55 Log CFU/mL.

Effectiveness of changes made within the plant. Changes that were made at the plant
included removing one of the pre-chillers, changing from a post-chill rinse bar system to a post-
chill dip tank, and switching from chlorine to peracetic acid (PAA) as the antimicrobial used in
the primary chiller (10 ppm) and post-chill dip tank (100 ppm). The chemicals used in the
scalder were also removed. As a result of the changes, the 2 pre-chiller water sample was
removed and a post-chill dip tank water sample was added.

When the 1* Monday sampling period was compared to the 2" Monday sampling
period (Fig 1.1), the 2" Monday bird samples displayed significantly (p<0.05) higher
Campylobacter counts after exiting the IOBW and after exiting the pre-chiller, increasing from
0.79 Log CFU/mL to 1.40 Log CFU/mL and 0 CFU/mL to 1.18 Log CFU/mL respectively. When the
1* Thursday sampling period was compared to the 2" Thursday sampling period (Fig1.1), the
2" Thursday bird samples displayed significantly (p<0.05) higher Campylobacter counts after

exiting the pre-chiller, increasing from 0.19 Log CFU/mL to 1.88 Log CFU/mL.
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Salmonella Enrichments. In the 1% sampling set, Salmonella was detected in two scalder
water samples on Monday and Thursday as well as the Thursday pre-chiller water sample and
one post-chill bird sample (Table 1.1).

In the 2™ sampling set, Salmonella was detected in the manure grab sample on Monday
and Thursday as well as the 1* scalder tank on Monday.

Plant B: Analysis of microbial load and buildup. The production line of Plant B included
3 scalder tanks, an inside-outside bird washer (IOBW), one 20 minute pre-chiller, and a 120
minute primary chiller. No post chill intervention was used, with a spray bar only used for
corrective actions. Chlorine was used as the antimicrobial in the IOBW (50 ppm), and peracetic
acid (PAA) was used as the antimicrobial in the pre-chiller (residual concentration from primary
chiller overflow) and primary chiller (25 ppm). Initial carcass samples were taken before
entering the IOBW, after exiting the IOBW, after exiting the pre-chiller, and after exiting the
primary chiller. Water samples were taken from each scalder tank, the pre-chiller, and the
primary chiller. A manure grab was taken from the end of the shackling belt.

When the 1* Monday sampling period was compared to the 1% Thursday sampling
period (Fig. 2.1), the 1° Thursday bird samples displayed significantly (p<0.05) higher
Campylobacter counts after exiting the IOBW and after exiting the pre-chiller, increasing from
0.06 Log CFU/mL to 0.65 Log CFU/mL and 0.16 Log CFU/mL to 0.79 Log CFU/mL respectively.
The 1°' Thursday pre-chiller water sample (Fig. 2.2) also displayed higher Campylobacter
survival, increasing from 0.48 Log CFU/mL to 1.15 Log CFU/mL. When the 2" Monday sampling
period was compared to the 2" Thursday sampling period (Fig. 2.1) bird samples displayed no

significant (p=0.05) difference in Campylobacter load.
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Effectiveness of changes made within the plant. Changes made included adding a
finishing chiller after the primary chiller, increasing the scald time of the birds, and switching
from PAA to bromine as the antimicrobial in the primary chiller (10 ppm) and finishing chiller
(140 ppm). As a result of the changes, five bird samples were added after exiting the finishing
chiller, and a water sample was added from the finishing chiller.

When the 1 Monday sampling period was compared to the 2 Monday sampling
period (Fig. 2.1), the 2" Monday bird samples displayed significantly (p<0.05) higher
Campylobacter counts post-pick and after exiting the IOBW, increasing from 0.53 Log CFU/mL
to 1.78 Log CFU/mL and 0.06 Log CFU/mL to 1.55 Log CFU/mL respectively. The 2" Monday
manure grab sample (Fig. 2.2) also displayed a higher initial Campylobacter load, increasing
from 4.92 Log CFU/mL to 6.29 Log CFU/mL. When the 1°' Thursday sampling period was
compared to the 2" Thursday sampling period (Fig. 2.1) bird samples displayed no significant
(p=0.05) difference in Campylobacter counts.

Salmonella Enrichments. In the 1% sampling set, Salmonella was detected in the manure
grab, 1**and 3" scalder tank water samples on both Monday and Thursday (Table 2.1). On
Monday the 2" scalder tank water sample, pre-chiller water sample, three post-pick bird
samples, three pre-chill bird samples, and four pre-post bird samples also tested positive for
Salmonella. On Thursday the primary chiller water sample tested positive for Salmonella.

In the 2™ sampling set, Salmonella was detected in the 2" scalder tank water sample on
both days. On Monday the 3" scalder tank water sample, pre-chiller water sample, two post

pick bird samples, and one pre-chill bird sample tested positive for Salmonella. On Thursday the
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1% scalder tank water sample, four pre-chill bird samples, and one pre-post bird sample tested
positive for Salmonella.

Plant C: Analysis of microbial load and buildup. The production line of Plant C included
two scalder tanks, an inside-outside bird washer (IOBW), one 15 minute pre-chiller, a 60 minute
primary chiller, and a post-chill dip tank. Chlorine was used as the antimicrobial in the IOBW (40
ppm), pre-chiller (residual concentration from primary chiller overflow), primary chiller (35
ppm), and post-chill dip tank (60 ppm). Carcass samples were taken before entering the IOBW,
after exiting the IOBW, after exiting the pre-chiller, after exiting the primary chiller, and after
exiting the post-chill dip tank. Water samples were collected from the two scalder tanks, the
pre-chiller, the primary chiller, and the post-chill dip tank. A manure grab was taken from the
end of the shackling belt.

When the 1* Monday sampling period was compared to the 1% Thursday sampling
period (Fig. 3.1), the 1° Thursday bird samples displayed significantly (p<0.05) lower
Campylobacter counts post-pick, after exiting the IOBW, after exiting the pre-chiller, after
exiting the primary chiller, and after exiting the dip tank, decreasing from 2.77 Log CFU/mL to
0.96 Log CFU/mL, 2.37 Log CFU/mL to 0.76 Log CFU/mL, 1.97 Log CFU/mL to 0.59 Log CFU/mL,
0.62 Log CFU/mL to 0.12 Log CFU/mL, and 0.59 Log CFU/mL to below detection limit
respectively. The 1* Thursday manure sample (Fig. 3.2) also displayed a lower initial
Campylobacter load, decreasing from 7.12 Log CFU/mL to 4.67 Log CFU/mL and all water
samples (Fig. 3.2) displayed a lower survival rate of Campylobacter. When the 2" Monday
sampling period was compared to the 2" Thursday sampling period (Fig. 3.1), the 2" Thursday

bird samples displayed significantly (p<0.05) higher Campylobacter counts after exiting the
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IOBW, after exiting the pre-chiller, after exiting the primary chiller, and after exiting the dip
tank, increasing from 0.59 Log CFU/mL to 1.62 Log CFU/mL, 0.63 Log CFU/mL to 1.59 Log
CFU/mL, undetectable levels to 0.91 Log CFU/mL, and 0.16 Log CFU/mL to 0.75 Log CFU/mL
respectively.

Effectiveness of changes made within the plant. A rehang area and Cecure® CPC spray
cabinet (.15% CPC) were both added after the post-chill dip tank. As a result of the change, 3
additional bird samples were taken after exiting the CPC spray cabinet.

When the 1% Monday sampling period was compared to the 2 Monday sampling
period (Fig. 3.1), the 2" Monday bird samples displayed significantly (p<0.05) lower
Campylobacter counts post-pick, after exiting the IOBW, after exiting the pre-chiller, and after
exiting the primary chiller, decreasing from 2.77 Log CFU/mL to 1.70 Log CFU/mL, 2.37 Log
CFU/mL to 0.59 Log CFU/mL, 1.97 Log CFU/mL to 0.63 Log CFU/mL, and 0.62 Log CFU/mLto O
CFU/mL respectively. The 2" Monday manure sample (Fig. 3.2) also displayed a lower initial
Campylobacter load, decreasing from 7.12 Log CFU/mL to 5.47 Log CFU/mL. When the 1**
Thursday sampling period was compared to the 2" Thursday sampling period (Fig. 3.1), the 2"
Thursday bird samples displayed significantly (p<0.05) higher Campylobacter counts post-pick,
after exiting the IOBW, after exiting the pre-chiller, after exiting the primary chiller, and after
exiting dip tank, increasing from 0.96 Log CFU/mL to 1.45 Log CFU/mL, 0.76 Log CFU/mL to 1.62
Log CFU/mL 0.59 Log CFU/mL to 1.59 Log CFU/mL, 0.12 Log CFU/mL to 0.91 Log CFU/mL, and
undetectable levels to 0.75 Log CFU/mL respectively. The 2" Thursday manure sample (Fig. 3.2)

also displayed a higher initial Campylobacter load, increasing from 4.67 Log CFU/mL to 5.36 Log

CFU/mL.
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Salmonella Enrichments. In the 1* sampling set, no Salmonella was detected on any of
the bird samples, water samples, or manure grab (Table 3.1). In the 2 sampling set, on
Thursday the dip tank water sample, one pre-chill bird sample, and one pre-post bird sample
tested positive for Salmonella.

Plant D: Analysis of microbial load and buildup. The production line of Plant D included
three scalder tanks, an inside-outside bird washer (IOBW), a 20 minute pre-chiller, a 120 minute
primary chiller, and no post chill intervention. Chlorine was used as the antimicrobial in the
IOBW (20 ppm), the pre-chiller (residual concentration from primary chiller overflow), and the
primary chiller (50 ppm). Carcass samples were taken before entering the IOBW, after exiting
the IOBW, after exiting the pre-chiller, and after exiting the primary chiller. Water samples were
taken from the three scalder tanks, the pre-chiller, and the primary chiller. A manure grab was
taken at the end of the shackling belt.

When the 1* Monday sampling period was compared to the 1% Thursday sampling
period (Fig. 4.1), the 1° Thursday bird samples displayed significantly (p<0.05) lower
Campylobacter counts post-pick, after exiting the IOBW, after exiting the pre-chiller, and after
exiting the primary chiller, decreasing from 2.80 Log CFU/mL to 1.81 Log CFU/mL, 3.12 Log
CFU/mL to 1.93 Log CFU/mL, 3.04 Log CFU/mL to 1.55 Log CFU/mL, and 1.04 Log CFU/mL to
0.16 Log CFU/mL respectively. The 1° Thursday manure sample (Fig. 4.2) also displayed a higher
initial Campylobacter load, increasing from 5.60 Log CFU/mL to 6.11 Log CFU/mL. When the 2"
Monday sampling period was compared to the 2" Thursday sampling period (Fig. 4.1), the 2"
Thursday bird samples displayed significantly (p<0.05) lower Campylobacter counts post-pick

and after exiting the IOBW, decreasing from 1.45 Log CFU/mL to 0.83 Log CFU/mL and 0.96 Log
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CFU/mL to 0.06 Log CFU/mL respectively. The 2" Thursday manure sample also displayed a
lower initial Campylobacter load, decreasing from 4.59 Log CFU/mL to 4.02 Log CFU/mL.

Effectiveness of changes made within the plant. No changes were made between
sampling periods.

When the 1* Monday sampling period is compared to the 2" Monday sampling period
(Fig. 4.1), the 2" Monday bird samples displayed significantly (p<0.05) lower Campylobacter
counts post-pick, after exiting the IOBW, after exiting the pre-chiller, and after exiting the
primary chiller, decreasing from 2.8 Log CFU/mL to 1.45 Log CFU/mL, 3.12 Log CFU/mL to 0.96
Log CFU/mL, 3.04 Log CFU/mL to 0.06 Log CFU/mL, and 1.04 Log CFU/mL to 0.16 Log CFU/mL
respectively. The 2" Monday manure sample (Fig. 4.2) also displayed a lower initial
Campylobacter load, decreasing from 5.60 Log CFU/mL to 4.59 Log CFU/mL. When the 1*
Thursday sampling period was compared to the 2" Thursday sampling period (Fig. 4.1), the 2"
Thursday bird samples displayed significantly (p<0.05) lower Campylobacter counts post-pick,
after exiting the IOBW, and after exiting the pre-chiller, decreasing from 1.81 Log CFU/mL to
0.83 Log CFU/mL, 1.93 Log CFU/mL to 0.06 Log CFU/mL, and 1.55 Log CFU/mL to 0.06 Log
CFU/mL respectively. The 2" Thursday manure sample (Fig. 4.2) also displayed a lower initial
Campylobacter load, decreasing from 6.11 Log CFU/mL to 4.02 Log CFU/mL.

Salmonella Enrichments. In the 1% sampling set, on Thursday the manure grab tested
positive for Salmonella (Table 4.1). In the 2" sampling set, on Thursday one post-pick bird
sample tested positive for Salmonella.

Plant E: Analysis of microbial load and buildup. The production line of Plant E included

3 scalder tanks, an inside-outside bird washer (IOBW), one 20 minute pre-chiller, one 120
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minute primary chiller, and two post-chill spray bars. Chlorine was used as the antimicrobial in
the IOBW (35 ppm), the pre-chiller (residual concentration from primary chiller overflow), the
primary chiller (50 ppm), and the post-chill spray bars (50 ppm). Carcass samples were taken
before entering the IOBW, after exiting the IOBW, after exiting the pre-chiller, after exiting the
primary chiller, and after the post chill spray bars. Water samples were taken from the three
scalder tanks, the pre-chiller, and the primary chiller. A manure grab was taken from the end of
the shackling belt.

When the 1 Monday sampling period was compared to the 1* Thursday sampling
period (Fig. 5.1), the 1* Thursday bird samples displayed significantly (p<0.05) lower
Campylobacter counts post-pick, after exiting the IOBW, and after exiting the pre-chiller,
decreasing from 1.94 Log CFU/mL to 0.16 Log CFU/mL, 1.1 Log CFU/mL to 0 CFU/mL, and 0.43
Log CFU/mL to 0 CFU/mL respectively. The 1% Thursday manure sample (Fig. 5.2) also displayed
a lower initial Campylobacter load, decreasing from 6.91 Log CFU/mL to 3.48 Log CFU/mL.
When the 2™ Monday sampling period was compared to the 2" Thursday sampling period (Fig.
5.1), the 2" Thursday bird samples displayed significantly (p<0.05) lower Campylobacter counts
post-pick, decreasing from 2.43 Log CFU/mL to 1.74 Log CFU/mL.

Effectiveness of changes made within the plant. Changes made include the removal of
the post chill spray bars, the addition of citric acid to the third scalder tank, the addition of citric
acid to the IOBW spray, and the switch from chlorine to PAA + caustic NaOH as the
antimicrobial in the primary chiller (55 ppm). As a result of the changes, the five carcass

samples after the spray bars were removed.
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When the 1% Monday sampling period was compared to the 2 Monday sampling
period (Fig. 5.1), the 2" Monday bird samples displayed significantly (p<0.05) higher
Campylobacter counts post-pick, increasing from 1.94 Log CFU/mL to 2.43 Log CFU/mL. When
the 1° Thursday sampling period was compared to the 2" Thursday sampling period (Fig. 5.1),
the 2™ Thursday bird samples displayed significantly (p<0.05) higher Campylobacter counts
post-pick, after exiting the IOBW, and after exiting the pre-chiller, increasing from 0.16 Log
CFU/mL to 1.74 Log CFU/mL, 0 CFU/mL to 1.32 Log CFU/mL, and undetectable levels to 0.36 Log
CFU/mL respectively. The 2" Thursday manure sample (Fig. 5.2) also displayed a higher
Campylobacter load, increasing from 3.48 Log CFU/mL to 7.30 Log CFU/mL.

Salmonella Enrichments. In the 1* sampling set, on Monday the manure grab and one
post-pick bird sample tested positive for Salmonella (Table 5.1). On Thursday the 1* scalder
water sample, two pre-chill bird samples, and one pre-post bird sample tested positive for
Salmonella. In the 2™ sampling set, on both Monday and Thursday the manure grab and 1°*
scalder water sample tested positive for Salmonella. On Monday the 2" scalder water sample
and two post-pick bird samples tested positive for Salmonella.

Plant F: Analysis of microbial load and buildup. The production line of plant F included
three scalder tanks, an inside-outside bird washer (IOBW), a 20 minute pre-chiller, a 120 minute
main-chiller, and a post-chill dip tank. Chlorine was used as the antimicrobial in the IOBW (50
ppm) and PAA was used as the antimicrobial in the main-chiller (8 ppm) and post-chill dip tank
(80 ppm). Carcass samples were taken before entering the IOBW, after exiting the IOBW, after

exiting the pre-chiller, after exiting the primary chiller, and after exiting the post-chill dip tank.
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Water samples were taken from the three scalder tanks, the pre-chiller, the primary chiller, and
the post-chill dip tank. A manure grab was taken from the end of the shackling belt.

When the 1* Monday sampling period was compared with the 1* Thursday sampling
period (Fig. 6.1), the 1° Thursday bird samples displayed significantly (p<0.05) lower
Campylobacter counts after exiting the IOBW, decreasing from 2.00 Log CFU/mL to 0.65 Log
CFU/mL. When the 2" Monday sampling period was compared to the 2" Thursday sampling
period (Fig. 6.1), the 2" Thursday bird samples displayed significantly (p<0.05) lower
Campylobacter counts post-pick, decreasing from 2.42 Log CFU/mL to 1.78 Log CFU/mL. The 2™
Thursday manure sample (Fig. 6.2) also displayed a lower initial Campylobacter load, decreasing
from 5.72 Log CFU/mL to 5.33 Log CFU/mL.

Effectiveness of changes made within the plant. A new scalding tank was put in
between sampling periods, no other changes were made.

When the 1* Monday sampling period (Fig. 6.1) was compared to the 2" Monday
sampling period, bird samples displayed no significant (p=0.05) difference in Campylobacter
counts. When the 1% Thursday sampling period was compared to the 2" Thursday sampling
period (Fig. 6.1), the 2" Thursday bird samples displayed significantly (p<0.05) higher
Campylobacter counts after exiting the IOBW, increasing from 0.65 Log CFU/mL to 1.58 Log
CFU/mL.

Salmonella Enrichments. In the 1* sampling set, on Monday the manure grab tested
positive for Salmonella (Table 6.1). On Thursday one pre-chill bird sample tested positive for

Salmonella. In the 2™ sampling set, on both Monday and Thursday the manure grab and 1%
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scalder water samples tested positive for Sa/monella. On Thursday the 2" scalder water sample

tested positive for Salmonella.

4. Conclusions

Plant A. The reduction of Campylobacter during all sampling periods can be seen at each
intervention point along the production line (Fig. 1.1-1.2). When comparing the Monday and
Thursday bird samples for the 1* sampling period, increased Campylobacter counts on
Thursday at the IOBW suggest microbial build up at that point in the plant possibly due to the
equipment not being cleaned thoroughly between production runs. Comparing the Monday
and Thursday bird samples for the 2" sampling period, we observed the same issue on
Thursday at post pick and after the pre-chiller, suggesting improper cleaning. The incoming
Campylobacter load on Thursday was lower than the incoming Campylobacter load on Monday,
and therefore is not a cause of the increased counts on the Thursday samples. The increase in
survival of Campylobacter in the pre-chiller water also may be due to residual Campylobacter
between production runs, and may potentially cross-contaminate the birds. There was only one
more positive sample (Table 1.2) post chill, and there was no significant difference in
Campylobacter levels between the 2" Monday and Thursday samples after exiting the primary
chiller.

Comparing the bird samples of two Monday sampling periods and two Thursday
sampling periods, the significantly higher Campylobacter counts during the 2" sampling period
after exiting the pre-chiller is most likely due to the removal of one of the pre-chillers between

sampling periods, resulting in reduced immersion and antimicrobial exposure time before the
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birds were sampled after exiting the pre-chiller. There was no significant (p>0.05) difference in
Campylobacter counts after exiting the primary chiller, however one Salmonella-positive bird
sample was found after exiting the primary chiller and detectable levels of Campylobacter were
found in the primary chiller water sample when the plant was using chlorine, whereas no
Salmonella-positive samples nor detectable Campylobacter levels were found after the plant
switched to PAA in the primary chiller (Tables 1.1-1.2), suggesting stronger antimicrobial effects
of PAA. No Campylobacter-positive or Salmonella-positive samples were found after the
chlorine drip during the 1* sampling period and after the PAA dip tank of the 2 sampling
period, and so both methods may be effective at reducing these pathogens to below-detectable
levels. The removal of the scalder chemicals did not show a difference in Campylobacter levels
in scalder samples, and so the chemicals may have been ineffective to use.

Plant B. The reduction of Campylobacter during all sampling periods can be seen at each
intervention point along the production line (Fig. 2.1-2.2). Comparing the Monday and Thursday
bird samples of the 1°* sampling period, higher Campylobacter counts on Thursday exiting the
IOBW and pre-chiller suggest potential microbial buildup in these areas due to improper
cleaning between production runs. Potentially due to the higher microbial load on the Thursday
bird samples, countable levels of Campylobacter were found on bird samples after exiting the
primary chiller and Salmonella-positive bird samples were also found after exiting the pre-
chiller (Table 2.1). The improper cleaning also may have led to the increase in Campylobacter
survival in the pre-chiller water sample on Thursday. Comparing the Monday and Thursday bird
samples of the 2" sampling period we see no significant (p=0.05) difference in the bird samples

between the two days, suggesting that the equipment is being cleaned properly between
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production runs. However there is a slight increase in the number of Salmonella-positive and
Campylobacter-positive samples on Thursday’s sampling (Tables 2.1-2.2).

Comparing the bird samples of the two Monday sampling periods and the two Thursday
sampling periods higher Campylobacter counts during the 2" Monday sampling period post-
pick and after exiting the IOBW suggest improper cleaning or cross-contamination, however
higher initial Campylobacter load counts are also detected from the 2" Monday manure
sample, and so the difference may be due to an increase of Campylobacter before reaching the
processing plant. There were countable levels of Campylobacter in the 2" Monday sample after
exiting the primary chiller as well as in the primary chiller water sample, suggesting that
bromine may not be as effective as an antimicrobial as PAA for use in the primary chiller. The
number of Campylobacter-positive bird samples increased for both the 2" Monday and 2"
Thursday sampling periods (Table 2.2), further suggesting that bromine may not be as effective
as an antimicrobial as PAA. The addition of the dip tank did not strongly affect the
Campylobacter levels on bird samples during the 2" Monday sample, however these levels
were already very low, and the dip tank was added after the 1*' sampling period, so a true
analysis of its effectiveness could not be made at this plant.

Plant C. The reduction of Campylobacter during all sampling periods can be seen at each
intervention point along the production line (Fig 3.1-3.2). Comparing the Monday and Thursday
bird samples of the 1% sampling period, significant (p<0.05) decreases after each sampling point
in the production line as well as in initial Campylobacter load may be due to the lower initial
load. It also suggests that no microbial buildup occurred to add to the initial Campylobacter

counts during Thursday’s sampling. When the 2" Monday and 2" Thursday sampling periods
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were compared significantly (p<0.05) higher Campylobacter counts are observed in Thursday’s
bird samples along the production line as well as more Campylobacter-positive and Salmonella-
positive bird samples (Tables 3.1-3.2). Since there was no increased initial Campylobacter load
in the Thursday manure sample, microbial buildup may be the cause early in the production line
due to improper cleaning, adding to the initial Campylobacter load.

Comparing the bird samples of the two Monday sampling periods and the two Thursday
sampling periods significantly (p<0.05) lower Campylobacter counts on the 2" Monday
sampling period post-pick, after exiting the IOBW, after exiting the pre-chiller, and after exiting
the primary chiller may all be due to the lower initial Campylobacter load from the 2" Monday
bird samples rather than any changes made. Significantly (p<0.05) higher Campylobacter counts
post-pick, after exiting the IOBW, after exiting the pre-chiller, and after exiting the primary
chiller on the 2™ Thursday bird samples once again may be due to the higher initial
Campylobacter load. The addition of the CPC cabinet resulted in the undetectable levels of
Campylobacter on bird samples, and eliminated any residual Campylobacter surviving the dip-
tank treatment, suggesting the use of CPC post chill as a strong antimicrobial. The number of
Salmonella-positive and Campylobacter-positive samples did not change much between the 1%
sampling set and 2" sampling set (Tables 3.1-3.2), but this is expected as there were not any
changes along the production line before the CPC cabinet.

Plant D. The reduction of Campylobacter during all sampling periods can be seen at each
intervention point along the production line (Fig 4.1-4.2). Comparing the Monday and Thursday
bird samples of the 1% sampling period significantly (p<0.05) lower Campylobacter counts on

the Thursday bird samples, as well as a higher initial Campylobacter load on the Thursday
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manure sample, suggests that there is no microbial buildup during the week between
production runs. The number of Campylobacter-positive and Salmonella-postive samples also
does not increase during Thursday’s sampling period (Tables 4.1-4.2). When the 2" Monday
and Thursday sampling periods are compared significantly (p<0.05) lower Campylobacter
counts on the Thursday bird samples post-pick and after exiting the IOBW once again suggest
no microbial buildup between production runs. There is a lower initial Campylobacter load on
the Thursday manure sample, but it does not appear to affect any potential microbial buildup
further down the production line. There are more Campylobacter-positive samples on the
Thursday sampling period than on Monday (Table 4.2), but negative water samples from the
pre-chiller and primary chiller suggest that if there is cross-contamination, it either occurs early
along the production line or at the farm level.

Comparing the bird samples of the two Monday sampling periods and the two Thursday
sampling periods show significantly (p<0.05) lower Campylobacter counts along the production
line on the bird samples during the 2" Monday sampling period, however the lower initial
Campylobacter load observed from the manure may be the cause rather than any changes
within the processing plant. This is again observed in the 2 Thursday bird samples, where
Campylobacter counts are lower along the production line as well as in the initial
Campylobacter load taken from the manure sample. The number of Salmonella-positive and
Campylobacter-positive samples does not change much between the two sample sets (Tables
4.1-4.2), with Campylobacter-positive samples only decreasing slightly during the 2" Monday

sampling period. Since this plant did not make any changes between the 1** and 2" sampling
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sets, it is expected that initial microbial load will be the cause of any differences in
Campylobacter counts along the production line.

Plant E. The reduction of Campylobacter during all sampling periods can be seen at each
intervention point along the production line (Fig 5.1-5.2). Comparing the Monday and Thursday
bird samples of the 1°* sampling period significantly (p<0.05) lower Campylobacter counts post-
pick, after exiting the IOBW, and after exiting the pre-chiller as well as the negative water
samples indicate no microbial buildup between production runs. The lower number of
Campylobacter-positive samples (Table 5.2) in Thursday’s sampling period also suggests no
microbial buildup. However the lower initial Campylobacter load may be the reason the
Campylobacter levels along the production line are not even between the Monday and
Thursday samples. When comparing the Monday and Thursday bird samples of the 2" sampling
period, the significantly (p<0.05) lower Campylobacter counts post-pick on the Thursday bird
samples, yet higher levels after exiting the IOBW suggest that there may be cross-
contamination or improper cleaning between the two sampling points. There are also a higher
number of Campylobacter-positive bird samples after exiting the pre-chiller and after exiting
the primary chiller, further supporting a point of cross-contamination earlier along the
production line.

Comparing the bird samples of the two Monday sampling periods and the two Thursday
sampling periods showed significantly (p<0.05) higher Campylobacter counts on the bird
samples of the 2" Monday sampling period. This in addition to the lower initial Campylobacter
load from the manure sample indicates that the addition of citric acid to the scalder tank may

be ineffective at reducing microbial load before the birds reach the post-pick production line.
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Higher Campylobacter levels were also observed post-pick when the 2" Thursday was
compared to the 1% Thursday sampling period, and while this may be due in part to the higher
initial Campylobacter load, the citric acid may once again be ineffective at lowering
Campylobacter load on the bird carcasses. The switch in the primary chiller from chlorine to
PAA + caustic NaOH reduced Campylobacter loads on the 2" Monday bird samples to
uncountable levels, whereas countable Campylobacter loads were observed when chlorine was
used during the 1% Monday sampling, suggesting PAA as a stronger antimicrobial. The removal
of the spray bars did not affect the number of Campylobacter-positive carcass samples, and
with the strong reduction of Campylobacter in the primary chiller with the use of PAA, a new
post-chill intervention may not be required.

Plant F. The reduction of Campylobacter during all sampling periods can be seen at each
intervention point along the production line (Fig 6.1-6.2). Comparing the Monday and Thursday
bird samples of the 1°** sampling period showed significantly (p<0.05) lower Campylobacter
counts in the Thursday bird sampling period after the IOBW and lower Campylobacter counts
along the production line, however there were more Campylobacter-positive bird samples
(Table 6.2) after exiting the primary chiller and after exiting the dip tank, indicating some
potential cross-contamination or microbial buildup in the immersion tanks. When the 2
Monday and Thursday sampling periods were compared the significantly (p<0.05) lower
Campylobacter counts post-pick may indicate that there is no cross-contamination during the
2" sampling period. The initial Campylobacter load from the Thursday manure sample was also

lower and there was a slight increase in Campylobacter counts after the pre-chiller, as well as
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increased Campylobacter-positive samples after exiting the primary chiller and after exiting the
dip tank, and so microbial buildup may be occurring in the immersion tanks.

Comparing the bird samples of the two Monday sampling periods and the two Thursday
sampling periods no significant differences in Campylobacter counts were observed between
the 1% and 2™ Monday sampling periods, and is to be expected as no in-plant changes were
made between the 1% and 2™ sampling sets. Significantly (p<0.05) higher Campylobacter counts
exiting the IOBW were observed in the 2 Thursday bird samples, however higher post-pick
levels were observed as well and this variation may be due to the new scalder removing slightly
less organic matter than the old scalder. In the Monday sampling set and Thursday sampling set
the number of Campylobacter-positive and Salmonella-positive bird samples did not change
much which was also expected (Tables 6.1-6.2), however Salmonella-positive samples were
taken from the scalder tank in the 2" Thursday sampling period, which may again be due to the

new scalder not reducing microbial load as much as the old scalder.

5. Overall Conclusions

Several plants displayed a microbial build-up and higher survival rate of pathogens when
the Thursday samples were compared to the Monday samples. Proper cleaning of equipment as
well as a regular influx of fresh water and antimicrobials into the immersion tanks is crucial to
the prevention higher contamination rates as a plant reaches the end of the production week. If
proper cleaning and disinfecting does not occur, the effectiveness of intervention methods may

be reduced, and performance standards may not be met later in the production week. Any
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sampling and in-plant pathogen testing during the beginning of the production week may also
be skewed as they are occurring before the buildup occurs and increases microbial load.

The variation of incoming bacterial load between plants and within each sampling
period at a specific plant seems to be another factor that determines the level of microbial
reduction as a result of the use of antimicrobials interventions in the processing plants. The
incoming Campylobacter load from the farms can affect whether or not the antimicrobials and
point of application of intervention are effective at reducing the pathogen to below detectable
levels. One cause of this variation could have been the time of year each sampling period
occurred. The first sampling period occurred during the winter months, whereas the second
sampling period occurred during the summer months. The rise of temperatures in the summer
months leads to heat stress in broilers, increased fecal shedding, higher pathogen survival, and
easier contamination. While the summer sampling did not increase the incoming bacterial load
at all plants, it is something that should be considered when determining the proper in-plant
intervention methods to use. That being a factor, there still seems to be noticeable differences
in microbial reduction between intervention methods.

The use of PAA was observed to be the most effective antimicrobial for use within the
primary chiller and dip tanks of processing plants, with lower log CFU/mL counts as well as
fewer Campylobacter-positive bird samples than the plants that used chlorine. In addition, the
use of Cetylpyridinium Chloride (CPC) in a spray cabinet as a post dip tank intervention point
displayed the ability to further reduce Campylobacter counts to below detectable levels when
the use of a dip tank was not sufficient. The use of chemicals in the scald tanks does not seem

to be effective at lowering the microbial load on bird samples. The use of a post-chill
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intervention displayed further reduction of microbial load in almost all samples, and should be
considered as a strong method to further reduce pathogen counts on poultry. The use of a 2"
pre-chiller also displayed a microbial reduction on bird samples entering the primary chiller;
however this may be inefficient if the primary chiller and post-chill intervention are sufficient to
reduce pathogens to below-detectable levels. Slight levels of microbial buildup and cross-
contamination were displayed in the immersion tanks of the processing plants, and the proper

cleaning and maintenance of these immersion tanks is paramount to keeping this risk low.

6. Future Research Potential

It has been shown that post-chill interventions can further reduce bacterial load on
poultry carcasses, however the comparison between the different methods has not been
researched. Comparing the reduction of a finishing chiller versus a post-chill dip tank and a post
chill drip would be beneficial so that the optimal post-chill intervention could be implemented
in the plants. Additionally, testing PAA levels in a finishing chiller with a sensory panel should be
conducted so that the highest parts per million (ppm) concentration of PAA with minimized
quality loss can be achieved. Campylobacter is also known to enter a viable but non-culturable
(VBNC) state when stressed, and so even with negative enrichments, further testing to confirm
cell death and not VBNC state after the post-chill intervention may be necessary. Follow-up
research on the microbial reduction effects of CPC use at various stages in a processing plant
would be beneficial to determine the optimum placement for a CPC spray cabinet along the

production line.
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Tables

Plant A Salmonella Enrichments

1st Sampling (Winter) 2nd Sampling (Summer)
Sample Monday Thursday Monday Thursday
Manure Grab - - + +
Scalder Water 1 + + + -
Scalder Water 2 + + - -
Scalder Water 3 - - - -
Pre-Chiller Water - + - -
Pre-Chiller #2 - - - -
Primary Chiller Water - - - -
Bird Samples
Post Pick 0/5 0/5 0/5 0/5
Pre-Chill 0/5 0/5 0/5 0/5
Pre-Post 0/5 0/5 0/5 0/5
Post Chill 0/5 1/5 0/5 0/5
Post Dip 0/5 0/5 0/5 0/5

Table 1.1 Prevalance of Salmonella in a shackling belt manure sample (Manure Grab), water samples taken from
the 1% scalder tank (Scalder Water 1), 2™ scalder tank (Scalder Water 2), 3" scalder tank (Scalder Water 3), 1% pre-
chiller (Pre-Chiller Water), 2" pre-chiller (Pre-Chiller #2) and primary chiller (Primary Chiller Water). Bird Samples:
Number of Salmonella-positive bird samples taken before entering the IOBW (Post Pick), after exiting the IOBW
(Pre-Chill), after exiting the pre-chiller (Pre-Post), after exiting the primary chiller (Post Chill), and after exiting the
post-chill intervention (Post Dip).
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Plant A Campylobacter Enrichments

1st Sampling (Winter) 2nd Sampling (Summer)
Sample Monday Thursday Monday Thursday
Manure Grab + +
Scalder Water 1 + + + +
Scalder Water 2 + - + +
Scalder Water 3 + + +
Pre-Chiller Water + + +
Pre-Chiller #2 + - - -
Primary Chiller Water - + - -
Bird Samples
Post Pick 5/5 5/5 5/5 5/5
Pre-Chill 5/5 5/5 5/5 5/5
Pre-Post 1/5 2/5 5/5 5/5
Post Chill 1/5 1/5 1/5 2/5
Post Dip 0/5 0/5 0/5 0/5

Table 1.2 Prevalance of Campylobacter in a shackling belt manure sample (Manure Grab), water samples taken
from the 1% scalder tank (Scalder Water 1), 2™ scalder tank (Scalder Water 2), 3" scalder tank (Scalder Water 3), 1%
pre-chiller (Pre-Chiller Water), 2" pre-chiller (Pre-Chiller #2) and primary chiller (Primary Chiller Water). Bird
Samples: Number of Campylobacter-positive bird samples taken before entering the IOBW (Post Pick), after exiting
the IOBW (Pre-Chill), after exiting the pre-chiller (Pre-Post), after exiting the primary chiller (Post Chill), and after
exiting the post-chill intervention (Post Dip).
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Plant B Salmonella Enrichments

1st Sampling (Winter) 2nd Sampling (Summer)
Sample Monday Thursday Monday Thursday
Manure Grab + + - -
Scalder Water 1 + + - +
Scalder Water 2 + - + +
Scalder Water 3 + + + -
Pre-Chiller Water + - + -
Primary Chiller Water - + - -
Dip Tank Water n/a n/a - -
Bird Samples
Post Pick 3/5 0/5 2/5 0/5
Pre-Chill 3/5 0/5 1/5 4/5
Pre-Post 4/5 0/5 0/5 1/5
Post Chill 0/5 0/5 0/5 0/5
Post Dip n/a n/a 0/5 0/5

Table 2.1 Prevalance of Salmonella in a shackling belt manure sample (Manure Grab), water samples taken from
the 1% scalder tank (Scalder Water 1), 2" scalder tank (Scalder Water 2), 3" scalder tank (Scalder Water 3), pre-
chiller (Pre-Chiller Water), primary chiller (Primary Chiller Water), and post chill dip tank (Dip Tank Water). Bird
Samples: Number of Salmonella-positive bird samples taken before entering the IOBW (Post Pick), after exiting the
IOBW (Pre-Chill), after exiting the pre-chiller (Pre-Post), after exiting the primary chiller (Post Chill), and after
exiting the post-chill intervention (Post Dip).
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Plant B Campylobacter Enrichments

1st Sampling (Winter) 2nd Sampling (Summer)
Sample Monday Thursday Monday Thursday
Manure Grab + + +
Scalder Water 1 + + + +
Scalder Water 2 + + + +
Scalder Water 3 - + + +
Pre-Chiller Water + + + +
Primary Chiller Water - - + -
Dip Tank Water n/a n/a - -
Bird Samples
Post Pick 4/5 4/5 5/5 5/5
Pre-Chill 2/5 4/5 5/5 5/5
Pre-Post 0/5 5/5 5/5 5/5
Post Chill 0/5 2/5 2/5 3/5
Post Dip n/a n/a 0/5 2/5

Table 2.2 Prevalance of Campylobacter in a shackling belt manure sample (Manure Grab), water samples taken
from the 1°" scalder tank (Scalder Water 1), 2" scalder tank (Scalder Water 2), 3" scalder tank (Scalder Water 3),
pre-chiller (Pre-Chiller Water), primary chiller (Primary Chiller Water), and post chill dip tank (Dip Tank Water). Bird
Samples: Number of Campylobacter-positive bird samples taken before entering the IOBW (Post Pick), after exiting
the IOBW (Pre-Chill), after exiting the pre-chiller (Pre-Post), after exiting the primary chiller (Post Chill), and after
exiting the post-chill intervention (Post Dip).
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Plant C Salmonella Enrichments

1st Sampling (Winter) 2nd Sampling (Summer)
Sample Monday Thursday Monday Thursday
Manure Grab - - - -
Scalder Water 1 - - - -
Scalder Water 2 - - - -
Pre-Chiller Water - - - -
Primary Chiller Water - - - -
Dip Tank Water - - - +
Bird Samples
Post Pick 0/5 0/5 0/5 0/5
Pre-Chill 0/5 0/5 0/5 1/5
Pre-Post 0/5 0/5 0/5 1/5
Post Chill 0/5 0/5 0/5 0/5
Post Dip 0/5 0/5 0/3 0/3
Post Cabinet n/a n/a 0/3 0/3

Table 3.1 Prevalance of Salmonella in a shackling belt manure sample (Manure Grab), water samples taken from
the 1% scalder tank (Scalder Water 1), 2" scalder tank (Scalder Water 2), pre-chiller (Pre-Chiller Water), primary
chiller (Primary Chiller Water), and post chill dip tank (Dip Tank Water). Bird Samples: Number of Salmonella-
positive bird samples taken before entering the IOBW (Post Pick), after exiting the IOBW (Pre-Chill), after exiting
the pre-chiller (Pre-Post), after exiting the primary chiller (Post Chill), after exiting the post-chill dip tank (Post Dip),
and after exiting the CPC spray cabinet (Post Cabinet).
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Plant C Campylobacter Enrichments

1st Sampling (Winter) 2nd Sampling (Summer)
Sample Monday Thursday Monday Thursday
Manure Grab + +
Scalder Water 1 + + + +
Scalder Water 2 + + + +
Pre-Chiller Water + - + +
Primary Chiller Water - - + +
Dip Tank Water - - + +
Bird Samples
Post Pick 5/5 5/5 5/5 5/5
Pre-Chill 5/5 5/5 5/5 5/5
Pre-Post 5/5 5/5 5/5 5/5
Post Chill 5/5 4/5 1/5 5/5
Post Dip 5/5 0/5 1/3 3/3
Post Cabinet n/a n/a 0/3 0/3

Table 3.2 Prevalance of Campylobacter in a shackling belt manure sample (Manure Grab), water samples taken
from the 1°" scalder tank (Scalder Water 1), 2" scalder tank (Scalder Water 2), pre-chiller (Pre-Chiller Water),
primary chiller (Primary Chiller Water), and post chill dip tank (Dip Tank Water). Bird Samples: Number of
Campylobacter-positive bird samples taken before entering the IOBW (Post Pick), after exiting the IOBW (Pre-Chill),
after exiting the pre-chiller (Pre-Post), after exiting the primary chiller (Post Chill), after exiting the post-chill dip
tank (Post Dip), and after exiting the CPC spray cabinet (Post Cabinet).
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Plant D Salmonella Enrichments

1st Sampling (Winter) 2nd Sampling (Summer)
Sample Monday Thursday Monday Thursday
Manure Grab - + - -
Scalder Water 1 - - - -
Scalder Water 2 - - - -
Scalder Water 3 - - - -
Pre-Chiller Water - - - -
Primary Chiller Water - - - -
Bird Samples
Post Pick 0/5 0/5 0/5 1/5
Pre-Chill 0/5 0/5 0/5 0/5
Pre-Post 0/5 0/5 0/5 0/5
Post Chill 0/5 0/5 0/5 0/5

Table 4.1 Prevalance of Salmonella in a shackling belt manure sample (Manure Grab), water samples taken from
the 1% scalder tank (Scalder Water 1), 2" scalder tank (Scalder Water 2), 3" scalder tank (Scalder Water 3), pre-
chiller (Pre-Chiller Water), and primary chiller (Primary Chiller Water). Bird Samples: Number of Salmonella-
positive bird samples taken before entering the IOBW (Post Pick), after exiting the IOBW (Pre-Chill), after exiting
the pre-chiller (Pre-Post), and after exiting the primary chiller (Post Chill).

Plant D Campylobacter Enrichments

1st Sampling (Winter) 2nd Sampling (Summer)
Sample Monday Thursday Monday Thursday
Manure Grab + + +
Scalder Water 1 + - + +
Scalder Water 2 + - + +
Scalder Water 3 + + + +
Pre-Chiller Water + + + +
Primary Chiller Water - + - -
Bird Samples
Post Pick 5/5 5/5 5/5 5/5
Pre-Chill 5/5 5/5 5/5 5/5
Pre-Post 5/5 5/5 3/5 5/5
Post Chill 5/5 5/5 2/5 5/5

Table 4.2 Prevalance of Campylobacter in a shackling belt manure sample (Manure Grab), water samples taken
from the 1% scalder tank (Scalder Water 1), 2" scalder tank (Scalder Water 2), 3" scalder tank (Scalder Water 3),
pre-chiller (Pre-Chiller Water), and primary chiller (Primary Chiller Water). Bird Samples: Number of
Campylobacter-positive bird samples taken before entering the IOBW (Post Pick), after exiting the IOBW (Pre-Chill),
after exiting the pre-chiller (Pre-Post), and after exiting the primary chiller (Post Chill).
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Plant E Salmonella Enrichments

1st Sampling (Winter) 2nd Sampling (Summer)
Sample Monday Thursday Monday Thursday
Manure Grab + - + +
Scalder Water 1 - + + +
Scalder Water 2 - - + -
Scalder Water 3 - - - -
Pre-Chiller Water - - - -
Primary Chiller Water - - - -
Bird Samples
Post Pick 1/5 0/5 2/5 0/5
Pre-Chill 0/5 2/5 0/5 0/5
Pre-Post 0/5 1/5 0/5 0/5
Post Chill 0/5 0/5 0/5 0/5
Post Dip 0/5 0/5 n/a n/a

Table 5.1 Prevalance of Salmonella in a shackling belt manure sample (Manure Grab), water samples taken from
the 1% scalder tank (Scalder Water 1), 2" scalder tank (Scalder Water 2), 3" scalder tank (Scalder Water 3), pre-
chiller (Pre-Chiller Water), and primary chiller (Primary Chiller Water). Bird Samples: Number of Salmonella-
positive bird samples taken before entering the IOBW (Post Pick), after exiting the IOBW (Pre-Chill), after exiting
the pre-chiller (Pre-Post), after exiting the primary chiller (Post Chill), and after exiting the post-chill intervention
(Post Dip).

Plant E Campylobacter Enrichments

1st Sampling (Winter) 2nd Sampling (Summer)
Sample Monday Thursday Monday Thursday
Manure Grab + + + +
Scalder Water 1 + + + +
Scalder Water 2 + - + +
Scalder Water 3 + - - -
Pre-Chiller Water + - - -
Primary Chiller Water - - - -
Bird Samples
Post Pick 5/5 5/5 5/5 5/5
Pre-Chill 5/5 0/5 5/5 5/5
Pre-Post 5/5 0/5 2/5 5/5
Post Chill 2/5 0/5 5/5 4/5
Post Dip 4/5 0/5 n/a n/a

Table 5.2 Prevalance of Campylobacter in a shackling belt manure sample (Manure Grab), water samples taken
from the 1°" scalder tank (Scalder Water 1), 2" scalder tank (Scalder Water 2), 3" scalder tank (Scalder Water 3),
pre-chiller (Pre-Chiller Water), and primary chiller (Primary Chiller Water). Bird Samples: Number of
Campylobacter-positive bird samples taken before entering the IOBW (Post Pick), after exiting the IOBW (Pre-Chill),
after exiting the pre-chiller (Pre-Post), after exiting the primary chiller (Post Chill), and after exiting the post-chill
intervention (Post Dip).
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Plant F Salmonella Enrichments

1st Sampling (Winter) 2nd Sampling (Summer)
Sample Monday Thursday Monday Thursday
Manure Grab + - + +
Scalder Water 1 - - + +
Scalder Water 2 - - - +
Scalder Water 3 - - - -
Pre-Chiller Water - - - -
Primary Chiller Water - - - -
Dip Tank Water - - - -
Bird Samples
Post Pick 0/5 0/5 0/5 0/5
Pre-Chill 0/5 1/5 0/5 0/5
Pre-Post 0/5 0/5 0/5 0/5
Post Chill 0/5 0/5 0/5 0/5
Post Dip 0/5 0/5 0/5 0/5

Table 6.1 Prevalance of Salmonella in a shackling belt manure sample (Manure Grab), water samples taken from
the 1% scalder tank (Scalder Water 1), 2" scalder tank (Scalder Water 2), 3" scalder tank (Scalder Water 3), pre-
chiller (Pre-Chiller Water), primary chiller (Primary Chiller Water), and post chill dip tank (Dip Tank Water). Bird
Samples: Number of Salmonella-positive bird samples taken before entering the IOBW (Post Pick), after exiting the
IOBW (Pre-Chill), after exiting the pre-chiller (Pre-Post), after exiting the primary chiller (Post Chill), and after
exiting the post-chill intervention (Post Dip).
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Plant F Campylobacter Enrichments

1st Sampling (Winter) 2nd Sampling (Summer)
Sample Monday Thursday Monday Thursday
Manure Grab + + +
Scalder Water 1 - + + +
Scalder Water 2 - + + +
Scalder Water 3 + + +
Pre-Chiller Water + + +
Primary Chiller Water - + - +
Dip Tank Water - - - -
Bird Samples
Post Pick 5/5 5/5 5/5 5/5
Pre-Chill 5/5 5/5 5/5 5/5
Pre-Post 5/5 5/5 5/5 5/5
Post Chill 0/5 1/5 1/5 4/5
Post Dip 0/5 4/5 0/5 4/5

Table 6.2 Prevalance of Campylobacter in a shackling belt manure sample (Manure Grab), water samples taken
from the 1°" scalder tank (Scalder Water 1), 2" scalder tank (Scalder Water 2), 3" scalder tank (Scalder Water 3),
pre-chiller (Pre-Chiller Water), primary chiller (Primary Chiller Water) and post chill dip tank (Dip Tank Water). Bird
Samples: Number of Campylobacter-positive bird samples taken before entering the IOBW (Post Pick), after exiting
the IOBW (Pre-Chill), after exiting the pre-chiller (Pre-Post), after exiting the primary chiller (Post Chill), and after
exiting the post-chill intervention (Post Dip).
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Fig. 1.1 Number (with standard deviation) of Campylobacter spp. recovered from bird carcass rinses taken before
entering the IOBW (Post Pick), after exiting the IOBW (Pre-Chill), after exiting the pre-chiller (Pre-Post), after
exiting the primary chiller (Post Chill) and after exiting the post chill intervention (Post Dip). *Sampling taken after
intervention changes were implemented. ND = none detected (Detection Limit = 1 CFU/mL)
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Fig. 1.2 Number of Campylobacter spp. recovered from a manure grab at the end of the shackling belt (Manure)
and water samples taken from the 1% scalder tank (Scalder 1), 2" scalder tank (Scalder 2), 3" scalder tank (Scalder
3), 1% pre-chiller (PCW), 2" pre-chiller (PCW #2), primary chiller (MCW), and from the post-chill dip tank (DTW).
*Sampling taken after intervention changes were implemented. ND = none detected (Detection Limit = 1 CFU/mL)
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Plant B (Bird Samples)
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Fig. 2.1 Number (with standard deviation) of Campylobacter spp. recovered from bird carcass rinses taken before
entering the IOBW (Post Pick), after exiting the IOBW (Pre-Chill), after exiting the pre-chiller (Pre-Post), after
exiting the primary chiller (Post Chill) and after exiting the post chill dip tank (Post Dip). *Sampling taken after
intervention changes were implemented. ND = none detected (Detection Limit = 1 CFU/mL)
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Fig. 2.2 Number of Campylobacter spp. recovered from a manure grab at the end of the shackling belt (Manure)
and water samples taken from the 1% scalder tank (Scalder 1), 2" scalder tank (Scalder 2), 3" scalder tank (Scalder
3), pre-chiller (PCW), primary chiller (MCW), and from the post-chill dip tank (DTW). *Sampling taken after
intervention changes were implemented. ND = none detected (Detection Limit = 1 CFU/mL)
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Plant C (Bird Samples)
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Fig. 3.1 Number (with standard deviation) of Campylobacter spp. recovered from bird carcass rinses taken before
entering the IOBW (Post Pick), after exiting the IOBW (Pre-Chill), after exiting the pre-chiller (Pre-Post), after
exiting the primary chiller (Post Chill), after exiting the post chill dip tank (Post Dip), and after exiting the CPC spray
cabinet (Post Cabinet). *Sampling taken after intervention changes were implemented. ND = none detected
(Detection Limit = 1 CFU/mL)
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Fig. 3.2 Number of Campylobacter spp. recovered from a manure grab at the end of the shackling belt (Manure)
and water samples taken from the 1% scalder tank (Scalder 1), 2" scalder tank (Scalder 2), pre-chiller (PCW),
primary chiller (MCW), and from the post-chill dip tank (DTW). *Sampling taken after intervention changes were
implemented. ND = none detected (Detection Limit = 1 CFU/mL)
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Plant D (Bird Samples)
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Fig. 4.1 Number (with standard deviation) of Campylobacter spp. recovered from bird carcass rinses taken before
entering the IOBW (Post Pick), after exiting the IOBW (Pre-Chill), after exiting the pre-chiller (Pre-Post), and after
exiting the primary chiller (Post Chill). *Sampling taken after intervention changes were implemented. ND = none
detected (Detection Limit = 1 CFU/mL)
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Fig. 4.2 Number of Campylobacter spp. recovered from a manure grab at the end of the shackling belt (Manure)
and water samples taken from the 1% scalder tank (Scalder 1), 2" scalder tank (Scalder 2), 3" scalder tank (Scalder
3), pre-chiller (PCW), and from the primary chiller (MCW). *Sampling taken after intervention changes were
implemented. ND = none detected (Detection Limit = 1 CFU/mL)
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Plant E (Bird Samples)
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Fig. 5.1 Number (with standard deviation) of Campylobacter spp. recovered from bird carcass rinses taken before
entering the IOBW (Post Pick), after exiting the IOBW (Pre-Chill), after exiting the pre-chiller (Pre-Post), after
exiting the primary chiller (Post Chill) and after exiting the post chill spray bars (Post Dip). *Sampling taken after
intervention changes were implemented. ND = none detected (Detection Limit = 1 CFU/mL)
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Fig. 5.2 Number of Campylobacter spp. recovered from a manure grab at the end of the shackling belt (Manure)
and water samples taken from the 1% scalder tank (Scalder 1), 2" scalder tank (Scalder 2), 3" scalder tank (Scalder
3), pre-chiller (PCW), and from the primary chiller (MCW). *Sampling taken after intervention changes were
implemented. ND = none detected (Detection Limit = 1 CFU/mL)
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Plant F (Bird Samples)

8.00

7.00

6.00

bl
=
=3

LogCFU/mL
I~
o)
S

w
=3
=1

N s | Hhe IND ND ND;H | ND &D

Post Pick Pre-Chill Pre-Post Post Chill Post Dip

B Monday (Winter) EThursday (Winter) [E@Monday (Summer)* EThursday (Summer)*

Fig. 6.1 Number (with standard deviation) of Campylobacter spp. recovered from bird carcass rinses taken before
entering the IOBW (Post Pick), after exiting the IOBW (Pre-Chill), after exiting the pre-chiller (Pre-Post), after
exiting the primary chiller (Post Chill) and after exiting the post chill dip tank (Post Dip). *Sampling taken after
intervention changes were implemented. ND = none detected (Detection Limit = 1 CFU/mL)
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Fig. 6.2 Number of Campylobacter spp. recovered from a manure grab at the end of the shackling belt (Manure)
and water samples taken from the 1% scalder tank (Scalder 1), 2" scalder tank (Scalder 2), 3" scalder tank (Scalder
3), pre-chiller (PCW), primary chiller (MCW), and from the post-chill dip tank (DTW). *Sampling taken after
intervention changes were implemented. ND = none detected (Detection Limit = 1 CFU/mL)
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