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Abstract

The extrusion process is acclaimed as one of the most efficient and safest manufacturing processes for
developing dry food items intended to be shelf-stable with an extensive shelf life. Similarly, the fat rendering process
results in a safe and sterile product that can be utilized for flavorings or nutrient enrichments. Both methods have
been widely accepted for the production of safe shelf-stable dry pet foods and pet food related products. Despite the
safety associated with these products and their processing methods, the Food and Drug Administration (FDA) has
issued 235 recalls from January 1, 2010 to April 1, 2018 concerning pet foods, livestock feeds, pet treats, and other
animal specialty items. Of the 235 total recalls, possible contamination due to Salmonella was responsible for 124
recalls and recall expansions. Possible contamination due to Listeria was responsible for 19 recalls and recall
expansions; nine of these cases overlapped with possible Salmonella contamination recalls. One Shiga-toxin
producing E. coli (STEC), E. coli O128, was implicated in a raw pet food recalled March 26, 2018. It is suggested
that the addition of fats and other nutrient compounds, following the primary cooking process of pet foods, could
contribute to the introduction of pathogenic organisms in the final product. It has been shown that bacteria are more
likely to survive in heated environments when lipids are present. Animal derived fats, specifically beef tallow, pig
lard, and duck fat, have not been associated with having antimicrobial properties. The potential pathogenic
harboring capacity of animal fats should be further studied.
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Introduction

Pet Foods
Commercial pet foods can be described as nutritionally complete or

nutritionally complementary [1]. The majority of products, labeled as
pet foods, are nutritionally complete meals which contain all of the
necessary nutrients to support or maintain growth, depending upon
the stage of life, without the need for additional supplementation [1,2].
Treats and other supplemental foods are considered complementary
items to be used in conjunction with nutritionally complete meals or
other complementary components to form a well-balanced diet [1].
Complete diets and complementary treats comprise the two types of
pet foods that can be subdivided into various categories.

Currently, researchers and the pet food industry appear to be
divided over how to categorize pet foods based upon the
characteristics acquired during processing. In the industry, pet foods
can be subdivided based on what processing technique was utilized to
develop the final product. This can include canned/retorted, baked,
extruded, frozen, freeze-dried, air-dried, and refrigerated products
[2,3]. The issue with this division is that there is often overlap within
many of the product characteristics such as baked and extruded
products which both produce dry pet foods. Zicker presented a
categorization of commercial pet foods based on processing
characteristics. In his topical review, pet foods were divided into three
types based on water content: moist, semi-moist/soft, and dry [4]. The

largest of these three categories is dry pet food, which accounts for the
largest weight and monetary value within the pet food industry [5,6].
Moist pet foods contained a range of 60-87% water, semi-moist/soft
pet foods contained a range of 25-35% water, and dry pet foods
generally contained 11% water or less [4]. These ranges have also been
verified in other works with some variation [7-10]. Treats are
sometimes typed as an additional category; however, they are generally
included into these three overarching types.

During the 1860’s, pet foods became more commercialized with the
development of baked pet food biscuits [3,11]. The first canned pet
foods appeared in the consumer market in the 1920’s in hermetically
sealed retorted containers [3]. It was not until the 1950’s that an
extruder was used to produce food based items with the development
of the Single screw extruder and the Twin screw extruder [3]. In the
mid 1950 ’ s, the first pet foods were produced using extrusion
technology and rapidly grew to the largest share of the pet food market
[3-6].

All pet foods are regulated by the Food and Drug Administration
(FDA) through the Federal Food, Drug and Cosmetic Act (FDCA),
with some overlap with the United States Department of Agriculture
(USDA) and Environmental Protection Agency (EPA) [4,12,13]. The
Association of American Feed Control Official (AAFCO) holds no
regulatory authority, but works closely with the FDA and other state
governments to provide the necessary safety and nutritional
information concerning pet food products [13]. AAFCO formed the
Canine Nutrition Expert Subcommittee in 1990-1991 followed by the
Feline Nutrition Expert Subcommittee in 1991-1992 to address various
nutrient requirements to be met by pet food label claims of complete
diets [12]. Within the dry pet food category, Spears and Fahey reported
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that extrusion was the production method utilized for 95% of the pet
food diets [14]. Semi-moist/soft foods and treats may have also been
included in the final percentages since many of these products undergo
the same initial extrusion process, but negate the final drying step
[4,6].

Extrusion is defined as a high temperature, short time (HTST)
bioreactor process [6,15,16]. Under these processing conditions,
physical and chemical changes affecting the nutrition, structure, and
palatability occur as the product is cooked and subsequently extruded
[6]. Temperature conditions range from 80-200 ℃  (typically
110-150℃) with an average 300g/kg moisture content and 34-37 atm
pressure for a relatively short time of 10-270 seconds followed by a
varied drying time at 120-160℃  [4,6,16,17]. Raw ingredients are
ground and mixed together to form a viscous homogenous dough
[4,18]. This dough can then be conditioned with water or it can be
added directly into the extruder barrel which cooks the product under
heat from steam and friction caused by the increased pressure
experienced by the spiral screws in the chamber [6,16,19,20]. Once the
food product has been rendered sterile, due to the temperature,
pressure, and added steam combination within the barrel, it is forced
through a die, at 3-6 MPa pressure, which forms the ultimate shape of
the product [2,4,15,21]. A knife is used to cut the extruded pet food
product to the desired length prior to drying to a moisture content of
6-8% and subsequent cooling at ambient temperature [4,6,19]. The
extrusion process ultimately results in a sterile product free of
microorganisms and their related toxins [2,4,6,15].

Despite the numerous safety, nutritional, and production benefits of
the extrusion process, the oxidation of various fat components, which
may lead to rancidity, continues to be a concern within the final
products [20,22]. The loss of heat labile nutrients, specifically vitamins
and minerals, is also of concern within the industry, especially for
products that are formulated to be complete meals [6,23,24]. Many pet
food companies adjust the fat and heat labile nutrients within their
products to compensate for losses during extrusion. Fats and heat
sensitive nutrients can be added in excess at the beginning of the
extrusion process to compensate for the loss of some during the
processing [6,23,24]. This method of nutrient compensation can be
extremely costly if the final nutrient balance deviates from the
estimated loss to a point of deficiency or excess outside of the accepted
limits. The addition of excessive fats to the initial dough mixture before
extrusion can ultimately influence the cooking process of the extruded
product by decreasing the friction within the screw chamber [6,22].
Excessive fat levels at the beginning of production can also result in a
product that lacks the proper expansion and structural properties
necessary for extruded products [6,22]. Due to these undesirable
characteristics, fats and heat sensitive nutrients are typically added as
flavors and nutrient enhancements during the drying and cooling
phases of pet food production [16]. This can be accomplished by
several different methods of spray drying, drop coating, drum drying,
and other coating styles with various antioxidant mixes such as
tocopherols (Vitamin E) [2,16]. The addition of these fats and heat
labile nutrients after the primary cooking step and the initial drying
process helps to ensure their structural survival during production. It
does, however, increase the likelihood of microbial contamination
within the final product.

Pathogens of Concern

Salmonella various strains
From the beginning of January 1, 2010 to April 1, 2018, the FDA

issued 235 individual recalls for livestock and domestic pet related
products [25]. The largest number of these recalls was attributed to
suspected or laboratory confirmed bacterial contamination, specifically
Salmonella spp. [25]. The following categorization of the FDA recall
cases was summarized by the writer for use in this review. Salmonella
spp. have been implicated in the contamination of 42 dry pet food
products, 29 moist or refrigerated/frozen pet food products, 45 pet
treat products, three animal medications, and five specialty pet foods
or added ingredients [25]. Two of the dry pet food recalls included
associated treat recalls and 16 of the listed 45 pet treat recalls were of
animal origins, such as pig ears and cow hooves [25]. The majority of
these recalls were precautionary with no formally reported pet or
human illness despite some food samples having confirmed laboratory
evidence [25]. Minimally processed pet food products, such as raw
diets and pet treats of animal origin, are known to increase the risk of
human exposure to Salmonella via handling contaminated food items
or direct animal contact [26-29]{Centers, 2006, Human salmonellosis
associated with animal-derived pet treats--United States and Canada`,
2005;PHAC: Public Health Agency of Canada, 2000, Preliminary
Report - Human Health Risk from Exposure to Natural Dog Treats -
CCDR Volume 26-06 - Health Canada;Pitout, 2003, Association

serotype Newport expressing the AmpC β-lactamase`, CMY-2;Sato,

household dogs}. White et al. examined the frequency of Salmonella
spp. in animal derived pet treats available in stores across the United
States. Of the 158 sampled products, 65 (41%) were contaminated with
at least one strain of Salmonella, with several of the isolates displaying
resistance to one (36%) or multiple (13%) antimicrobials [30]. Nemser
et al. reported the analysis of 480 dry and semi-moist pet products
yielded a positive Salmonella recovery in one dry cat food. In the
analysis of 576 raw pet foods, exotic feeds, and jerky-style treats, 15
positive Salmonella spp. were recovered from raw pet food samples
[31].

Although the recovery of Salmonella is less frequent from dry pet
foods, there have been two major outbreaks associated with these
products. From January 1, 2006 to December 31, 2007 the Centers for
Disease Control and Prevention (CDC) and FDA traced an outbreak of
Salmonella enterica ser. Schwarzengrund in 70 patients across 19 states
with the majority being reported in the northeastern United States
[32]. The outbreak was later expanded from December 31, 2007, to
September 18, 2008, due to nine associated cases resulting in a total of
79 patients, with 30 cases in children under the age of two, from 21
states [33]. In both reports, some patients experienced bloody diarrhea
and were hospitalized, but no deaths were reported [32,33]. The cause
of the outbreak was traced to two brands of dry dog food produced by
Mars Petcare US at their Everson, Pennsylvania, location [32,33]. The
manufacturing plant was shut down for cleaning and renovations in
July of 2007, after the outbreak strain was identified by the FDA in
unopened packages of the final products [32]. The plant was later
reopened in November of 2007, but with the addition of more outbreak
cases in 2008, continuing the outbreak for three years, the Everson
plant issued a nationwide recall of all dry cat and dog foods produced
at the plant over a five month time frame and officially closed in
October 2008 [32,33]. This was the first reported human Salmonella
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outbreak associated with dry pet food [32]. Although the source of the
bacterial contamination was never definitively identified, it was
hypothesized that contamination may have occurred during the
flavoring and enhancement of the products after extrusion [32].

From February 1, 2012, to July 18, 2012, the CDC reported an
outbreak of Salmonella Infantis in 47 patients from 20 states and two
patients from Canada [34,35]. Upon recovery of Salmonella from a
routine retail test, conducted by the Michigan Department of
Agriculture and Rural Development on April 2, 2012, Diamond Pet
Foods recalled 17 brands of dry dog and cat food from its
manufacturing plant in Gaston, South Carolina. This particular
Salmonella Infantis, in addition to a second strain, was linked to the
outbreak of human illness attributed to contact with the contaminated
pet food or animals that had access to the food [34]. This was the
second reported human Salmonella outbreak to be associated with dry
pet food [34,35]. The source of the contamination was never
confirmed; however, the FDA report suggested post-processing
contamination of the product due to poor employee hygiene and a lack
of microbial analysis for incoming animal fats [36].

Salmonella are generally described as motile rod shaped Gram-
negative bacteria with peritrichous flagella (some non-motile), can
produce hydrogen sulfide (varied), and are facultative anaerobes that
do not form spores [37,38]. All known serotypes, over 2500, are
pathogenic to humans and may be pathogenic in other animals
[37-39]. The number of bacteria in an infective dose varies with the
strain of Salmonella. Although most records indicate illness at 5.0-log
to 10.0-log cfu/g among human participants, as few as 3.0-log cfu/g to
a few hundred cells have been thought to cause Salmonella outbreaks
among humans [38,40]. Salmonella infection from ingestion of
contaminated food items or contact with animal carriers can result in
fever, diarrhea, and abdominal cramping within 12-72 hours after
exposure with symptoms persisting for four to seven days [41]. In the
CDC Foodborne Illness Fact Sheet (2000-2008), Salmonella was
reported as the most common pathogenic bacteria to cause the largest
number of food-borne related illnesses (1,000,000 people),
hospitalizations (19,000 people), and deaths (380 people) per year
[42,43].

The first human isolate of Salmonella, specifically Salmonella
enterica subsp. enterica ser. Typhi, was attributed to Georg Gaffky in
1884 [39]. In 1885, veterinarian Daniel Salmon and microbiologist
Theobald Smith isolated Salmonella, specifically Salmonella enterica
ser. Choleraesuis, from swine [38,39]. Salmon was credited with the
discovery and the bacteria were subsequently named in his honor [38].
Around 1983, DNA-DNA hybridization revealed only two separate
species of Salmonella, S. enterica and S. bongori; therefore, resulting in
the categorization of S. enterica into six subspecies [38,39]. Salmonella
are also categorized by serotypes, or serovars, based on surface
structures including flagella (H) and somatic (O) antigens [38]. These
serotypes are described in the White-Kauffmann-Le Minor (WKL)
scheme and recent supplemental listings [39,44-46].

Shiga-Toxin Producing Escherichia coli (STECs)
Only one Shiga-Toxin Producing E. coli, E. coli O128, has been

associated with any pet food related recalls from January 1, 2010 to
April 1, 2018. In 2014, Nemser et al. reported that no STEC strains
were isolated in the 480 dry and semi-moist pet foods assayed. There
was also no detection of STECs in any of the exotic pet foods or jerky-
type treats. There was, however, recovery of non-O157 STECs in 10 of
the 196 raw pet food diets [31]. This indicated that raw pet food diets

have the potential to harbor STECs and that there is the possibility for
human exposure to the organisms, if proper hygiene is neglected [31].
This is reflected in the recent raw pet food recall associated with E. coli
O128 which is a non-O157 STEC. Despite the lack of formal recalls
associated with these organisms in pet products, there have been
recalls due to E. coli and STEC contamination in several human food
grade ingredients such as: meats, nut-spreads, flours, cheeses, and leafy
greens [47]. All of these products have the potential to be used for
manufacturing pet foods. Outbreaks of various STECs have been
documented in several products ranging from raw and unpasteurized
products to cured meats and packaged cookie dough [48-52].
Outbreaks have also been reported from contact with livestock and
with infected persons [53,54]. STECs have likewise been isolated from
numerous mammalian species including: cattle, pigs, sheep, goats, cats,
and dogs [55-57]. Although it has been proposed that companion
animals may be a source of potential contact with STECs, the actual
source of the organisms to humans remains unclear [55,58]. E. coli,
specifically STECs, remain a prominent concern within the pet food
industry due to the severity of the disease and the potential transfer to
humans.

The identification of E. coli was credited to Theodor Escherich in
1885 [37,59,60]. The German pediatrician isolated Bacterium coli
commune from the human colon, which was later renamed
Escherichia coli in his honor [59]. Despite E. coli belonging to the
Enterobacteriaceae family with other exclusive pathogens, such as
Salmonella, it is considered to be an opportunistic pathogen [37,59]. E.
coli are generally described as rod shaped Gram-negative non-spore
forming facultative anaerobes with variable motility and produce acid
and gas from both glucose and lactose [37,61]. The structures,
including flagella (H) and somatic (O) and encapsulation (K) antigens,
help to differentiate the serotypes of E. coli from one another [62].
These serotypes are described in the World Health Organization
reference collection for E. coli, similar to the White-Kauffmann-Le
Minor (WKL) scheme used for Salmonella [63,64].

There are six different pathotypes of E. coli including: Diffusely-
adherent E. coli (DAEC), Enteroaggregative E. coli (EAEC),
Enterohemorrhagic E. coli (EHEC), Enteroinvasive E. coli (EIEC), and
Enterotoxigenic E. coli (ETEC) [61,62,65]. The Enterohemorrhagic E.
coli (EHEC) pathotype are categorized within the larger Shiga-toxin
producing E. coli (STEC) group [66]. Konowalchuk et al. discovered
that certain E. coli produced toxins that were cytotoxic to vero cells,
thus describing them as Vero-toxins or Vero-toxigenic E. coli [67,68].
O’Brien et al. discovered that a strain of E. coli linked to a hemorrhagic
colitis outbreak, E. coli O157:H7, produced a Shiga-like toxin [69,70].
The research of the E. coli Vero-toxins, Shiga-toxins, and Shiga-like
toxins met in the study conducted by Karmali that showed a significant
correlation between patients displaying hemolytic uremic syndrome
(HUS) and the recovery of Vero-toxin producing E. coli from their
fecal samples [69,71]. Here, the terms of Shiga-toxin (Stx), Shiga-like
toxin (SLTx), and Vero-toxin (VT) became synonymous in describing
various strains of E. coli which produced toxins that caused severe
illness among human patients including HUS and thrombic
thrombocytopenic purpura (TTP) [68,69,71]. The Shiga-toxin is an
A1B5 toxin [15,72]. The toxin causes death to various eukaryotic cell
types, namely vero cells, by binding to the cell surface with the five B
subunits and inserting the active A subunit into the cell [15]. The A
subunit disrupts normal protein synthesis within the cell and
ultimately leads to cell death [15,72]. General symptoms of infection
include watery diarrhea, vomiting, muscle cramps, nausea, variable
mild fever, variable blood in stool, and possible progression to the
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development of HUS or TTP [68,73,74]. The illness typically lasts five
to seven days, but can cause permanent damage or death, especially
when the individual is immunocompromised [73,74].

Listeria monocytogenes
Listeria spp. have also been associated with several contaminated

pet related foods, but to a lesser extent than Salmonella spp. The
following categorization of the FDA recall cases was determined by the
writer for use in this review. Listeria spp. were implicated in 19 of the
235 recalls, with the majority being in refrigerated/frozen meals and
raw pet food diets [25]. A freeze-dried pet food and a fermented air-
dried pet food were also listed among the recalled items due to
potential Listeria contamination [25]. Nine of the Listeria recalls were
also associated with possible Salmonella contamination in the same
products [25]. Nemser et al. reported the analysis of 480 dry and semi-
moist pet products that yielded a single positive Listeria in one dry cat
food, separate from the dry cat food that recovered Salmonella. In the
same study, 32 positive LM samples were exclusively isolated from raw
pet food samples [31]. An additional 34 positive non-monocytogenes
Listeria were isolated from other raw pet food samples and a single
jerky-style treat [31].

Unlike Salmonella and E. coli serotypes, which can reside within
certain host animals without causing illness, Listeria does not have a
defined asymptomatic animal host [75-77]. Silage, milk bulk tanks,
and ill cattle on dairy farms have been implicated as potential sources
for Listerial biofilms [78,79]. Several Listeria strains have also been
shown to survive in various adverse environments and food items for
prolonged periods of time. Liao and Shollenberge showed that 27
Listeria strains were recoverable up to three years from storage in
sterile phosphate buffer (SPB). LM, specifically, survived in SPB until
the conclusion of a four week and a 30 week study [80]. Listeria has
also been shown to survive in spray dried milk with a moisture content
of 3.6-6.4% and pork rinds and cracklings at a water activity of 0.27
[81,82]. Due to the death of Listeria during pasteurization and other
processing treatments, it is thought that most contamination occurs
post processing [78,79,83]. Although there are no reported outbreaks
directly linking human illness from Listeria spp. contamination in pet
foods, the industry remains concerned due to the severity of the illness
and the recent emergence of the organism in refrigerated/frozen meals
and raw pet food diets [25].

The identification of Listeria, initially Bacterium monocytogenes,
was attributed to Dr. Everitt Murray and colleagues who observed the
bacteria upon the seemingly spontaneous deaths of several laboratory
rabbits and guinea pigs in 1924 [84,85]. Listeria were not implicated in
human disease until 1929, in Denmark, despite earlier possible
isolations from human patients in Germany, 1893, and from France,
1891 and 1921 [85,86]. In 1927, Pirie observed the same bacteria in the
liver of the African jumping mouse which he named Listerella
hepatolytica [86]. The genus of the bacteria was later changed to
Listeria in honor of the English surgeon and bacteriologist Joseph
Lister [37,87]. Listeria are generally characterized as an invasive
bacteria observed as small rounded rods [37]. Listeria are generally
described as non-spore forming Gram-positive rods which are
microaerophillic, motile via peritrichous flagella, psychotrophic
(2.5℃-25℃), are salt (NaCl) tolerant, and produce acid without gas
from glucose [37,85,88]. Listeria, specifically LM, can cause a wide
array of symptoms from gastrointestinal distress to septicemia,
meningitis, spontaneous abortions, and death [88]. Laboratory
research and recovery from outbreak samples have suggested a large

infective dose (>6.0-log cfu/g) is necessary to induce the typical
nausea, vomiting, diarrhea, muscle cramps, and fever associated with
gastrointestinal related febrile gastroenteritis [85,88-90]. It has also
been suggested that outbreaks have been caused by 2.0-log to 4.0-log
cfu/g and that precautions should be taken by immunocompromised
individuals, especially pregnant women. LM are categorized into 14
serotypes with 1/2a, 1/2b, and 4b attributing to most of the human
illness [91].

Animal Based Fats
Contrary to the plethora of recalls and outbreaks related to pet food

products, the extrusion process of pet foods has been deemed one of
the most efficient and safest processing methods for dry shelf stable
food with a prolonged shelf-life [2,6,21]. With the high temperature
short time (HTST) process, resulting in a pathogen free product, it is
thought that the majority of bacterial contamination results from
additional industrial processes [2,6,16,92,93]. Similar to the thermal
treatment of the extrusion process, the rendering process of animal fats
uses processing temperatures intended to completely reduce the
bacterial load within the final products [3,94-96]. The National
Renderers Association recognizes treatment of animal fats ranging
from 115℃ to 146℃ for an average of 40 min or more is a sufficient
rendering process [95,97]. Since the thermal treatment experienced by
the animal fats during the rendering process will kill any pathogenic
bacteria of concern, the source of contamination must come post-
processing. These contaminated fats may subsequently contaminate
dry pet foods when added as flavors and nutrient enhancements after
the primary cooking and drying steps in the pet food production
process.

It is suggested that various fats and oils can act as vehicles for
microbial contamination through buffering capacities experienced
during heat treatments [98-100]. Burnett, Gehm, Weissinger, and
Beuchat reported that Salmonella spp. were capable of surviving in
various peanut butters, reduced sugar and reduced sodium peanut
butters, and reduced fat spreads for 24 weeks at 5℃ and 21℃ storage
[101]. Juneja and Eblen displayed an increase in the lag time of
Salmonella spp. within ground beef as the fat content increased,
contributing to an overall increase in bacterial survival during heat
treatment. This prolonged survival was contrasted with the rapid linear
decline of Salmonella spp. populations within heated chicken broth
(3% fat) [102]. Holliday et al. reported on the survival of Salmonella
spp, E. coli O157:H7, and LM in various butters and yellow spreads
over three weeks at 4.4℃ and 21℃ storage. Overall, the three genus of
bacteria were reported to have higher surviving counts within the
higher fat (>61%) products compared to the lower fat products [103].
The survival of the different bacterial populations was ultimately
compromised due to the confounding influence of pH and
preservatives within several of the inoculated products [103]. The
phenomenon of increased heat resistance and prolonged survival rates
in fatty products have been attributed to possible encapsulating and
buffering capacities of the fatty acids within the lipid medium, as well
as the uneven dissipation of heat through the lipid medium due to
reduced water activity [98-100,102,104].

A review of the literature yielded no natural antimicrobial abilities
associated with beef tallow, pig lard, or duck fat resulting in a
reduction of Salmonella, E. coli, or Listeria populations. Beef tallow,
pig lard, and poultry fat (namely duck) fatty acid composition varied
within a wide range based on the sex, age, breed, geographic location,
and diet of the animal [3,94,105,106]. Edible tallow is exclusively
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derived from beef fat and bone sources that had been approved by
USDA, or country specific, inspectors for human consumption [3,94].
Beef tallow can be refined, polished, and deodorized to make it more
appealing for human consumption; it can also be left in a crude state
for animal consumption [3,94]. Lard, also referred to as edible grease,
is derived from the rendered adipose tissue of pigs that had been
approved by the USDA, or country specific, inspector for human
consumption [3,94,107]. The pet food industry is said to utilize
anywhere from 10-20% of the entire annual yield of rendered poultry
fat [3]. Duck fat would be a specific category of rendered poultry fat
and would have duck as the sole source of fat.

The lack of natural antimicrobial activity within animal fats and
their proposed ability to act as buffers during heat treatment processes
supports the idea that contaminated post-rendered fats may be a
source of contamination within the dry pet food industry. If the animal
fats, contaminated post-rendering, are not the initial source of the
contamination they may provide enough lipid buffering capacity to
allow for the survival of pathogenic organisms from other sources
during the coating process. Good hygiene, physical cleaning, and
stringent sanitation procedures should be stressed throughout the pet
food production process, especially the flavoring and enrichment
areas. These areas should be considered a critical control point to
prevent the introduction of food borne pathogens into the food
products.

Conclusion
The complete reduction of pathogenic microbial populations

associated with the high temperature processing methods of both
extrusion and fat rendering should ensure the safety of dry pet foods
and pet related products. Two of the presented cases associated with
human illness from dry pet foods cite poor hygiene and a lack of
microbial testing associated with the flavoring and enrichment areas
within the manufacturing plants. It is therefore necessary to consider
the introduction of pathogenic organisms to dry pet foods through
contaminated post-rendered fat sources and the potential ability of the
fats to act as insulating lipid buffers, allowing the survival of pathogens
from other sources. Further study into the ability of animal fats to
harbor various pathogenic organisms is recommended.
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