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Abstract

Mycotoxin contamination in pet food poses a serious health threat to pets, causing an emotional and economical concern to the pet owners.
Aflatoxins, ochratoxins, trichothecenes, zearalenone, fumonisins and fusaric acid have been found in the ingredients and final products of pet
food, resulting in both acute toxicity and chronic health problems in pets. Toxicological interaction among mycotoxins as a natural mixture further
complicates the issue. The concepts of “risk assessment”, using hazard identification, dose–response assessment, no observable adverse effect
level (NOAEL), and lowest observed adverse effect level (LOAEL), should be applied to assess the risk and safety of mycotoxins in pet food,
thereby instilling public confidence in the pet food industry.
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1. Introduction

Mycotoxin contamination in pet food poses a serious health
threat to pets. Cereal grains and nuts are used as ingredients in
commercial pet food for companion animals such as cats, dogs,
birds, fish, reptiles and rodents. Cereal by-products may be
diverted to animal feed even though they can contain mycotoxins
at concentrations greater than raw cereals due to processing
(Moss, 1996; Brera et al., 2006). Several mycotoxin outbreaks in
commercial pet food have been reported in the past few years
(Garland and Reagor, 2001; Stenske et al., 2006). Most outbreaks
of pet mycotoxicosis, however, remain unpublished and may
involve the death of hundreds of animals (MSNBC News
Services, 2006).

The term “companion animal” implies the existence of a strong
human–animal bond between pets and their owners (Adams et al.,
2004). A pet is often regarded as a family member by its owner
and a person may develop strong relationships with animals
throughout his or her lifetime. Pet interactions and ownership
have been associated with both emotional and physical health
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benefits (Milani, 1996; Adams et al., 2004). The human–animal
bond has resulted in over sixty four million American households
in owning one ormore pets, thereby creating a hugemarket for the
pet food industry (APPMA, 2006). Dogs and cats continue to be
the most popular pet to own, found in at least one out of three US
households. The health problems of pets, are therefore more of an
emotional concern as compared to a mainly financial concern in
farm animals (Dunn et al., 2005; Milani, 1996).

2. Surveys of mycotoxins in pet food and outbreaks of
mycotoxicoses in pets

There have been several published mycotoxin surveys of
commercial pet foods (Table 1). Aflatoxins, ochratoxins, tricho-
thecenes, zearalenone and fumonisins were detected in food for
dogs, cats, birds, rodents, fish and horses with different pre-
valences across regions. Wild bird seed, for instance, has been
found to be most contaminated among different pet food products
(Henke et al., 2001).

There has been a recent review of individual cases involving
mycotoxins in pets (Leung et al., 2006). Aflatoxins have been the
most common cause of acute mycotoxin outbreaks in commercial
dog food (Table 2). Corn is the usual source of aflatoxins in these
cases.An ochratoxicosis outbreakwas also reported inKoreawith
3 known deaths. These available reports of acute mycotoxicosis,
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Table 1
Some published mycotoxin surveys of commercial pet food

Location Pet food surveyed Mycotoxins detected Reference

United
Kingdom

100 pet food samples Mycotoxins were detected in 16% of the samples, including 7 of 30 bird foods tested Scudamore et al.
(1997)– 35 dry dog foods – Aflatoxin B1: 2 samples with 2.1 and 370 μg/kg, respectively

– 35 dry dog cat foods – Ochratoxin A: 10% of the samples; 1–7 μg/kg
– 15 domestic bird foods – Fumonisins B1: 30% of the samples; 90–690 μg/kg
–15 wild bird foods

Brazil 100 pet food samples – Aflatoxins were found in 6.7%, 4.0%, and 26.7 % of the dog, cat and bird food samples Maia et al. (2002)
–45 dog foods – Aflatoxin B1 level of 19, 16 and 110 μg/kg, respectively.
–25 cat foods
–30 bird foods

Portugal 60 dry pet food samples Mycotoxins were only detected in dog food Martins et al.
(2003)– 20 dog foods – Aflatoxins: not detected

– 20 cat foods – Ochratoxin A: 5 samples, 2.0–3.6 μg/kg
– 20 domestic bird foods – Fumonisin B1: 3 samples 12.0–24.0 μg/kg

– Deoxynivalenol: 3 samples, 100.0–130.0 μg/kg
United
States

142 wild bird seed
samples

– Aflatoxin concentrations ranged from 0 to 2780 μg/kg. Henke et al. (2001)
– 17% of the samples had aflatoxin concentrations greater than 100 μg/kg

Brazil 123 pet food samples All samples contained one or more analyzed mycotoxin aflatoxins, ochratoxin,
fumonisins, or zearalenone

Scussel et al.
(2006)

– 46 dog – 6 (4.9%) and 19 (15.5%) of the samples had more than 50 μg/kg of aflatoxins and
zearalenone respectively.– 19 cat

– 6 hamster
– 26 horse
– 3 bird
– 3 rabbit
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however, cannot provide the whole picture of the mycotoxin
problem associated with pet foods since only a small number of
food poisoning cases are published. Veterinarians, furthermore,
often overlooked mycotoxins as the cause of chronic diseases
such as liver and kidney fibrosis, infections resulting from im-
munosuppression and cancer. These findings suggest that myco-
toxin contamination in pet food poses a serious health threat to pet
species.

3. Effects of mycotoxins on pet species

3.1. Aflatoxins

Aflatoxins are commonly found in corn, peanuts, cottonseed,
milk, and tree nuts (Haschek et al., 2002). Aflatoxins B1, B2, G1

and G2 are four naturally-occurring forms of aflatoxins, with
aflatoxin B1 being the most potent, prevalent and carcinogenic
(Puschner, 2002; IARC, 1993). After ingestion, aflatoxins are
Table 2
Some major mycotoxin outbreaks in pet animals

Year Location Scale Diet

1951 Southeastern United
States

71 food poisoning
cases of dogs (with several dead)

A brand of commer

1987 Pretoria, South
Africa

10 dogs dead with 1 acute, 7 sub-
acute and 2 chronic cases

A brand of contami

1998 United States 55 dogs dead with both acute and
chronic cases

17 different formula
uniformly contamin

2005 United States At least 100 dogs dead 19 different formula
milling plant in Sou

2006 Korea 3 dogs dead with renal failure Fungal nephrotoxin
absorbed and carried to the liver via the circulatory system.
They are then converted by the liver into toxic reactive epoxides
which bind covalently to intracellular macromolecules such as
DNA, RNA and protein enzymes, resulting in damage to liver
cells (Cullen and Newberne, 1994). The primary clinical effects
in aflatoxicosis are related to hepatic damage in all species
studied. In acute aflatoxicosis, dogs exposed to N0.5–1 mg
aflatoxin/kg body weight (BW) typically die within days,
showing enlarged livers, disseminated intravascular coagulation
and internal hemorrhaging (Bohn and Razzai–Fazeli, 2005).
Sub-acute aflatoxicosis (0.5–1 mg aflatoxin/kg pet food) is
characterized by anorexia, lethargy, jaundice, intravascular coa-
gulation and death in 2–3 weeks. Similar hepatotoxic effects
can also be produced by chronic aflatoxin exposure with 0.05–
0.3 mg aflatoxin/kg pet food over 6–8 weeks.

In addition to their hepatotoxic properties, aflatoxins are also
carcinogenic. The binding of DNA causes genotoxicity and
mutation in cells. The chronic carcinogenic dose of aflatoxins is
Reference

cial dog food suspected to be made with contaminated corn Bailey et al.
(1959)

nated commercial dog food Bastianello
et al. (1987)

tions of commercial dog food made with two rail cars of non-
ated corn in a milling plant in Texas in late-summer

Garland and
Reagor (2001)

tions of commercial dog food made with contaminated corn in a
th Carolina in summer

Stenske
et al. (2006)

s in the diet, possibility ochratoxin and citrinin Jeong et al.
(2006)
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much lower than the acute dose. Newberne and Wogan (1968)
have experimentally induced malignant tumors in rats with a
continual exposure of b1 mg aflatoxin B1/kg feed. Since
aflatoxins are both acute and chronic hepatotoxins and carcino-
gens, the actual number of dogs affected by aflatoxins would be
far more than the total number reported in acute poisoning cases.

3.2. Ochratoxins

Ochratoxins are a group of potent renal mycotoxins that
widely contaminate the agricultural commodities, such as corn,
wheat, oats and dried beans, in temperate regions. There are
four ochratoxin homologues — A, B, C and D. Ochratoxin A
(OTA) is the most prevalent and, together with ochratoxin C,
most toxic. Initial symptoms of ochratoxicosis observed in all
species include anorexia, polydipsia, polyuria and dehydration,
and are associated with renal damage.

Upon absorption, ochratoxins enter the circulatory system,
bind tightly to serum proteins and accumulate in the kidneys,
where they disrupt protein synthesis and other pathways in
proximal tubular cells. This results in the degeneration of the
proximal tubules and interstitial fibroses (Krogh, 1992). OTA is
also known to bind with DNA molecules and induce renal
tumors in animal models, although its carcinogenic mechanism
remains controversial (Faucet et al., 2004; Mally et al., 2004).

Dogs show a high susceptibility to OTA, for example, a daily
dose of 0.2 mg OTA/kg BW for 2 weeks or a single dose of
7.8 mg OTA/kg BW was fatal to young beagle dogs (Szczech
et al., 1973). Clinical symptoms of the OTA poisoning included
anorexia, weight loss, vomiting, tenesmus, bloody diarrhea,
increased body temperature, tonsillitis, dehydration, and
prostration. These findings were confirmed by a later study in
which dogs showed similar symptoms at OTA doses between
0.2 and 3.0 mg/kg BW (Kitchen et al., 1977).

3.3. Trichothecenes

Trichothecenes are a family of Fusarium mycotoxins
commonly found in corn, wheat, barley, as well as oats worldwide
(Haschek et al., 2002). Over 150 trichothecenes have been
identified to date, including deoxynivalenol (DON), nivalenol,
diacetoxyscirpenol (DAS) and T-2 toxin (Pittet, 1998). Although
not as toxic as DAS and T-2 toxin, DON is the most important and
widespread trichothecene in cereal grains and animal feedstuffs,
causing major economic loss in animal industries (Rotter et al.,
1996). Trichothecenes are potent irritants and inhibitors of protein
and DNA synthesis which interferes with cellular metabolic
activities, ultimately leading to cell death. Rapidly dividing cells
are particularly sensitive with the gastrointestinal and immune
systems primarily affected in exposed animals. Typical clinical
signs of trichothecene toxicosis include loss of appetite, vomiting,
diarrhea, gastrointestinal hemorrhage, ataxia, and immune sup-
pression (Smith, 1992).

The influence of trichothecenes on feed intake has been
widely studied in a number of animals, including dogs. Hughes
et al. (1999) investigated the feed refusal effect of DON on
Brittany and Beagle dogs and cats in a two-week clinical feeding
trial. It was estimated that 4.5 mg DON/kg pet food produced a
significant decrease in feed intake, while vomiting was observed
with the exposure of 8 mg DON/kg pet food. Cats were slightly
more resistant than dogs. In a recent study, Leung et al. (in press)
showed that the exposure of 3 mg DON/kg pet food caused
significant weight loss and feed intake reduction in Beagle dogs.
The study by Hughes et al. (1999) also showed that the dogs
previously exposed to DONwere able to preferentially select the
uncontaminated diet.

Feed refusal and vomiting, the most notable behavioral effects
of trichothecenes, are possibly related to their influences on brain
regional neurochemistry and feed intake regulation. There is strong
evidence that serotonergic and α2-noradrenergic systems interact
antagonistically through medial hypothalamic satiety mechanisms
(Leibowitz and Shor-Posner, 1986). In a recent comparative study
(Swamy et al., 2004), swine fed with trichothecene-contaminated
grains showed a decrease in norepinephrine concentration and
increases in serotonergic neurotransmitter concentrations, possibly
affecting the antagonistic interaction between these two systems on
feed intake. On the other hand, broiler chickens showed increases
in both norepinephrine and serotonin concentrations and the
antagonistic interaction between the two systems was therefore
maintained. This comparison accounts for the species differences
in Fusariummycotoxin susceptibility. Similar mechanistic studies
have not been performed in pet species.

The effects of trichothecenes are especially obvious in rapidly
dividing cells of the intestinal mucosa and bone marrow. A
single oral administration of T-2 toxin was sufficient to induce
cell death in the intestinal crypt epithelium at a dose of 2.5 mg T-
2/kg BW. A dose of 25 mg/kg BW caused extensive damage to
intestinal villi (Li et al., 1997; Haschek et al., 2002). In another
study, Coppock et al. (1989) administrated an intravenous dose
of 0.5 mg DAS/kg BW to dogs and examined their hematolog-
ical changes in the following 8 hours. Damage to bone marrow
haematopoietic elements and an increase in deformed blood cells
were observed. The vulnerability of gastrointestinal and immune
systems to trichothecene toxicity accounts for the symptoms of
gastrointestinal distress, bloody diarrhea and immune suppres-
sion in trichothecene poisoning.

3.4. Zearalenone

Zearalenone is an estrogenic Fusarium mycotoxin found in
various cereal crops, most frequently in corn (Cheeke, 1998),
causing hyperestrogenism and reproductive problems in all
animal species, especially pigs (Bohn and Razzai–Fazeli, 2005).
Low doses of zearalenone (∼1mg/kg feed) may cause infertility,
affecting ovulation, conception, implantation, fetal develop-
ment, and the newborn's viability (Schweighardt, 1980; Price
et al., 1993). Zearalenone has structural similarities to estrogen.
It can bind to cytosolic estrogen receptors in target cells (Riley
and Norred, 1996). The resultant receptor–zearalenone complex
activates the transcription of estrogen-responsive genes, causing
the translation of new proteins and expressing estrogenic effects
upon the target cells. Most clinical signs of zearalenone poison-
ing are related to the hyperstimulation of estrogen-dependent
tissues.
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Both male and female dogs are affected by zearalenone
toxicity. Hidy et al. (1977) gavaged dogs with 5 mg zearalenone/
kg BW/day for 13 weeks. Reduced number of corpora lutea and
arrested spermatogenesis were observed in female and male dogs,
respectively. Although the dose used by Hidy et al. (1977) was
much higher than normal dietary exposure, some recent studies
suggested that low levels of zearalenone exposure can also pro-
duce significant toxic effects. Female dogs fed 200 μg zear-
alenone/kg BW/day for 7 days showed cell damage in ovaries;
and edema and hyperplasia in oviducts and the uterus (Gajecka
et al., 2004a). Dogs also demonstrated a reduction in serum
antibodies and white blood cell levels after a 50-day dietary
exposure to 25 and 50 μg zearalenone/kg BW/day (Gajecka et al.,
2004b). Uterine edema and hyperplasia leads to pyometra, an
infection of the uterus, a disease common in female dogs.

3.5. Fumonisins

Fumonisins are found in corn throughout the world with more
than 15 homologues isolated, including fumonisin B1, B2, B3, B4,
A1 andA2 (Rheeder et al., 1992; Haschek et al., 2002; Scott, 1993).
Fumonisins B1, B2 and B3 (FB1, FB2 and FB3) are the most
prevalent members and FB1 represents up to 70% of food-borne
fumonisins. Fumonisins are poorly absorbed from the gut and can
be inactivated by the gut microflora resulting in large species
differences in susceptibility. Once they enter the blood circulation,
fumonisins damage numerous organs in all species studied. These
mycotoxins are structurally similar to sphingoid bases, inhibiting
the activity of ceramide synthase to produce sphingolipids. The
disruption of sphingolipid synthesis and metabolism in cells se-
quentially causes cell damage, apoptosis, necrosis and compen-
satory hyperplasia (Haschek et al., 2002; Wang et al., 1991). Since
fumonisins also inhibit the function ofL-type calcium channels, the
cardiovascular system is also disturbed.While the liver and kidney
are highly susceptible organs to acute fumonisin toxicity, the
immune system is mainly affected in chronic fumonisin exposure.

The clinical effects of fumonisins vary between animal species
but most toxicology investigations are done on species other than
pets. Voss et al. (1998) reported an increased rate of hepatic and
renal lesions in rats after a three-week dietary exposure to 32–
49mg FB1/kg feed. The oral exposure of 1.75mg FB1/kgBW/day
was found lethal in rabbits, resulting in renal and hepatic toxicity,
leukoencephalomalacia, and cerebral hemorrhage (Bucci et al.,
1996). Horses develop leukoencephalomalacia with a minimal
dose of 5 mg FB1/kg feed (Haschek et al., 2002). In a sublethal
fumonisin poisoning study, pigs fed 20mgFB1/kgBWover 7 days
showed the inhibition of pulmonary intravascular macrophage
(Smith et al., 1996). In poultry, a relatively mycotoxin-resistant
species, a 21-day dietary exposure of 200 mg FB1/kg feed was
found to reduce feed intake, weight gain as well as the relative
weights of the liver, kidney, pancreas and proventriculus in new-
borne ducklings (Bermudez et al., 1995).

3.6. Fusaric acid

Fusaric acid is a potent inhibitor of dopamine-β-hydroxylase,
suppressing norepinephrine synthesis in the brain. In addition to
the hypotensive and vomiting effects, fusaric acid also increases
brain serotonin concentrations in a manner similar to other Fu-
sarium mycotoxins, such as DON and T-2 toxin, and therefore
this mycotoxin interaction increases overall toxicity of natural
mixtures of these mycotoxins. Since fusaric acid is widely
produced by Fusarium fungi, it is possibly the most common
Fusarium mycotoxin found in animal feedstuffs (Bacon et al.,
1996).

The overt toxicity, immunotoxicity and hypotensive effects of
fusaric acid on dogs were demonstrated by some early clinical
feeding trials. A series of experiments were conducted by
Matsuzaki et al. (1976a,b) who fed young Beagle dogs 50 mg
fusaric acid calcium salt (FA-Ca)/kgBWfor 30 days and 6months,
respectively. Low appetite, vomiting, suppressed weight gain and
hypotension were observed. A six-month exposure of 100mg FA-
Ca/kg BW was lethal to the Beagles, causing significant
hypotension and gastrointestinal, hepatic and pneumonic bleeding.
Daily doses of 20 mg FA-Ca/kg BW had, however, no effect in
general to the Beagles despite a six-month dietary exposure.

4. Multiple simultaneous mycotoxin exposure

Multiple mycotoxin exposure is common in the natural
situation. There are four categories describing possiblemycotoxin
interactions (Eaton and Klaassen, 2001).

(1) Additivism — the combined effects of the mycotoxins is
equal to the sum of each of the mycotoxins given alone.

(2) Synergism — the combined effects of the mycotoxins are
much greater than the sum of the effects of eachmycotoxin
alone.

(3) Potentiation — one mycotoxin has no toxic effect on an
organ but when added to another mycotoxin makes that
mycotoxin much more toxic.

(4) Antagonism — two mycotoxins administered together
interfere with each other's actions reducing the toxic effect.

Chemical interactions occur due to alterations in absorption,
protein binding, biotransformation, and excretion. Mycotoxins
that have a common site of action present the greatest opportunity
for a cumulative toxic effect. A toxicological potentiation bet-
ween DON and fusaric acid, for instance, has been demonstrated
in 8 kg piglets where DON toxicity was augmented when fusaric
acidwas added in diet (Smith et al., 1997). In another study, it was
found that chickens fed combinations of DON and T-2 toxin from
hatching to three weeks had significantly reduced body weight
gain (Kubena et al., 1990). This variable was not reduced,
however, when either DON or T-2 toxin were fed singly, thereby
suggesting a synergistic interaction. The toxicity of a particular
mycotoxin, therefore, depends on not only its own concentration
but also the presence of other mycotoxins.

5. Determination of risk and safety

“Risk assessment” is the systematic scientific characterization
of potential adverse effects resulting from exposure to hazardous
agents (NRC, 1993; Faustman and Omenn, 2001). Risk is the
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probability that a substance will produce a toxic effect. Risk
involves two components: toxicity and exposure. Thus mycotox-
ins of relatively low toxicitymay pose significant risks if exposure
is great, frequent, and long. Conversely, mycotoxins of high
toxicity, such as aflatoxins, may pose virtually no risk if exposure
can be substantially reduced. “Exposure assessment” determines
what type, levels, and duration of exposures are expected. Al-
though the exposure of pet animals to mycotoxins in grain-based
pet food is generally low, it is unavoidable and occurs throughout
the entire lifespan of the animal.

The toxicity of a substance is dependent on its chemical,
physical and biological properties. Often referred to as “hazard”,
toxicity is an inherent property of the compound and the animal
being exposed (Faustman and Omenn, 2001). The objectives of
classical mammalian toxicity studies developed for risk assess-
ment are as follows:

(1) Hazard identification — determine the kinds of adverse
effects

(2) Dose–response assessment — determine the potency or
sensitivity of effects

(3) No observable adverse effect level (NOAEL) and lowest
observed adverse effect level (LOAEL).

Toxicological information onmycotoxins is important because
it allows us to judge the relative risk thatmay result from exposure
to these toxic substances. Today's short-term repeat dose toxicity
testing is used to derive symptoms as the main objective with
mortality as a secondary objective (Paine andMarrs, 2000). From
this data, LD50 can be calculated as an indicator of acute response
but LD50 alone gives little information on chronic response. Sub-
chronic toxicity studies of 90 day exposures are used to determine
the chemical dose an animal can consume daily without any
demonstrable effect (NOAEL), and to characterize the effects of
the chemical when administered at doses above the NOAEL.
Chronic toxicity studies measure the effect of doses below the
NOAEL on the normal life span of the animal. Chronic studies are
often used to determine if the substance causes “delayed” effects
on reproduction, development or cancer. One dose in chronic
studies should cause subtle signs of toxicity such as reduced
Fig. 1. Illustration of the calculation of the NOAE
weight gain or a minor physiological response. This dose is
defined as the “lowest adverse effect level” (LOAEL). These
classical toxicity studies using dosages in both effects and no
effect range are designed to derive data to be applied to risk
determination.

Toxicity testing has made great strides, ever increasing our
ability to detect sensitive toxic endpoints. Routine haematology,
blood biochemistry, histology, and cytology are being supple-
mented by sophisticated diagnostic equipment including ultra-
sound imaging, magnetic resonance imaging (MRI), and electron
microscopy. New technologies are extremely sensitive at detecting
effects at sub-clinical dosages. Molecular techniques (e.g. DNA
Microarray) detect alterations at the molecular level and help
elucidate modes of action. Toxic endpoints should, however, have
a level of clinical significance. What should be the most sensitive
toxicological parameter may soon have to be answered.

Mostmycotoxin research has been designed to investigate toxic
effects and therefore dosages used are in the toxic range. In such
experiments the lowest experimental dose causing a toxic effect
may be far greater than the threshold of the adverse effect and
therefore overestimates the true LOAEL (Fig. 1). Furthermore, if
an experimental dose falls into the no-effect range, it may be far
below the threshold dose and therefore greatly underestimates the
trueNOAEL. These factors introduce variability and uncertainty in
the estimation of NOAEL and LOAEL (USEPA, 1995).

As for all risk assessments, pet health risk assessment requires
data on toxicity and exposure. Pet species are seldom used for
toxicity studies and therefore data obtained from other species
are used in the risk assessment for pets. This results in a level of
uncertainty when extrapolating toxicity data from experimental
animals to pet species (Faustman and Omenn, 2001).

The process of human health risk assessment (Covello and
Merkhofer, 1993) can be applied to the risk determination in
animals. In order to estimate the risk associated with mycotoxin
exposure, we need to determine the dose a pet can consume in the
food on a daily basis for their entire life with no adverse effect (i.e.
NOAEL). This level can then be divided by an appropriate safety
factor. Safety Factors (SF) (i.e. uncertainty factors) are numerical
values applied to the NOAEL or other effect levels to account for
any uncertainty in the data. The quotient derived is referred to as
L and LOAEL using a dose–response curve.
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the acceptable daily intake or ADI. A pet ADI could be deter-
mined as follows:

ADIðmg mycotoxin=kg BWÞ pet specific ¼ NOAELRodent

SF10
:

Uncertainty includes species extrapolation, the nature and
severity of effect, differences in pet breeds, and variability in
LOAEL estimation. SF's could be adjusted according to
epidemiological data on pets. Human SF numbers are often
selected as a factor of 10, 100, or 1000 (Table 3) and set by the
World Health Organization/Food and Agriculture Organization
(WHO/FAO). Pet food SF's could be set by the pet food
industry to apply standard safety guidelines.

This process of combining the qualitative and quantitative
aspects of toxicity and exposure to derive a quantitative level of
risk is called “risk characterization” (Faustman and Omenn,
2001). To complete the process a safe pet dietary level (SPDL)
can be determined using a pet specific food factor (FF). An
example calculation is given for aflatoxin:

LOAELDog 1.2 μg/kg BW (hepatotoxicity) SF: 10
(severity of effect)

Food factor 20 g/kg BW
Average BW 10 kg BW

SPDL ¼ 1:2 Ag=kgBW� 10 kgBW
10� ð20 g=kg BW� 10 kg BWÞ

¼ 6 Ag aflatoxin=kg pet food:

The food factor is the amount of food consumed daily and
accounts for the differences in the quantity of food consumed by
different animal species. A safe pet dietary level would be
equivalent to the human maximal permissible (tolerance) level
in foods (MPL).

Risk management refers to the process by which policy
actions are chosen to control hazards identified in the risk
assessment/risk characterization processes (Faustman and
Omenn, 2001; Covello and Merkhofer, 1993). Calculation of
SPDL would provide producers with a pet specific maximal
permissible (tolerance) level of mycotoxin in food. Managers
would consider scientific evidence and risk estimates along with
processing, engineering, economic, social and political factors
Table 3
US EPA 1995 guidelines for Safety Factors (SF) in assessing chemical risks in
humans and possible values for pets

From To Human SF Pet SF

Average Sensitive individual =10 5
Research animal Human or Pet =10 10
LOAEL NOAEL =10 5
Sub-chronic Chronic =10 5
LD50 NOEL 1000
Data Base ⁎ 0–10 0–5

⁎ Uncertainties include data inadequacies, inconsistent finding across species,
multiple variable health effects, reversibility of effects, and mechanism of effects
across species.
in evaluating alternative options. This comprehensive approach
would instil public confidence in the pet food industry.

6. Regulatory issues and preventative strategies

Considering that the intrinsic toxicological properties of a
chemical cannot be altered, regulatory agencies consider exposure
mitigation the only meaningful opportunity for risk reduction
(NRC, 1993). Government regulations of mycotoxin contamina-
tion, however, are often compromised by the analytical detection
limits, regional prevalence, as well as trade relationships amongst
different countries instead of fulfilling the scientific approach of
risk assessment and safety determination (Leung et al., 2006).
Scientifically based regulations for the acceptable limit of
mycotoxins in pet food would be beneficial. Strict regulations,
however, would create greater competition with the human food
chain resulting in increased pet food costs and decreased industry
profits. It is also possible that the avoidance of severe regulations
will promote mycotoxin outbreaks.

Pet food amelioration is often considered a practical solution
for mycotoxin contamination. Food processing techniques such
as sieving, washing, pearling, ozonation, and acid-based mold
inhibition can reduce the mycotoxin content of cereal grains
(Leung et al., 2006). Dietary supplementation with large neutral
amino acids, antioxidants, and omega-3 polyunsaturated fatty
acids as well as inclusion of mycotoxin-sequestering agents and
detoxifying microbes may ameliorate the harmful effects of
mycotoxins in contaminated pet food. Amelioration of pet food,
however, should be used as an additional safety factor but not to
replace the sound application of risk and safety determination.

The public has recently begun a shift to organic pet foods. The
public perception is that organic foods are safer due to the lack of
pesticide residues. In the case of mycotoxins, however, the
avoidance of insecticides and fungicides may result in increased
crop pest damage, fungal growth and mycotoxin production.

7. Conclusion

Mycotoxin contamination in pet food poses a serious health
threat to pets. The health problems of pets are of a highly
emotional concern and pet food safety is the responsibility of the
pet food industry. Risk and safety determination is needed and
must address many issues including sensitivity of toxic endpoints,
multiple mycotoxin exposure, and pet food amelioration. More
pet specific research is needed to better address the pet mycotoxin
problem.
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