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Abstract

The safety of the food supply is a subject of intense interest to consumers, particularly as a result of large-scale outbreaks that involve

hundreds and sometimes thousands of consumers. During the last decade, this concern about food safety has expanded to include the

diets of companion animals as a result of several incidences of chemical toxicities and infectious disease transmission. This has led to

increased research into the causes and controls for these hazards for both companion animals and their owners. The following summary

provides an introduction to the issues, challenges and new tools being developed to ensure that commercial pet foods are both nutritious

and safe.
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Pet food safety in the spotlight

The nutritional adequacy and safety of foods are intertwined

in the minds of consumers. Foods that are nutritiously sound

but that are not trusted because of safety concerns will be

rejected by pet owners, as will foods that are safe but are con-

sidered nutritionally inadequate. Thus, regardless of whether

the focus is human or pet nutrition, the ability to manufacture

and distribute safe products is a prerequisite for marketing a

food product. This is particularly important for infants and

pets, where the products are often the sole source of nutrition.

Companion animals are an integral part of the family unit in

most societies. As the size of families has decreased in most

developed countries, the role of pets as ‘family members’

has increased dramatically. The health and well-being of

pets is a responsibility that most owners take very seriously.

As a result, owners increasingly rely on high-quality, commer-

cially prepared pet foods to provide both convenience and

sound nutrition through the different phases of an animal’s

life. However, as consumers increasingly rely on commercially

produced pet foods, the potential impact of hazards associated

with the manufacture, distribution and use of pet foods is

amplified as a result of common sourcing of ingredients and

increased size of production lots. Thus, an error in manufac-

turing could lead to large-scale adverse events.

Pet food safety represents a substantial challenge over

traditional food safety concerns because the hazards can

potentially directly have an impact on the animal and

indirectly affect humans who share its environment. Pet

food can serve as a vehicle for infectious disease agents,

as well as naturally occurring and inadvertently added toxi-

cants. It can also potentially lead to nutritional deficiencies

if formulated incorrectly. The direct impact of chemical con-

taminants in pet foods on animal health was dramatically

demonstrated in 2007 when cases of kidney damage and fail-

ure in cats and dogs were reported in the USA(1,2). Ultimately,

the source of disease was traced back to the adulteration of

protein sources with melamine and cyanuric acid. However,

this is not the only example of chemical hazards being associ-

ated with pet food ingredients. For example, in 2005–6, there

were more than 100 deaths of dogs in the USA, which were

linked to the consumption of pet foods containing high

levels of aflatoxins, resulting in a large recall of pet food(3)

and, again, emphasising the impact that improper ingredient

sourcing can have on the safety of the product.

The impact that the microbiological contamination of pet

foods has on animal health is less clear-cut due to the fact

that few of the potential outbreaks are investigated thoroughly

and are often confounded by the multiple routes of exposure.

However, it is clear that many of the same pathogenic
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micro-organisms that affect humans also cause disease in com-

panion animals. For example, improperly canned dog food

has a similar risk of botulism due to toxin production by Clos-

tridium botulinum as it has for human foods. Likewise, while

adult dogs are generally less likely to be symptomatic than

humans, Salmonella enterica infections in dogs are relatively

common, and salmonellosis can be a serious disease in pup-

pies and elderly animals(4–8).

The ability of companion animals to serve as reservoirs

for disease agents that can have an impact on their owners

and other humans has long been recognised. For example,

the common canine parasite Toxocara canis can also infect

humans. The transmission of this nematode is associated

with the contamination of the environment by faecal material.

Another example is the warning given to pregnant women

to avoid handling of feline faecal material, as well as

avoiding handling and consuming undercooked meats, to

reduce the risk of fetal Toxoplasma gondii infections. How-

ever, it has only recently become widely appreciated that

pet foods can be a source of pathogenic micro-organisms

that can have an impact on pet owners. Pet foods can serve

as a vehicle for foodborne pathogens, resulting in direct or

indirect transmission. In the former, the handling (or in

some cases ingestion) of contaminated pet foods and treats

by the pet owner is the route of transmission. In the latter

case, the pet becomes asymptomatically infected, and, in

turn, serves as a reservoir for the pathogenic micro-organism

either through direct contact between the pet and the pet

owner, or through faecal contamination of the environment.

Several recent outbreaks of human salmonellosis have been

directly linked to contamination of dry pet foods and pet

treats (e.g. pig ears)(9,10).

The safety of pet foods in many countries has traditionally

been held to a higher standard than animal feed. Furthermore,

the recent outbreaks associated with chemical or microbiolo-

gical contamination of pet foods have resulted in several

countries revisiting the requirements associated with manufac-

ture and sale of these products. For example, the US Food and

Drug Administration clearly articulated its expectations that

pet food be manufactured under conditions similar to those

that it requires for human food. A number of large recalls

have been undertaken by manufacturers after dry pet foods

and treats have been found to be contaminated with S. enter-

ica or manufactured with ingredients that were subsequently

found to be contaminated with the pathogen. For example,

a substantial portion of the products recalled as a result of

the widespread contamination of peanuts and peanut flours

with S. enterica were pet foods. Other countries have similar

concerns and changes in regulatory approaches are being

implemented in Europe, Japan and other countries. These

changes in consumer expectations and accompanying regu-

latory interest are likely to have major impacts on the pet

food industry, particularly for dry pet food products. The

most obvious will be a wide scale need to upgrade facilities

so that they meet the requirements for the production of

human foods. However, it will also have an impact on

all operations as the need for more care in the acquisition

of ingredients, the maintenance of records and the level of

quality assurance will be expected by both retail markets

and consumers.

Refocusing microbiological safety of pet foods

The recent, highly publicised salmonellosis outbreaks and

recalls of dry pet foods due to contamination with S. enterica

have caused a major review of microbiological control pro-

grammes, and have reinforced the idea that food safety goes

beyond traditional factory quality management processes. As

in foods for humans, ensuring the microbiological integrity

of pet foods must cover the entire production pipeline

(‘farm-to-fork approach’). Failure to do so can place both

your consumers and their animals, and thus your products

and business, at risk of a food safety incident. Historical infor-

mation demonstrates that food safety incidents can be traced

back to issues involving raw materials, production, distri-

bution and mishandling before consumption. Looking further

into these food safety incidents, it is possible to categorise the

root cause(s) as chemical (involving contamination with toxic

chemicals that are added directly or indirectly), physical

(involving contamination with foreign objects) and microbio-

logical (contamination with hazardous micro-organisms and/

or their toxic metabolites). Of these categories, food safety

issues of microbiological origin have been the most challen-

ging for the food industry and have received increasing

focus over the past 5 years. This effort has escalated with

recent advances in forensic epidemiology, which has

increased our ability to detect diffuse outbreaks on regional,

national and even international levels. During the past 5

years, there have been numerous food recalls due to micro-

biological issues related to mycotoxins (primarily aflatoxin)

and S. enterica contamination. The mycotoxin issues are typi-

cally traced back to the usage of contaminated raw materials

(typically grains), which are not detected before the food

manufacturing process. The Salmonella issues are not that

straightforward and, in several recent incidents, have involved

food types that have been traditionally viewed as low risk

(i.e. high-acid or low-water-activity foods). To highlight this,

during the past 2 years, there have been Salmonella outbreaks

associated with tomato-based salsa (high-acid food), peanuts

(low-water-activity food), chicken pot pies (frozen food) and

dry pet food (low-water-activity food). Past beliefs were that

Salmonella would not survive in or on these foods, and

would therefore be low risk of a food safety incident. How-

ever, Salmonella (and a number of other enteric bacteria)

have survival mechanisms that allow it to survive in dry

products, sometimes for extended periods (up to a year or

longer). In addition, it has repeatedly been implicated in

outbreaks where contamination rates were #1 cell/g. Recent

outbreaks have shown that Salmonella can survive on dry

pet foods, and serve as a vehicle of contamination and infec-

tion to both the pet and the pet owners. This is primarily

driven by the fact that, in many instances, pets and their

food are in the home. Thus, it is critical that pet foods are pro-

duced in a manner that prevents Salmonella contamination.

Managing Salmonella contamination in the production of

dry pet foods can be very challenging as many of the raw
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materials are naturally contaminated (i.e. grains, meats and

meat meals, poultry, etc.). Therefore, it is crucial to perform

a risk assessment to understand which materials and processes

pose the most risk and develop a control plan that addresses

and minimises the potential product safety concerns. This

must be comprehensive and take into account key risk areas

and risk management efforts involving the ‘people, plant

and process’ (the three ‘Ps’). In terms of ‘people’, the compe-

tency and awareness of the factory teams of Salmonella risks

and management requirements is critical, and adequate train-

ing and management systems are key resources. For ‘plant’,

the focus is on designing and controlling the manufacturing

environment to ensure good manufacturing practices through

sanitation approaches such as process and equipment design,

segregation of microbiological hot and cold zones, airflow

and condensation management, and overall maintenance to

keep the facility in a ‘fit for purpose’ state. For ‘process’,

there is a need for ongoing evaluation of the manufacturing

systems to ensure proper critical control point identification,

validation that the systems can provide the level of control

needed, monitoring and verification that that control is being

delivered, and review of material and personnel flows,

sanitation programmes, prevention of cross-contamination,

water control efforts, and the overall quality and food safety

management process.

The three ‘Ps’ form the foundation for managing Salmonella

(and other microbiological risks). Failure to have all in place

would increase the risk of potential Salmonella contamination

issues. In addition to the three ‘Ps’, it is critical to implement a

verification programme that is statistical in design, sensitive

and robust. This involves sampling the process environment,

raw and in-process materials and finished products, including

performing microbiological tests to verify the effectiveness of

the control programmes. The selection of sampling locations,

frequencies, quantities and test method(s) is also critical to

the sensitivity and reliability of the programme. Again, a key

to implementation of a successful verification programme is

appropriate validation to ensure that verification system is

capable of detecting potential issues before they can have

an impact on product safety. An integral part of a proactive

approach to the microbiological safety of pet foods is

establishment of ‘escalation criteria’, corrective actions and

communication plans based on the microbiological data.

This structured approach helps ensure a standardised means

of addressing potential issues and to provide the necessary

awareness to manage potential risks.

Evaluation of novel ingredients and potential toxicants

The growing demand for food (for humans and pets), as well

as animal feed, has led to increasing use of unconventional

foodstuffs. The determination of the safety of new food

constituents, additives or contaminants is always a daunting

challenge. This is particularly an issue when the chemicals

of concern are novel ingredients that have not been

previously used in foods or were produced using novel tech-

nologies. These challenges are even more daunting in pet

foods where manufacturers must consider both the unique

metabolism of individual species and the differences that

exist among breeds within a species. This requires a thorough

understanding of how comparative toxicology must be con-

sidered in evaluating novel ingredients, and how this has

had an impact on recent events in regulations that have an

impact on the issue.

There are two aspects of general toxicology particularly per-

tinent to this topic: species differences in sensitivity to chemi-

cals and the use of in vitro technologies to screen novel

compounds to predict in vivo effects. It is well documented

in the veterinary pharmacology literature and embedded in

animal health regulations that species differences exist relative

to all aspects of chemical and drug processing by animals,

from absorption to metabolism to elimination and inherent

biological activity. The US National Research Council(11)

study on safety of dietary supplements in animals clearly

states that safety in humans does not predict safety in pets

(e.g. garlic, aspirin), suggesting that historic use in human

food does not guarantee safety in pets. Similarly, safety in lab-

oratory rodents does not equate to safety in pets, nor would

widespread use in dog food assure safety in cats. There are

many other factors unique to individual species nutrition

and feeding practices that confound this issue.

Based on a similar logic, the human toxicology and risk

assessment community is realising that relying on laboratory

animal screening tests alone does not predict human effects.

This has led to a paradigm shift, best embodied in the

NRC(12) report’s concept of toxicity testing in the twenty-first

century, which would first identify active principles and

define mechanism of action to help select appropriate

animal models for testing. Importantly, an animal model or

experimental system useful for assessing absorption may not

be relevant for assessing toxicity. A bank of model systems

of different complexities linked by quantitative models is

needed. A similar scheme could be developed for pets. How-

ever, relevant in vitro screens are not available and biological

endpoints (i.e. adverse effects) in target species (e.g. dogs or

cats) have not been well defined as they have in humans.

Pet food manufacturers are always looking for new sources

of nutrients that can enhance the nutritional well-being of

pets. This includes new energy sources, protein sources,

micronutrients and dietary supplements that may be ‘novel’

ingredients. What are ‘novel’ ingredients? The comparative

toxicology discussion above could define a novel ingredient

as one which has not been used in the species of concern

since use in another species does not assure safety. However,

the more interesting case is a truly novel ingredient with

unique chemistry which has never been used as a feed

additive or supplement. This could be a chemical found in

a new raw material or natural food source, or one synthe-

tically produced using novel chemistry or biotechnology

approaches. What is the best method to screen these com-

pounds? A variation on this theme is a ‘normal’ chemical

produced using ‘novel’ techniques including nanotechnology

or GM organisms. What about nano-formulations of existing

substances? There are situations where new research identifies

‘novel’ clinical syndromes, an excellent example being the

association of Balkan endemic nephropathy with aristolochic
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acid from plant contaminants, rather than as historically

believed from ochratoxin exposure due to mould(13,14).

Finally, there are the recent cases of economic adulterants

being introduced in the food supply (e.g. melamine/cyanuric

acid). How can these compounds be detected using screening

methods before a toxicological incident defines the endpoint?

This was particularly difficult with melamine and cyanuric acid

since, individually, the compounds are considered to have

low toxicity and only have an adverse effect when fed in com-

bination(15). Thus, traditional testing of pure compounds

would not identify the synergistic toxicity of the two com-

pounds when consumed simultaneously. In recent years,

events such as globalisation of trade and global climate

shifts have exacerbated many of these issues and greatly

increased the number of ‘novel’ ingredients of all definitions.

This issue is multifaceted since techniques to detect and

assess safety must be developed, and, then, once an ingre-

dient is determined to be of concern, screening methods

instituted to ensure production of a safe food are sustainable

in the face of regulatory issues.

Despite the wide scientific uncertainty associated with novel

ingredients, the international regulatory environment is often

incoherent and definitely not harmonised for pet food addi-

tives. Many issues exist in the classification of supplements

v. additives v. functional foods v. contaminants and adulter-

ants. The US FDA has recently issued guidelines (http://fda.

gov/Food/FoodIngredienttsPackaging/GenerallyRecognizeda

asSafeGRAS/default.htm and http://www.fda.gov/AnimalVete

rinary/ResourcesforYou/ucm047111.htm) to clarify Generally

Regarded As Safe status. Of great importance to the toxicology

community are differences in regulatory philosophies con-

cerning specific additives (e.g. hormones and GM organisms)

and the use of animals to detect adverse effects. In Europe,

there is a continuing movement to ban all animal testing

and replace with in silico quantitative structure–activity

relationship risk modelling (e.g. REACH). However, accurate

quantitative structure–activity relationship models cannot be

developed in the absence of sound biological data to define

relevant endpoints. For example, the European Parliament

in July proposed suspension of sale of all food containing

ingredients derived from nanotechnology(16).

The determination of the safety of novel ingredients in

pet food is a complex issue, much as it is for human food.

The difference is that we know much more about human

sensitivity to chemical toxicity than we do for pets, and

we have much greater resources in human food safety to

define syndromes and even screen feed sources. In the pet

food industry, where manufacturers are under economic

pressure, quality of raw materials are often less than that

used for human food, and in many cases, science has not

identified whether a specific chemical is toxic under con-

ditions of use for a specific species or breed. Uniform

definitions of dose must be established and active ingredients

identified. Studies conducted in target species for palatability

or nutritional effect should be designed, conducted and docu-

mented so that results can be used in hazard identification

analyses should adverse effects be detected. However,

the greatest challenge is to identify sensitive in vitro and

in silico computational techniques that can screen out poten-

tial toxicants with a reasonable degree of accuracy. Only in

this fashion can this field move forward on the foundation

of strong science.

New tools for evaluating pet foods

As concerns about the safety of pet foods has increased, there

has been increasing emphasis on being able to rapidly and

cost-effectively evaluate ingredients and finished products

for the presence of an array of chemical and microbiological

hazards. Current laboratory methods for the identification of

chemical contaminants in food use the so-called ‘target list’

approach. A predefined list of compounds is detected by the

employment of customised extraction and analysis methods.

This approach is appropriate for the quantification of com-

pounds at trace levels for routine monitoring purposes

where the target compound is known, but is limited when

an unanticipated contamination threat arises. In these circum-

stances, exhaustive deployment of targeted analysis methods

is time-consuming, expensive and often unsuccessful. Thus,

substantial research is now focused on the development of

non-targeted detection methods that are able to rapidly deter-

mine the presence of unknown contaminants. By obtaining a

detailed understanding of what is naturally and normally pre-

sent in foods, it becomes possible to monitor the food chain

for abnormalities. A profiling or screening approach thus

facilitates the determination of a wide range of issues in the

areas of food fraud and food safety. While holistic monitoring

of food has been the ‘holy grail’ for a number of years, it is

only in recent times that instrumentation technology has

advanced to the point where this has become feasible.

A number of high-profile issues have highlighted the need

for broader-ranging determination of the composition of food-

stuffs. The recent adulteration of pet food and milk products

with melamine described above is a good example of how tra-

ditional approaches can fail. The compound was added to

give false readings of protein content. Reported levels in

some products were as high as 6·6 %, but since melamine

was not routinely measured in foods and ingredients, there

was wide penetration of the supply chain. Other widely

reported adulteration issues include the use of carcinogenic

dyes (e.g. Sudan I)(17) to enhance the colour of products

such as spices, an adulteration designed to improve the sale-

ability of goods by enhancing their appearance. Other issues

such as the addition of protein from cows and pigs to chicken

products pose ethical and religious questions to humans and

present a safety risk in the animal feed sector due to the

potential for the perpetuation of transmissible spongiform

encephalopathies. All of these issues would have benefited

from recent advances in non-targeted detection methodology,

which may have helped to avoid costly product recalls.

The pet food community is increasingly turning to analytical

methodologies such as NMR spectroscopy and high-resolution

liquid chromatography MS. NMR spectra usually possess a

unique combination of chemical properties such as J-coup-

lings, chemical shifts, nuclear Overhauser enhancements and

diffusion rates, potentially facilitating automated molecular
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characterisation(18–20). In recent years, rapid developments in

instrument design have resulted in significant improvements

to both resolution and sensitivity. The inverse relationship

between sensitivity and measurement time leads to a compro-

mise between the desired detection limit and the time taken to

acquire the NMR spectrum. Recent improvements in NMR sen-

sitivity can therefore be used to obtain more rapid measure-

ments and thus improve sample throughput. In order to

extract key information from the NMR spectra of complex mix-

tures, a range of chemometric techniques have been used in

combination with NMR spectroscopic data to, for example,

detect characteristic differences in the chemical composition

of foodstuffs(21). This approach identifies deviations from nor-

mality in relation to product and ingredient composition.

Once detected, an abnormal sample can be scrutinised

using a range of NMR techniques to determine the nature of

the problem.

There is complementarity between NMR spectroscopy and

high-resolution liquid chromatography MS. The main benefits

of using this combined approach are the relatively easy

sample preparation strategy and short analysis times. Very

high mass accuracy from the MS complements the highly

specific data generated by NMR spectroscopy. Analysis of a

variety of contaminants in relatively dirty extracts at very

low concentrations can be achieved. The structure elucidation

power of the NMR is then used to categorically determine the

nature of an unexpected contamination incident. Using this

approach, the detection of small quantities of unknown com-

pounds in complex mixtures has been demonstrated without

a priori knowledge of potential contaminants.

An increasingly global and complex supply chain associated

with pet foods further complicates the already substantial chal-

lenge of assuring pet food safety. At the same time, new tech-

nologies continually emerge that can have an impact on every

link of the supply chain, from farm to factory to food bowl. In

this regard, several areas stand out as being ones to watch.

Supply chain monitoring, decreasing costs and increased

sophistication for bar code, radio frequency identification,

wireless communication and global positioning satellite tech-

nologies make it feasible to trace the path of food ingredients

and products throughout their life(22–31). On top of the basic

when-and-where chronology, it is possible to gather

additional data (metadata) through sensor networks(32). For

example, temperature, light, humidity, oxygen concentration

or output from specialised analytical instruments can be mon-

itored at relevant points. A simple implementation involves

the use of smart packaging that can provide an instant visual

check for mishandling or adverse conditions(26,33). Infor-

mation of this nature can be of great value for both real-

time decisions and retrospective analysis of problems.

With the complexity of the supply chain, geographic infor-

mation systems and data analytics are likely to play an increas-

ingly important role in understanding and managing risk. For

example, if we know the origin of a given ingredient, what

else do we know about the local conditions at the time it ori-

ginated? One thing we can easily find out about is weather.

Was it unusually hot, cool, wet or dry? Are the weather con-

ditions associated with threats to food such as fungi or

pests? Another thing we might want to know about is region-

ally specific problems and threats. Had there been any recent

outbreaks of disease in people, pets or livestock(34–37)?

Are there known, localised biological threats, such as the

toxic plant Aristolochia clematitis in the Balkans? Are con-

ditions especially ripe for economic adulterers, criminals or

terrorists? Taken together, these types of metadata constitute

intelligence. When the food supply was local, this intelligence

was relatively easy to gather and share in a community.

With a global food supply, it is much more difficult for

food manufacturers to keep tabs on what is happening in

far-flung regions of the world. Geographic information

system technologies can help manage the relevant data and,

with the assistance of informatics and analytics, build local

intelligence on a global scale.

Foods and food ingredients are notoriously difficult to

analyse. They are complex, inconsistent and unstable. Further,

they are physically heterogeneous, with multiple phases

(such as fat, water and solids) that can sequester organic com-

pounds, microbes and foreign material. As discussed above,

the recovery of compounds of interest from this complex

matrix has traditionally involved tedious sample preparation,

extraction and purification. New technologies that allow for

direct analysis of food materials with little, if any, sample prep-

aration are greatly needed, and real progress is being made on

this front. An example is new surface-sampling MS techniques

that bypass the traditional extraction methods yet still provide

high sensitivity and specificity(38). Some useful analyses can

now be performed in stand-off mode, where no direct contact

with food materials is required(39). Another trend is the steady

miniaturisation and automation of analyses through micro-

fluidic or lab-on-a-chip technologies(40–46). These trends

work synergistically, for as samples get smaller, and their

preparation gets simpler, automation becomes more feasible.

The ultimate outcome will be faster routine analyses that

require less skilled labour and deliver greater return on

capital investment.

As prevention of food safety concerns is increasingly being

pushed back to the farm or the country of origin(47), the ability

to bring analytical capability to the field to make decisions

about ingredients is increasingly viewed as the way to avoid

the unnecessary shipment of food ingredients that will not

meet the pet food manufacturer’s specification or the govern-

ment’s regulations. This trend is driving the demand for field-

deployable analytical technologies. Instrumentation and tests

that can be used by farmers, truck drivers, factory workers

and government inspectors to make quick decisions are of

particular value. In terms of analytical instrumentation, two

examples of versatile technologies that have been successfully

miniaturised are MS(48,49) and Raman spectroscopy(50–54).

Both of these are powerful methods for analysing mixtures

and have great potential for the food industry. Genomic tech-

nologies are also advancing at a rapid pace and will certainly

lead to new field tests, as well as field-sampling procedures

to be accompanied by laboratory analysis. In many cases,

development of field-deployable devices and tests has been

driven by law enforcement, defence and security needs(55).

Some of the products on the market can be used directly
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or adapted for food safety, but purpose-specific products will

also be needed. Cooperation between technology developers,

device manufacturers, food manufacturers and government

will be required to accelerate the deployment of new tools

for food safety.

All told, widely dispersed, inexpensive and easy-to-use

technologies can be powerful tools for advancing pet food

safety. Their proliferation can thus be of great benefit, but it

also presents big challenges: how to stay current on a large,

rapidly growing set of technologies; how to perform cost–

benefit analyses quickly and effectively; how to manage a

swelling body of data and extract useful information from it;

how to allocate scarce resources in selecting the technologies

to adopt.

In summary, recent events have demonstrated that pet

foods can be the vehicle for hazards that can adversely

affect pets and their owners. Thus, pet food safety is an emer-

ging concern of high interest to consumers. The pet food

industry is rapidly responding by mobilising enhanced man-

agement systems and calling on the scientific community to

find an effective means to mitigating risks. Such an effort is

critical to maintaining consumer confidence in a class of

products that has contributed profoundly to the health and

well-being of our companion animals.
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