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ABSTRACT 

 

A Survey of Mycotoxin Contamination in Commercial Cat Foods and the Sensitivity of the 

Growing Feline (Felis catus) to Fusarium Mycotoxicoses 

Maureen. E. Crump                                                                                      Advisor 

University of Guelph, 2014       Dr. Trevor. K. Smith 

 

 

This research was conducted to examine the frequency of mycotoxin contamination in 

commercial cat foods and to examine the sensitivity of growing cats to feeds naturally 

contaminated with Fusarium mycotoxins. Seventy samples of dry commercially produced cat 

foods were tested for mycotoxins as well as conjugated (masked) deoxynivalenol (DON).  Based 

on the results of this survey, it was concluded that commercially available cat foods are 

frequently contaminated with mycotoxins. An in vivo study was conducted with eight kittens 

(four per diet) fed one of two extruded diets for 21 days including a minimally contaminated 

control diet and a diet containing grains naturally contaminated with Fusarium mycotoxins. It 

was concluded that the feeding of diets naturally contaminated with Fusarium mycotoxins 

adversely affected the growth and development of kittens.
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CHAPTER 1 

LITERATURE REVIEW 

1.01 Mycotoxins 

Mycotoxins are secondary metabolites of fungi that may contaminate animal feedstuffs 

and human foodstuffs pre- and post-harvest (Oswald et al., 2003). Globally Aspergillus, 

Fusarium and Pencillium are the three most significant toxigenic fungal species in   human and 

animal health (Moss 1996).  Fungal growth in plant species including crops such as: corn, wheat, 

barley, oats is dependent on moisture content and temperature. A major issue is lack of control 

over pre-harvest climate as excessive or insufficient rainfall can promote the growth of 

mycotoxigenic fungi (Santin 2005). Extreme weather conditions are increasingly common 

globally and, therefore, it is not surprising that feedstuffs are contaminated (Stanek et al., 2012).  

Once the plant has been colonized by fungi, the risk for mycotoxin formation increases and this 

challenge can persist within the plants products well after harvest. It is essential, therefore, for 

feed manufacturers to store plant based materials in a cool and dry environment prior to feed 

production in order to limit harmful mold growth. 

1.1.1  Aspergillus mycotoxins 

The most significant mycotoxins produced by Aspergillus species include aflatoxin B1 , B2,  

G1 and G2 . Aflatoxins are produced mainly by A. flavus, A. parasiticus and A. nominus and are 

very potent hepatocarcinogens in humans and animals (Santin 2005). Aflatoxins are produced at 

temperatures ranging from 12
o
C to 40 

o 
C (Koehler et al., 1985). Aflatoxicosis is characterized 

by anorexia, depression and sudden death in acute cases (Leung  et al., 2006). 

Other significant Aspergillus mycotoxins include ochratoxin A, sterigmatocystin and 

cyclopiazonic acid (Santin 2005). Popiel et al., (2004), fed a commercial diet contaminated with 
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Aspergillus flavus and Asperigillus fumigatus molds with an average concentration of about 265 

µg x kg to eight, 7-9 week old kittens. The diet was not consumed well by the test animals within 

the study, which led to a decrease in body weight.  Several animals experienced gastrointestinal 

tract disorders, such as catarrhal enteritis causing diarrhea resulting in 37.5% mortality.  Post-

mortem autopsy identified liver and kidney degeneration, intestinal swelling and pulmonary 

edema.  Concentrations of other feed-borne mycotoxins were not reported. 

1.1.2 Penicillium mycotoxins 

Penicillium fungi can produce at least 27 different mycotoxins, the three most important 

being: ochratoxin, patulin and citrinin (Pitt and Leister 1991). Ochratoxin A is a potent 

nephrotoxin, teratogen and carcinogen. It is produced by A.ochraceus, but also by some 

Penicillium species (Santin 2005). Patulin is a mycotoxin that is synthesized by a number of 

fungi, the most significant of which is Penicillium expansum, a fungus that primarily affects 

pome fruits such as apples and pears (Castoria et al., 2011). This can lead to the contamination of 

pome fruit derived juices and other foods which are commonly consumed by children (Castoria 

et al., 2011; Moake et al., 2005), and can lead to such symptoms as gastritis and nausea (Castoria 

et al., 2011; Moake et al., 2005). Citrinin is a nephrotoxin which is primarily produced by 

Penicillium and Aspergillus fungi (Singh et al., 2014; Heperkan et al., 2009; Bragular et al., 

2008) and is a concern in a variety of agriculture commodities as it attacks the kidneys of those 

who consume the toxin (Wang et al., 2005). No research has been performed identifying the 

effects consumption of Penicillium mycotoxins have on the domestic cat. 

1.1.3 Fusarium mycotoxins 

Fusaria are the most economically significant fungi globally. These fungi are most 

prevalent in pre-harvest crops and can produce a wide variety of mycotoxins, the most important 
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of which are the following: deoxynivalenol (DON, vomitoxin), fumonisins, zeralenone, T-2 

toxin, and fusaric acid (FA) (D’Mello and Macdonald 1997). 

1.1.3.1 Trichothecenes (TCT) 

The TCT are a family of over 180 structurally-related compounds (Riley and Pestka 

2005). Some of the more prominent members of the TCT family are T-2 toxin and DON.  

Symptomologies of TCT mycotoxicoses include: vomiting, anorexia, gastrointestinal tract 

irritation and immunosuppression (Leung et al., 2007; Haschek et al., 2002).These effects may 

be partially due to the inhibition of ribosomal aggregation caused by the binding of TCT to the 

60S ribosomal subunit and the subsequent blocking of mRNA translation (Stanek et al., 2012; 

Ehrlich and Daigle 1987). This causes a decrease in protein synthesis and cell proliferation. 

Rotter et al., (1996) suggested that the interruption of protein synthesis by the TCT results in the 

degeneration of tissues with high cell turnovers such as immune cells, liver, and epithelial cells. 

1.1.3.1.1 Deoxynivalenol (DON) 

Deoxynivalenol is a secondary metabolite synthesized by the plant pathogens Fusarium 

graminearum and Fusarium culmorum.  Like other mycotoxins, the prevalence of DON is 

dependent on climatic conditions including rainfall and temperature.  Infection of cereal crops 

with DON is common in North America (Stanek et al., 2012). The symptoms of feed rejection 

and vomiting have resulted in the common name “vomitoxin” (Placinta et al.,1999).   

 Leung et al., (2007) conducted a study with 12 mature female beagle dogs that 

determined the effects of feeding a minimally-contaminated control, contaminated (4.4mg DON/ 

kg feed), and contaminated plus GMP (glucomannon polymer) diets.  Contaminated diets 

included corn and wheat that were naturally-contaminated with Fusarium mycotoxins.  
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This study was based on a Latin square design where each dog was exposed to each of the 

three diets for 14 days followed by a 7 day recovery period were the minimally 

contaminatedcontrol diet was fed. Significant weight loss (5%) was seen in dogs fed 

contaminated diets without GMP and feed intake decreased by 35% compared to control 

animals. There was additionally an improvement in digestibility with dogs fed the contaminated 

diet + GMP compared to controls. This was not seen with the animals fed a contaminated diet 

without GMP. This could be due to the decreased feed intake experienced by these animals 

during the course of the study.  The hypertensic effect in response to decreased feed intake has 

been seen before in rats (El Fazaa et al., 1999: Leung et al., 2007), but has not been recorded 

dogs prior to this study.  

Heavily developed olfactory senses in pigs and dogs may contribute to their rapid response to 

diets contaminated with Fusarium mycotoxins. This response could also be caused by the 

neurochemically-mediated appetite suppression in response to DON as described by Swamy 

(2002). Cats have adapted from being strict carnivores in evolution, so it has been thought that 

through this development they have neglected to develop the detection machinery required to 

identify and respond to plant defence mechanisms such as mycotoxins. This concept was 

presented and discussed by Dr. Fink-Gremmels at the ESVCN conference September 2014. 

1.1.3.1.2 T-2 Toxin 

Sato et al., (1975) observed the effects of pure T-2 toxin (1.0 mg/kg body weight) on 

adult cats when injected sub-cutaneously once a week for five weeks in conjunction with a daily 

oral dose (15 mg / animal given for 17 days). Vomiting followed injection and diarrhea, anorexia 

and ataxia in the hind legs were observed after the oral dose.  The levels of white and red blood 

cells, hemoglobin, and hematocrit were all observed to be lower in the experimental groups 
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compared to those of the control group. Two cats dosed with T-2 toxin exhibited nausea and 

vomiting within an hour of injection and both died within 20 hours. It was observed upon 

autopsy that there was severe necrosis on the mucosa of both the small and large intestine, 

degeneration of the renal tubules and damage to the bone marrow. 

Lutsky and Mor (1981) studied alimentary toxic aleukia (ATA), a human mycotoxicosis 

caused by high levels of T-2 toxin in contaminated grains. This disease commonly affected poor 

families in the Soviet Union and they utilized the cat as a model to evaluate the clinical 

progression of this disease. T-2 toxin was administered orally every 48 hours (0.08 mg/kg body 

weight) and within 3 weeks all exposed cats developed fatal symptoms of ATA. Some of the 

overt signs of toxicity observed included weight loss, bloody feces, weakness, leukopenia 

(decreased number of white blood cells), vomiting and hind leg ataxia. The post mortem autopsy 

findings included the following: emaciation, enlarged and hemorrhagic lymph nodes and 

intestinal mucosa, lung congestion and subcutaneous hemorrhages and bone marrow 

haemorrhages.  This is in agreement with the findings of Sato et al.,(1975). 

1.1.3.2 Zearalenone 

Popiel et al., (2004) reported that feeding 8 kittens, aged 7 – 9 weeks, diets contaminated 

with 215-300 µg zearalenone/kg increased blood urea concentrations and leukocyte counts.  

Concentrations of other mycotoxins were not reported for this particular study. Additionally, in 

other animal species zearalenone mycotoxicosis is often characterized by infertility.  Prelusky et 

al.,(1994) reported that abortions commonly occur within 48 hours after sows were exposed to 

zearalenone during their last trimester of gestation. Zearalenone has been shown to produce 

hyper-estrogenism in pigs at 1 mg/kg feed (James and Smith 1982).  
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1.1.3.3 Fumonisins 

Fumonisins are commonly found in corn and corn by-products and pose a potential health 

risk. To date, no research has been performed on identifying the effects that fumonisins 

consumption has on the domestic cat. The feeding of fumonisin at high concentrations (50-500 

mg/kg) results in species specific symptoms in other animals (Oswald et al., 2003). Sphingolipid 

metabolism can be affected in animals.  Hepatoxicity and pulmonary edema are seen in pigs 

while nephrotoxicity is seen in rats, rabbits, lambs and calves (Oswald et al., 2003). Fumonisins 

have also been implicated as a contributing factor in human esophageal cancer (Rheeder et al., 

1992). 

1.1.3.4 Fusaric Acid 

Although no information currently exists in the literature on the effects of FA on 

domestic cats it has been shown to be pharmacologically active in many mammalian species 

causing vomiting, lethargy and hypotension (Leung et al., 2007).  Fusaric acid and DON have 

been shown to synergistically elevate brain serotonin and 5-hydroxyindoleacetic acid 

concentrations, which can cause decreased feed intake (Swamy 2002; Leathwood 1987). Fusaric 

acid competes with tryptophan for binding sites on albumin in blood thereby increasing blood 

concentrations of free tryptophan that is available for uptake by the brain.  Tryptophan is a 

precursor of serotonin and an increase in brain tryptophan concentration can subsequently result 

in an increase the brain serotonin concentration (Chaoloff et al., 1986). This can lead to 

symptoms such as lethargy, loss of appetite and loss of muscle coordination (Leathwood 1987). 

This is similar to the feeling of satiety experienced by clinical anorexia nervosa patients who also 

exhibit elevated brain serotonin concentrations (Leibowitz 1990).   
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1.1.4 Conjugated (masked) mycotoxins  

Numerous examples of glucose-conjugated Fusarium mycotoxins have been reported.  

Conjugated mycotoxins complicate analysis as they are undetectable in the absence of standard 

reference compounds using conventional analytical methods (Tran and Smith 2013).  Conjugates 

are thought to be formed as a defence mechanism for the plant resulting from the ability of the 

host plant to modify the chemical structures of the mycotoxins produced by the infecting fungi 

(Berthiller et al., 2013). Similar conjugates have also been reported for ochratoxin A, patulin and 

destruxins (Berthiller et al., 2013). Conjugated mycotoxins present a risk for animals who 

consume them as they may undergo hydrolysis under the acid conditions of the stomach which 

would release free mycotoxins for potential subsequent absorption in the intestinal tract (Yegani 

et al.,  2006; Berthiller et al., 2005; Schneweis et al., 2002). The large potential number of 

conjugates combined with the lack of information on their prevalence in feedstuffs and 

foodstuffs and their toxicity relative to non-conjugated mycotoxins raise questions with respect 

to government regulations regarding acceptable levels of mycotoxins in feedstuffs and foods.  

Conjugated mycotoxins are not routinely included in standard analyses (Tran and Smith 2013) 

and it is likely that mycotoxin concentrations in feeds are currently being underestimated. 

1.2 Mycotoxin analytical technologies 

 

1.2.1 Enzyme-linked immunosorbent assay (ELISA) 

Enzyme-linked immunosorbent assay is a simple and highly sensitive method of analysis 

using immune-based biological separation capability coupled with a chemical visualization 

component to quantify mycotoxins. It is a cost-effective tool that can be used to rapidly detect 

feed-borne mycotoxins.  It has become a very popular quality assurance technology in the feed 

industry because of the low cost, rapidity and simple methodology (Turner et al., 2009; Morgan 

1989; Goryacheva et al., 2007). Commercially available mycotoxin quick test kits use a 
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competitive assay format. This technique uses either a primary antibody that is specific to the 

target molecule in question, or a conjugate of an enzyme in addition to the target antibody 

(Turner et al 2009; Morgan 1989; Stanker et al., 2008; Pestka et al., 1995). The advantage of 

these test kits is that they are relatively rapid and easy to use. The disadvantage is that they are 

single use and disposable which increases costs for bulk screenings. The other challenge with 

ELISA test kits is that they are specific for individual mycotoxins and testing for multiple 

mycotoxins requires multiple test kits (Turner et al., 2009).  

1.2.2 Chromatography 

Chromatography is a general term used to describe the chemical separation of mixtures 

into single components at the interfaces of gasses or liquids passing over a solid column (Herbert 

and Johnstone 2003). High performance liquid chromatography (HPLC), Liquid chromatography 

(LC) and gas chromatography (GC) are effective tools for the analysis of a wide range of 

compounds in raw and processed feedstuffs. Some of these harmful components are: pesticides, 

veterinarian drugs, organic pollutants and animal and plant toxins including mycotoxins (Sulyok 

et al., 2006).  HPLC and LC methodology involves separation of the mixture into different 

components using a pressurized liquid solvent containing the sample through a column filled 

with solid absorbent material.  GC was developed as a method to separate volatile mixtures into 

their component substances (Herbert and Johnstone 2003). Differences in polarity and molecular 

weight cause each component in the solvent phase to have differing affinity with the absorbent 

material causing a separation of the different components on the column.  An advantage of this 

methodology is the ability to analyze multiple mycotoxins simultaneously.  Disadvantages are 

relatively high capital and operating costs (Liao et al., 2013).   
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Mass spectrometry (MS) is sometimes coupled with GC and HPLC, in single and tandem 

format, for identifying individual components by molecular weight.  

1.3 Challenges arising from multiple mycotoxin contamination  

The challenge in confirming mycotoxicoses arising from the consumption of naturally-

contaminated feedstuffs is the presence of multiple co-contaminants.  This can result in additive 

or synergistic effects on either an acute or chronic basis.  Such effects are described below with 

definitions adapted from Boermans and  Leung (2007).  

Additivism: The combined effects of the mycotoxins are equal to the sum of each of the 

individual mycotoxins. An example of this would be the effects that T-2 toxin and ochratoxin A 

have on weaned piglets as body weights decrease more when the toxins were administered 

separately then when administered singly (Speijers and Speijers 2004) 

Synergism: The combined effects of the mycotoxins are greater than the sum of the effects of 

the individual mycotoxins. An example of this would be the negative synergistic effects that 

alflatoxin and ochratoxin A have on broiler chickens and pigs, as the combination of the damage 

these toxins cause to the liver and the kidneys of the animal is devastating (Huff et al., 1988) 

Potentiation: One mycotoxin has no toxicity, but when combined with another mycotoxin, it 

potentiates the toxicity of that mycotoxin. An example of this would be DON, as was shown in 

the study by  Vandenbroucke et al., (2011), where exposure to a low level of DON prior to an 

exposure of Salmonella Typhimurium, caused the epithelial of the intestinal lining to become 

more susceptible to damage from the bacteria. 

1.4 Prevalence of mycotoxin contamination in pet food    

The use of feedstuffs of vegetable origin such as: sweet potato, alfalfa, legumes, fruits 

and cereal grains, in commercial pet foods can increase the risk of mycotoxicoses if 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Vandenbroucke%20V%5Bauth%5D
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contaminated feedstuffs are not detected by quality control procedures (Boermans and Leung 

2007). The mycotoxins most commonly found in pet food include aflatoxin, ochratoxin and 

various Fusarium mycotoxins (Leung et al.,  2006). There are several stages at which 

contamination can occur including pre-harvest, storage and processing.  High temperature 

processing and extrusion of pet foods cannot inactivate all toxins in pet foods (Bohm et al., 

2005). Deoxynivalenol, for example, is resistant to processing as its molecular structure is 

particularly thermally and chemically stable and it is resistant to the high pressures of extrusion 

in the case of dry and semi moist feed processing and resistant to the sterilization process in the 

case of wet canned foods (Rotter et al., 1996). 

1.5 Characterization of mycotoxicoses in animals 

A ‘companion animal’ is defined as an animal that has a strong emotional bond with its 

owner which develops over time. Ownership and interaction with pets has been associated with 

mental and physical health benefits for both pets and owners (Milani 1996). Pets are long lived 

compared to food animals so it is surprising that the effects of food-borne mycotoxicosins have 

not yet been extensively studied in pets.  There is great potential for pets to suffer acute or 

chronic mycotoxin exposure over their prolonged lives. Being able to characterize 

mycotoxicoses could help to reduce harm to pets, minimize exposure and prevent mycotoxicoses 

in other animals. 

One of the few reports of the effect of feed-borne Fusarium mycotoxins in dogs and cats is 

that of Hughes et al., (1999). Metabolism and palatability studies were conducted to test the 

ability of animals to detect and digest contaminated feed. The experimental design of this study 

was confounded, making the data statistically unreliable.  Confounding factors included large 

variations in experimental animals with respect to body weight, age, breed and gender as well as 
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inadequate numbers of animals (N=1 per diet in some cases), thus resulting in inconclusive 

findings. However, it is the only study of its kind that utilized grains naturally contaminated with 

Fusarium mycotoxins in an extruded diet to study dose responses in dog and cat species in a 

range of 0-8 mg/kg of DON. Therefore this study was used as a guideline for some of the 

methodologies within the current study. 

Chronic mycotoxicoses in animals are not characterized by specific lesions and this can 

result in a high level of misdiagnosis (De Souza and Scussel 2012). Long term inhibition of 

protein synthesis, as seen with TCT in the gastrointestinal tract, can result in immunosuppression 

which increases the risk of disease from infectious organisms (Bohm et al., 2005). Acute 

ingestion of TCT can lead to symptoms such as weight loss, feed refusal, intestinal hemorrhaging 

and vomiting.  Such prolific symptoms often create a need for further case investigation with the 

help of a veterinarian or other medical professional. This assistance can lead to identification in 

the case of mycotoxicoses, with the help of analytical feed tests. When you have less prolific 

symptomologies, as in the case of chronic exposure, damage may still be occurring within the 

animal at the cellular level. However, it is much harder to identify the root cause of the affliction 

by the time symptoms appear and chances for misdiagnoses are high as a result. 

As very little information exists on the effects of feed-borne Fusarium mycotoxins on the 

domestic cat, one  must look to other more researched monogastric species  to better understand 

the potential susceptibility of cats. 

1.5.1 Effects of contaminated feed on brain neurochemistry and feeding behaviour  

Swamy (2002) conducted a study with 175 weaned Yorkshire piglets, randomly divided into 

groups of 5 per pen, and 7 pens per diet. Five diets were fed including a control, naturally-

contaminated, and naturally-contaminated + varying levels of GMP, a commercial mycotoxin 
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adsorbent. Contaminated feeds contained about 5.6 mg DON/kg compared to 0.8 mg/kg in the 

control diet.  Concentrations of FA, zearalenone and 15-acetyl DON (ADON) were similar in 

the control and the contaminated diets.  Feed refusals and alterations in brain neurochemistry 

were seen when contaminated diets were fed. Higher hypothalamic concentrations of serotonin 

(5-HT) and 5-hydroxyindoleactic acid (5-HIAA) were seen in animals fed the contaminated diet 

compared to controls. Supplementation of the contaminated diet with 0.2% GMP was shown to 

significantly decrease hypothalamic concentrations of 5-HT and 5-HIAA and significantly 

increase pons concentrations of norepinephrine (NE), 3,4-dihydroxyphenylacetic acid (DOPAC) 

and dopamine (DA) compared to those animals fed the un-supplemented contaminated diet. By 

having mycotoxins such as FA within the bloodstream, they compete with tryptophan binding 

sights on the blood cell and by doing so increases the levels of tryptophan within the blood. 

Increased brain concentrations of serotonin, a metabolite of tryptophan, have been shown to 

cause loss of appetite, lethargy and loss of muscle coordination, (Leathwood 1987).  

Girish and Smith (2008) fed turkey poults a control diet, a contaminated diet or a 

contaminated diet + 0.2% GMP for a 12 week progression feeding regime (0-3 starter, 4-6 

weeks grower, 7-9 weeks developer and 10-12 weeks finisher). Precautions were taken to ensure 

a consistent degree of contamination over the various feeding periods.  Contaminated diets 

contained about 2.8 mg DON/kg, 0.2 mg 15-ADONl/kg, 0.2 mg zearalenone/kg and 12.5 mg 

fusaric acid/kg. Feeding of the contaminated ration for 6 weeks resulted in a significant decrease 

in 5-hydroxyindoleacetic acid (5-HIAA) concentrations as well as the 5-HIAA: serotonin (5-

HT) ratio in the pons region of the brain. The supplementation of GMP to the contaminated diet 

reduced these effects. Significant decreases were also seen between the concentration of 5-HT in 

the pons and body weight gain over week 6 in birds fed the contaminated diet.  The high 
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concentration of 5-HT in the pons region may be a result of the location of the pons outside the 

protective borders of the blood-brain barrier (Girish et al., 2008a; Miller and Leslie 1994).  It 

has been well documented that serotonergic  raphe nuclei are involved in feeding behaviours 

therefore any increase in the concentration of 5-HT in the pons region could reduce feed intake 

resulting in the reduced body weight gain seen in week six of the trial (Girish et al., 2008a; 

Cooper et al., 2003). 

A reduction of body weight was seen in birds exposed to contaminated diets although the 

intake of feed was consistent across diets within the grower and developer phase (Girish. et al., 

2008b). Chowdhury and Smith (2005) performed a similar study with laying hens which 

presented a reduction in body weight across all growing phases. The differences in the responses 

seen between the studies by Chowdhury and Smith (2005) and Girish et al., (2008a) could be 

caused by a higher level of contamination in the Chowdhury and Smith (2005) study (about 6.8-

13.6 mg/kg DON) and also the variation in sensitivities between the two poultry species. The use 

of naturally contaminated feedstuffs, moreover, can result in different spectrums of mycotoxin 

contamination in finished feed with different interactions between mycotoxins which can affect 

the sensitivity of animals to the contaminated feed.   

1.5.2 Effects of contaminated feed on gastrointestinal tract morphology 

The primary Fusarium mycotoxins that occur in cereal grains, feeds and forages are TCT, 

zearalenone, FA and fumonisins Girish and Smith (2008).  The main target for TCT are rapidly 

dividing cells, cells with high levels of differentiation, and tissues that have a high protein 

turnover, such as the liver, small intestine and immune system (Girish and Smith 2008; Feinburg 

and McLaughlin 1989). This was found in the study by Girish and Smith (2008) using turkey 

poults.  Birds were fed one of three diets: control, contaminated or contaminated + 0.2% GMP. A 
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combination of naturally contaminated corn and wheat was used to ensure multiple co-

contaminants. Poults were fed for up to 12 weeks and underwent a progression feeding regime 

(starter 0-3 weeks, grower 4-6 weeks, developer 7-9 weeks and finisher 10-12 weeks). 

Contamination levels across all contaminated diets were 2.8 mg DON/kg, 0.2 mg 15-ADON/kg, 

0.2 mg zearalenone/kg and 12.4 mg FA/kg. At the end of each production phase some birds were 

euthanized and sections from the intestine were collected and processed for histological and 

morphological analysis (Girgis et al., 2006). Feeding of the contaminated diet in the starter 

period resulted in a significant reduction in duodenal villus height (VH) compared to the 

controls. The feeding of GMP prevented this effect.  The feeding of the contaminated diet also 

significantly reduced jejunal VH and apparent villus surface area (AVSA) compared to the 

controls. In the grower phase, duodenal villus width (VW) and AVSA, jejunal VH and AVSA 

and illeal submucosa depth were found to be significantly reduced in poults fed the contaminated 

diet compared to the controls, and again, supplementation with GMP prevented these effects in 

the jejunum and ileum. No significant effects of diet were seen on intestinal morphology at the 

end of the developer or finisher phases. Adverse changes in the intestinal morphology resulted in 

reduced growth rates in the grower and developer phases compared to the controls. Awad et 

al.,(2006a) described the feeding of 10 mg of purified DON/ kg of feed to broilers and observed 

decreased absorption of D-glucose within the jejunum.  This result was described as being a 

result of overcompensation by distal portions of the intestine to make up for the compromised 

main absorption site which was the duodenum and jejunum. 

Girgis et al.,(2010) performed a similar study in broiler breeder pullets, which included 

an additional coccidiosis challenge for some of the treatment groups. The results were similar to 

those seen in the study performed by Girish and Smith  (2008) using turkey poults.  Diets 
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containing grains naturally contaminated with Fusarium mycotoxins, with the primary 

contaminant being DON (approximately 2.5 mg/kg in starter diets and 3.5 mg/kg in grower diets) 

were shown to negatively affect small intestinal morphology in broiler breeder pullets. The 

observed reduction in small intestinal VH, VW, AVSA without an effect on performance was 

thought to be due to compensation occurring in the more distal areas of the intestine. Awad et 

al.,(2006b) found a similar reduction of absorbable surface area within the gut without a 

significant change in growth performance.   

1.5.3 Effects of contaminated feed on immunity 

Macrophages, T-cells and B-cells of the immune system are sensitive to effects of DON, 

which can either stimulate or depress the immune system function depending on the dose and 

frequency of exposure (Girish et al., 2008b; Pestka et al., 2004). Low doses of DON up-regulate 

the expression of inflammatory cytokines, chemokines genes, while high exposures to DON 

promote leukocyte apoptosis which is associated with immunosuppression (Girish, et al., 2008b); 

(Pestka et al., 2004). This was demonstrated by Girish et al., (2008b) using turkey poults that 

were exposed to one of three diets: the control, the contaminated and the contaminated + 0.2% 

GMP diet. The primary contaminant for the contaminated diets was DON at a concentration of 

about 2.8 mg/kg. The birds went through regular progression feeding practises until 12 weeks of 

age. Ten birds per diet were challenged at 8 and 10 weeks of age using an injection of 5% sheep 

red blood cells (SRBC) in PBS.  Blood was collected to identify the immune response. A 

significant decrease in secondary IgG titre against SRBC antigens was seen in poults fed the 

contaminated diet. 

 Contact hypersensitivity (CHS) to dinitrochlorobenzene (DNCB) was also tested by 

challenging the foot webbing of 11-week old poults with DNCB dissolved in acetone and olive 
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oil. The CHS response was significantly decreased compared to the controls at 24 and 72 hours 

after exposure in poults fed the contaminated diet while dietary supplementation with GMP 

prevented this response.  

Local effects of Fusarium mycotoxins in the diet have been seen as a result of alterations 

in intestinal mucosa immunity (Girish, et al., 2010). Pestka, et al., (2004) found that mice fed 

DON-contaminated diets exhibited more IgA-bearing cells and an increase in Peyer’s patch 

lymphocytes, which resulted in the production of significantly more IgA antibodies. Girish,  et 

al., (2010) found that in 14 day old turkey poults fed a naturally contaminated diet (~4.0 mg 

DON/kg), there was a significant increase in the percentage of IgM B-cells in the ileum on day 

14 compared to poults fed either the contaminated diet + 0.2% GMP (~4.0mg/kg DON)  or the 

control diet. On day 21 there was also a significant decrease in the percentage of CD8
+
 -

lymphocytes in cecal tonsils from birds fed the contaminated diet while dietary supplementation 

with GMP prevented this effect. The increase of CD8
+
 T-lymphocytes indicates an immunity 

challenge, and by experiencing this the birds would be more susceptible to infectious diseases as 

these complexes are responsible for recognizing foreign antigens within the body (Girish et al., 

2010).   

1.5.4 Effects of Contaminated Feeds on Reproduction 

Yegani et al., (2006) conducted a study using 26 week old broiler breeder chickens to 

identify the potential risks of feeding diets naturally contaminated with Fusarium mycotoxins on 

reproduction. The birds were fed one of the following three diets control, contaminated and 

contaminated with 0.2% GMP. In both the contaminated and contaminated + 0.2% GMP the 

main contaminant was DON (approximately 13 mg/kg). Zearalenone and 15-ADON were also 

present in the feeds, but at much lower concentrations (0.35 and 0.6 mg/kg respectively). After 
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feeding the contaminated diet for four weeks, a reduction was seen in egg shell thickness and 

hatchability was also reduced. This could have resulted from the reduced integrity of the 

protective shell barrier which makes the embryo more vulnerable to dehydration leading to early 

embryonic death upon incubation. The reduction in shell thickness could have resulted from 

reduced calcium absorption due to degradation of the small intestine resulting from Fusarium 

mycotoxin contamination as was reported by Girish and Smith (2008). The subsequent increase 

in the shell thickness in eggs from birds fed the contaminated diet for 8 and 12 weeks could have 

resulted from compensation for the damage in the fore-gut by increasing absorption in distal 

regions of the intestine. 

1.6 Mycotoxin Sequestering Agents 

The best way to prevent the harmful effect of mycotoxins is by minimizing the potential for 

fungi to produce these compounds pre-harvest.  This can be done by harvesting the grain at 

maturity with minimal moisture and subsequently storing the grain under dry, cool conditions 

(Miedaner and Reinbrecht 1999; Huwig et al., 2001). Chemical treatments such as ammonium 

isobutyrate or propionic acid can be applied to the harvested grain to minimize mycotoxin 

production in storage by eliminating the causal fungi.  Such treatments kill the fungi that produce 

the mycotoxins and destroy the mycotoxins already present in the grain (Huwig et al., 2001). 

Planting hybrid plants that are less susceptible to fungal infestation and therefore less likely to 

exhibit mycotoxin contamination is also possible (Santin 2005). Other useful strategies include 

limiting plant stress during and after silking, in the case of corn, and by avoiding drought or 

excessive rainfall and preventing attack from external pests that could cause mechanical damage 

to the crop (Santin 2005) 
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 The use of current technologies, although helpful, are still not sophisticated enough to 

prevent all contamination pre-harvest or in stored feedstuffs (Wood 1992). Mycotoxin 

contamination of animal feeds is, therefore, common. This leads to substantial economic losses 

in the animal agricultural industries and also poses a potential hazard to human health as 

mycotoxin residues may be found in foods of animal origin (Diaz and Smith 2005) 

 Mycotoxin adsorbents are non-nutritive, non-digestible, non-fermentable high molecular 

weight polymers that can adsorb mycotoxins in the lumen of the digestive tract to prevent 

intestinal absorption and transfer to target tissues.  The adsorptive capacity of the carbohydrate 

complexes in the yeast cell wall (as found in GMP) offers a good alternative to  silica-based 

adsorbents as they can generally be used at lower inclusion levels in the diets compared to their 

inorganic counterparts as they readily bind to mycotoxins within the intestinal lumen of the 

animal (Diaz and Smith 2005). The use of the yeast cell walls instead of the whole yeast cell 

helps to increase the adsorption of mycotoxins as the cell wall contain polysaccharides, proteins 

and lipids which present many different and readily available adsorption sites (Huwig et al., 

2001). 
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CHAPTER 2 

EXPERIMENT RATIONALE, HYPOTHESIS, AND OBJECTIVES 

2.1 Experiment Rationale 

There is growing awareness that mycotoxins represent a risk for the cat food industry as 

feedstuffs of plant origin are increasingly used in commercial rations. This leads to a risk of 

mycotoxicoses if mycotoxins are found in significant concentrations in complete the cat foods.  

As mycotoxins have been found to heighten vulnerability to microbial diseases, worsen the 

effects of malnutrition and also to possibly interact synergistically with other toxins they are of 

concern to veterinarians and pet owners alike.  It is quite possible for mycotoxicoses to be 

overlooked or to be confused with other conditions in a presenting clinical case (Bennett and 

Klich 2003).  As there is currently no governing regulation on the levels of mycotoxins within 

commercial cat products it is important to bring this concern to the attention of the public and the 

relevant concerned governing bodies. 
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To identify the risk mycotoxins pose to the domesticcat, a survey study was conducted 

examining the levels of mycotoxins within 4 categories of commercial cat foods: international, 

veterinary, pet store and economy brands.  

A 21-day study was conducted, to identify the sensitivity of growing kittens to a palatable 

experimental extruded dry cat food containing a blend of corn and wheat naturally contaminated 

with Fusarium mycotoxins.   

 

 

2.2 Hypothesis 

 

1. Commercially produced dry cats foods sourced within North America and internationally 

will frequently be contaminated with mycotoxins.  

2. The presence of masked forms of DON will be detected in dry commercial cat feeds. 

3. Feeding a blend of grains naturally contaminated with Fusarium mycotoxins will affect, 

behavior, body weight, blood chemistry and tissue histology of the kidney, spleen, 

pancrease, thymus, duodenum, jejunum, ileum in growing kittens post weaning. 

2.3 Objectives 

 

1.  Understanding the frequency of Fusarium mycotoxins contamination in commercially 

available extruded cat foods. 

2. Identifying sensitivity of growing cats to Fusarium mycotoxins. 
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CHAPTER 3 

A SURVEY OF MYCOTOXIN CONTAMINATION OF COMMERCIAL CAT FOODS 

3.1 Introduction and objectives 

With the ever increasing costs of feedstuffs of animal origin, ingredients of plant origin are 

being increasingly used as protein and energy sources in pet food. High levels of feedstuffs of 

plant origin increase the risk of exposure of cats to feed-borne mycotoxins when such materials 

are incorporated into the finished product (Boermans and Leung 2007).  

Mycotoxins can arise from the fungal invasion of plants pre-harvest, as fungal spores are 

spread on the wind from surrounding soil and crops. Once the plant has been infested with fungi 

there is the potential for mycotoxin synthesis. The growth of toxigenic fungi and subsequent 

mycotoxin synthesis is promoted by environmental stresses on the host plant.  Stress such as 

drought, poor fertilization practise, insect or mechanical damage, competition with weeds or high 

planting density.  Such stressors reduce the natural defence mechanisms of the plant (Munkvold 
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2003). Fungal infestation and growth can also occur during harvest, transportation and storage 

(Leung et al., 2006). 

Many mycotoxins especially the TCT family, which includes DON, are very thermally and 

chemically stable and are resistant to degradation during the feed manufacturing process (Rotter, 

et al., 1996). This makes them very difficult to degrade once they have entered the production 

line.  Stringent quality control methods, including routine mycotoxin testing throughout the 

production chain can help to limit mycotoxin contamination of the final product. 

However, underestimation of mycotoxin concentration in the analysed samples is common due 

to conjugated mycotoxins.  These mycotoxins which have been chemically modified by plant 

metabolism to bind with surrounding molecules such as glucose or fatty-acids. This changes the 

structure of the mycotoxin and makes it undetectable by conventional analytical techniques 

without the addition of acid hydrolysis to remove the bound molecule (Berthiller et al., 2013; 

Tran and Smith 2011; Gareis et al., 1990). Conjugated mycotoxins may evade detection due to 

changes in chromatographic behaviour, altered polarity and reduced affinity to antibodies in 

ELISA test kits (Berthiller et al., 2013). Several Fusarium mycotoxins including zearalenone, 

fumonisin, nivalenol, fusarenon-X, T-2 toxin, HT-2 toxin, FA and DON are subject to 

conjugation by plants.  Ochratoxin A, patulin and destruxins have also been identified as being 

subject to conjugation by plants (Berthiller et al., 2013). The presence of conjugated mycotoxins 

in plant products is well understood, however, concentrations of conjugated mycotoxins are not 

regulated in complete feeds.  This highlights the need for regulatory bodies, food manufacturers 

and monitoring authorities to re-evaluate the current upper limits for mycotoxin contamination 

and to take into consideration the risk that masked mycotoxins hold for companion and 

production animals (Berthiller et al., 2013). 
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The high use of plant materials in the pet food industry and the lack of information regarding 

the degree of mycotoxin contamination prompted a survey of mycotoxin contamination of cat 

food manufactured both in North American and worldwide.  The survey was undertaken to better 

understand the potential risk that mycotoxins may pose to the cat food industry through the 

analysis of dry extruded commercial cat foods. 

 

 

3.2 Materials and Methods 

 

3.2.1 Sampling 

Seventy samples of dry cat food were purchased. These samples were composed of 64 North 

American samples and 6 samples acquired outside of North America (International). The North 

American samples were divided into one of the following 3 categories:  

Veterinary. Any sample purchased exclusively from a veterinary practice (13 samples) 

Pet Store. Any sample purchased at a pet specialty store (included 3 organic brands 1 of which 

was grain free (GF), 9 non-organic GF, and 15 with grain (WG) 

Economy.  Any sample purchased from any non-pet food specialty store (2 GF and 22 WG). 

Precautions were taken during the purchasing of the dry foods to avoid the selection of foods 

found in more than one category. Two samples were taken from each bag using a random 

sampling technique.  One of the samples was selected for multiple mycotoxin testing and the 

other for analysis of free and total (free + conjugated) DON  by chemical hydrolysis using 

trifluoromethanesulfonic acid (TFMSA) (Tran and Smith 2011) followed by detection using 

ELISA test kits. The samples for TFMSA hydrolysis were ground to around 1mm particle size 

prior to testing using a commercial blender. The purchased cat food was divided into one of the 
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following 5 categories: veterinary, pet store, economy (all of which were North American 

produced and purchased) and international.  

3.3.2 Mycotoxin analysis  

 

3.3.2.1 Gas Chromatography coupled with Mass Spectrometry (GC – MS).  

Samples were processed at the Laboratory Services Division, University of Guelph, Guelph 

Ontario. Trichothecenes  including free DON, 3–ADON, 15–ADON, nivalenol (NIV), 

fusarenon–X (FUS–X), neosolaniol (NEO), diacetoxyscirpenol (DAS), T–2 toxin and HT–2 

toxin  were determined using GC–MS (Canadian Food Inspection Agency -TOXI-061 method). 

A Varian CP–3800 GC equipped with a Saturn 2200 ion–trap MS (Agilent Technologies, 

Mississauga, ON, Canada) and a Rtx-5ms, 30 m, 0.25mmID, 0.25-μm film(Restek, 

Bellefonte,PA, USA) analytical column was utilized. Clean up procedures were as described by 

the Canadian Food Inspection Agency (2003) using a Romer Mycosep 227 trich + multifunction 

column (Romer Labs, Union, MO, USA). The limits of quantification for these mycotoxins are 

represented as follows: 0.120 μg/g (DON, DAS and T–2 toxin), 0.10 μg/g (3–ADON and 15–

ADON), 0.24 μg/ g (NIV) and 0.08 μg/g (HT–2 toxin). 

3.3.2.2 The enzyme-linked immunosorbent assay (ELISA) 

Neogen Veratox HS test kits (Neogen, Lansing,MI, USA) were used for the analyses of 

total aflatoxins (B1, B2, G1 and G2 ; limit of quantitation (LOQ): 1 µg/ kg) ; total fumonisins (B1, 

B2 and B3; LOQ: 25 µg/ kg); ochratoxin A (LOQ: 2 µg/ kg)  and zearalenone (LOQ: 5 µg/ kg) 

following manufacturer's instructions.  

3.3.2.3 Hydrolysis of conjugated DON 

Hydrolysis of conjugated DON by TFMSA was used to analyze free and conjugated DON 

according to the method of Tran and Smith (2011).  Samples of 2.5 g were weighed into 50 mL 

screw cap plastic test tubes containing 18 mL of deionised water and thoroughly blended with a 
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vortex mixer. Samples were shaken for 30 min at 30⁰C. TFMSA 0.5 M (0.5mL) was added and 

samples incubated at 30⁰ C for 20 minutes. Samples where neutralized after incubation by 

adjusting the volume to 20 mL with a solution of 1 M sodium carbonate in deionised water. All 

extracts were then centrifuged (3297 x g) for 10 min and filtered.  DON was then quantified 

using ELISA AgraQuant
®
 test kits with a detection range of 0.0125–0.250 µg mL

−1
 were used 

(Romer Labs, Union, MO, USA). These direct competitive enzyme-linked immunosorbent assay 

(ELISA) test kits determined free DON and total DON using horseradish peroxidase as the 

competing, measurable entity and quantification was made using a microplate reader (Bio-Rad 

550, Hercules, CA, USA). The cross-reactivities of the AgraQuant
®
 DON kit are as follows: 

DON (100%), 3-ADON (>100%), 15-ADON (103%), T2-toxin (0%), nivalenol (0%), fusarenon-

X (0%) and DON-3-glucoside (4.8%) ((CODA-CERVA 2009). A microplate reader with 

absorption measured at 450 nm was employed. 

 3.3.3. Statistical Analysis  

Statistical analysis was performed using Origin 8.0 software (OriginLab, Northampton, MA, 

USA). Data was subjected to a one-way ANOVA. Statistical analysis was conducted to compare 

free and total DON levels within all samples. It was also performed to compare the two different 

methodologies of DON analysis, ELISA techniques used by the Smith lab and GC/MS 

techniques used by Lab Services, University of Guelph. Due to high levels of variation, all other 

mycotoxins tested for in the survey precluded statistical evaluation. 

3.4 Results 

 

3.4.1 Free DON and other mycotoxins 

Sixty-one of the 70 samples contained detectable contamination. DON was found to be 

present at the highest level of average contamination across all categories of cat food brands, 
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with a maximum level of 780 µg/kg, and it was found in 29 of 70 the samples. Fumonisins were 

detected in 46 out of 70 samples up to a maximum level of 2300 µg/kg. 

Zearalenone was detected in 47 out of 70 samples with a maximum level of 390 µg/kg. HT-2 

toxin, a fungal metabolite of T-2 toxin was also detected in numerous samples. No samples were 

found to contain the following: T-2 toxin detection limit (DL= 0.06 g/g) diacetoxyscirpenol 

(DL=0.6 µg/g), neosolaniol (DL=0.07 µg/g), 3-ADON (DL= 0.05 µg/g), fusarenon-x (DL= 0.11 

µg/g) or nivalenol (DL= 0.12 µg/g) at detectable levels.   Table 3.1 outlines the average 

concentrations of mycotoxins found within the different categories of cat foods. Ranges of 

mycotoxins are also identified within this table and these are taken from the individual lowest 

and highest calculated value for each of the tested mycotoxins. Table 3.2 further illustrates the 

categories, taking into consideration the presence or absence of grain within the ingredients of 

each sampled cat food. No significant differences were found comparing DON analysis by GC-

MS and ELISA methodologies (P= 0.27).  

3.4.2 Conjugated DON 

Conjugated DON was found in 66% of the samples with an increase in recovery of DON of up 

to 45% after acid hydrolysis. Veterinary brands showed the highest level of conjugated 

contamination followed by pet store brands (Table 3.3). The categories were further classified 

into specific groups based on the ingredients used and tested for the presence of masked 

mycotoxins. The GF pet store brands had 16% more conjugated mycotoxins present when 

compared to the foods containing grains, Table 3.4. Significant differences in the total amount of 

conjugated DON were found comparing the economy and pet store brands (P=<0.01) with 

significantly higher levels of DON found within the economy samples. Veterinary and economy 

(P=<0.01) brands with significantly higher levels of DON found within the economy samples.  
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International and veterinary brands (P=<0.01) where significantly higher levels of DON were 

found within the international samples.  

3.5 Discussion 

All samples tested were within the legal maximum limits set for production animals by both 

the United States Food and Drug Administration (USFDA) and the European Union (EU). It is 

also of note that there are currently no defined limits for mycotoxin contamination in companion 

animal feeds so the tolerated limits are based on the limits outlined for production animals. This 

level is based on the literature reports of the sensitivity levels in production animals, as few 

studies of sensitivity have been conducted with companion animals. 

Most samples contained multiple co-contaminants. The presence of many different mycotoxin 

contaminants in a particular feed may lead to additive or synergistic interactions between the 

different mycotoxins (Pedrosa and Borutova 2011), which could increase the risk to cats.    

Leung et al., (2006) reported that aflatoxins, ochratoxins and Fusarium mycotoxins are most 

commonly found in pet foods. This statement is in agreement with the current study with respect 

to Fusarium mycotoxin contamination. Fumonisins are the most frequent contaminant of corn 

(Klaric 2012) so it is not surprising to see such high levels of contamination within the samples 

as a corn is commonly grain source in the pet industry. DON and zearalenone were also very 

prominent Fusarium contaminants across all categories tested.  Aflatoxins and ochratoxins were 

not found in many samples, although this could be attributed to most of the samples being 

produced in North America. Aflatoxins were found in two of the samples tested.  One of these 

was an international sample and the other was a veterinarian brand sample.  The mold Apergillus 

flavus which produces aflatoxins only grows in tropical or semi-tropical environments.  Optimal 

growing conditions are 30⁰C with a relative humidity of 80-85% (Hesseltine et al., 1966; 



28 
 

Spensly 1963) and these types of climates are not often seen in the temperate regions of North 

America. This suggests that some of the ingredients for the North American manufactured 

veterinarian brand likely came from outside of North America. Another reason for the high 

frequency of ochratoxin and aflatoxin contamination as reported by Leung et al., (2006) is that 

the data presented in their study was primarily drawn from case studies of acute poisonings. 

Aflatoxins are hepatotoxins and ochratoxins are nephrotoxins and both have very profound and 

traceable symptomologies in acute toxicity. This would result in a higher number of cases 

linking to these mycotoxins compared to other mycotoxins, with less obvious symptomologies.  

The most highly contaminated sample analyzed in the current study was manufactured in 

China. The high levels of mycotoxin contamination could be due in part to varying levels of 

mycotoxin regulation in different countries. The economy category had the highest level of 

overall average contamination when compared to the other three categories. As these products 

are commonly lower priced than brands in the pet store and veterinarian categories, lower quality 

ingredients were likely used in the production of these products, potentially resulting in higher 

mycotoxin contamination.  Another important observation was the change in the level of 

contamination that was observed when the economy and pet store categories were further 

classified into GF and WG categories. In contrast to the expected result of having lower 

mycotoxin contamination with reduced grain content, it was found that samples were still 

contaminated, even in the absence of grains. Within the economy category, fumonisins and HT-2 

toxin were found to be in higher concentrations in the GF group compared to the WG group. 

This was also the case in the pet store category, however, zearalenone, DON and 15-ADON were 

also found present in higher levels in the GF group compared to the WG group. In addition to the 

use of grains, seeds, nuts and legumes are commonly used as a protein or energy source in 
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companion animal food production, and these also can be contaminated with mycotoxins 

(Boermans and Leung 2007). 

  When levels of DON found using ELISA test kits were compared to results obtained from 

GC/MS technologies, no significant differences (P = 0.27) were observed, indicating good 

correlation for both methods.  

Similar to the previous studies performed by Tran et al., (2008), conjugated DON was found in 

66% of samples with an increase in recovery of up to 45% after acid hydrolysis.  This suggests 

that a large level of mycotoxins could be underestimated within the tested samples. Veterinary 

brands were found to have the highest increase in the level of DON after acid hydrolysis at 15 % 

recovery. This was followed by pet store samples at 13%, economy at 9% and international at 

5%.  When categories were further classified into groups based on ingredients, the GF pet store 

samples were shown to contain 10% more DON, on average, after undergoing hydrolysis 

compared to the WG pet store samples. This suggests that the use of non-grain, plant products in 

commercial extruded cat diets, may well pose much more of a threat for mycotoxin 

contamination than previously thought. 

3.6 Conclusions 

Although none of the tested samples exceeded the maximum acceptable limits for animal feed 

for any of the mycotoxins tested based on European Union or the USFDA regulations, these 

regulations exclude companion animal foods. Therefore is it difficult to truly understand the 

impact the mycotoxin levels being currently tested for within the industry have on the domestic 

cat. However, it can be concluded that commercial cat foods are frequently contaminated with 

mycotoxins.  The combination of the different toxins within the feeds may pose a significant 

threat to the health and welfare of domestic cats. The presence of masked mycotoxins was 
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evident with the use of TFMSA coupled with ELISA. Most samples experienced an increase in 

the levels of DON present after undergoing hydrolysis indicating that a large level of under-

representation may be occurring within the current mycotoxin methodologies in use within the 

pet food industry. It is also of note that there are no regulations currently in place that specify 

limits for mycotoxin levels in either raw ingredients or final products for companion animals. To 

date, little research has been conducted into the potential effects of food-borne Fusarium 

mycotoxins on the growth and metabolism of the domestic cat. With the increased usage of 

feedstuffs of plant origin in the cat food industry, an understanding of the sensitivity of cats to 

feed-borne mycotoxins is essential. 
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Table 3.1 Mycotoxin contamination in 70 cat foods commercially available in North America (N=64) and outside North America 

(international; N=6) North American cat foods were divided in categories based on the place of purchase (Economy, Pet Store, 

Veterinary) 

 North American International    

 

(µg/ kg) 

 

 

Economy 

(N= 24) 
Pet Store 

(N=27) 
Veterinary 

(N=13) 

(N=6) # of Samples 

With 

Detectable 

Contamination 

Mycotoxin 

Average 
 

Mycotoxin 

Range 

Aflatoxin BLD
 

BLD 0.1 0.3 2 0.05   BLD – 2 

Fumonisin  75.5 92.3 80.9 548.0 46 118.8  BLD – 2300 

Ochratoxin 0.1 0.3 BLD 0.5 32 0.2 BLD – 4.3 

Zearalenone 17.7 14.9 8.1 77.0 47 16.8 BLD – 390 

DON 265.0 58.1 18.7 276.7 29 138.0 BLD – 780 

15-ADON 29.5 2.2 4.6 17.3 15 13.3 BLD – 61 

HT-2 Toxin 19.0 BLD BLD 6.5 10 6.5 BLD – 51 

BLD: Below limit of detection 
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Table 3.2 Mycotoxin contamination of North American categories of cat foods according to 

ingredients listed on label (N=64) 

(µg/ kg) Economy 

GF 
(N=2) 

Economy 

WG 
(N=22) 

Pet Store 

GF 
(N= 9) 

Pet Store 

WG 
(N=15) 

Organic
1 

WG 
(N=3) 

Fumonisin 76.0 75.4 116.1 62.27 11.3 

Ochratoxin BLD 0.1 0.5 0.1 BLD 

Zearalenone 2.7 19.1 13.9 3.4 7.3 

DON BLD 289.1 81.9 25.1 BLD 

15-ADON BLD 32.1 5.9 BLD BLD 

HT-2 Toxin 21.5 18.8 BLD BLD BLD 

GF:Grain Free 

WG:With cereal grain 

BLD: Below limit of detection 
1
No organic GF cat foods were included in this study 
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Table 3.3 Changes in detectable levels of DON following acid hydrolysis with TFSMA 

 Average % increase after 

hydrolysis 

Range (µg/ kg) 

 

North America   

Economy 

(N= 24) 

9 5 – 17 

Pet Store 

(N=27) 

13 3 – 37 

Veterinary 

(N=13) 

15 4 – 45 

International 

(N= 6) 

5 3 – 7 
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Table 3.4 Changes in detectable levels of DON following acid hydrolysis with TFSMA 

categorized according to grain content 

 % Increase Range (µg/ kg) 

   

GF Economy 

(N=2) 

BLD BLD 

WG Economy 

(N=22) 

9 5 – 17 

GF Pet Store 

(N=9) 

25 12 – 40 

WG Pet Store 

(N=15) 

15 3 – 37 

Organic
1
 WG 

(N=3) 

15 4 -27 

GF: Grain Free 

WG: With cereal grain 

BLD: Below limit of detection 
1
No organic GF cat foods were included in this study 
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CHAPTER 4 

CHARACTERIZATION OF FUSARIUM MYCOTOXICOSES IN CATS 

4.0 Introduction 

This study utilized combinations of grains, corn and wheat, naturally-contaminated with 

multiple Fusarium mycotoxins in an effort to mimic potential conditions seen in the Canadian 

cat food industry. Cats have not been well investigated with respect to the impact of feed-borne 

Fusarium mycotoxins. The only relevant literature study is that of Hughes et al., (1999). The 

experimental diets used in that particular study are not commercially recognized standard diets 

and resulted in performance discrepancies. However, the cats used in the experiment consumed 

the diets and there were several incidences of vomiting experienced by animals at concentrations 

of 4 and 10 mg/kg of DON. The current research was designed to determine the sensitivity of 

growing kittens to diets naturally contaminated with multiple Fusarium mycotoxins with respect 

to growth rates, feeding behaviour, general health, gastro-intestinal morphology and histology. 

Potential sensitivity to conjugated or ‘masked’ DON, should be considered, as DON, a major 

mycotoxin contaminant in North America, has been reported to covalently bind to other 

molecules such as glucose or fatty acids to form complex molecules that are unidentifiable by 

common testing techniques. Once ingested, these conjugated mycotoxins may become as toxic as 

the free forms, making them a significant concern in pet food. 

In addition, determining the sensitivity levels of cats to contaminated feeds will help to better 

characterize clinical cases of mycotoxicoses in the field.  This will assist feed companies to 

better understand the significance of contaminated feeds and what it means in respect to 
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tolerance in cats. This research will also help to improve commercial quality control practices, 

resulting in safer feeds for consumers and fewer clinical cases of mycotoxicoses in cats. 

4.1 Materials and Methods 

 

4.1.1 Experimental Animals and Diets 

Eight, eight week old genetically similar kittens obtained from Liberty Laboratories 

(Waverly, NY, USA) were housed individually in 1.0 m x 0.5m individual pens (pictured in 

Figure 4.1) at the Central Animal Facility, University of Guelph (Guelph, Ontario, Canada). Cats 

were given a 12 day conditioning period upon arrival. During this time they were treated for 

Giardia as described by Morrison and Peregrine (2010) and allowed to adjust to the control diet 

and acclimate to their environment. The cats were group socialized for a minimum of 4 hours a 

day and a number of different toys and boxes were provided at this time to stimulate the animals. 

Two experimental diets were manufactured at the local feed facility using extrusion 

technology and met commercial feed production regulations. The diets were formulated to meet 

or exceed the AAFCO (2014) nutrient profile for growing cats.  The only difference between the 

diets was the source of corn and wheat, used in the contaminated diet, these were naturally-

contaminated with elevated concentrations of multiple Fusarium mycotoxins. The primary toxins 

included within the diet were DON present at around 3600 µ/kg, FA present at around 800 µg/kg 

and zearalenone, present at around 800 µg/kg. The ingredient and nutrient profile of the diets can 

be found in Table 4.1. 

 The experimental protocol was reviewed and approved by the University of Guelph 

Animal Care Committee (AUP # 2552) and the animals were managed and cared for in 

accordance to the guidelines of the Canadian Council on Animal Care (2010). 
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4.1.2 Analysis of Dietary Mycotoxins 

 Both control and contaminated diets were analyzed for mycotoxins using LC/MS/MS 

methodology (Jackson, et al., 2012). The following 38 mycotoxins  were measured: aflatoxin B1 

(detection limit (DL) 0.129µg/kg), aflatoxin B2 (DL 0.684 µg/kg), aflatoxin G1 (DL 0.449 

µg/kg), aflatoxin G2 (0.422µg/kg),ochratoxin A (DL 0.362 µg/kg), ochratoxin B (DL 0.302 

µg/kg), DON (DL 5.713µg/kg), 3-ADON (DL 4.058 µg/kg), 15- ADON (DL 7.442 µg/kg), 

DON-3-glucoside (DL 16.651 µg/kg), nivalenol (DL 53.988 µg/kg), fusarenon X (DL 2.489 

µg/kg), fusaric acid (DL 0.017 µg/kg), T-2 toxin (DL 0.744 µg/kg), HT-2 toxin (DL 2.296 

µg/kg), diacetoxyscirpenol (DL 1.505 µg/kg), neosolaniol (DL 0.946 µg/kg), fumonisin B1 (DL 

20.426 µg/kg), fumonisin B2 (DL 1.804 µg/kg), fumonisin B3 (DL 2.918 µg/kg), zearalenone 

(DL 2.545 µg/kg), α- zearalenol (DL 12.964 µg/kg), β-zearalenol (DL 10.910 µg/kg), zearalanol 

(DL 3.427 µg/kg), patulin (DL16.669 µg/kg), mycophenolic acid (DL 2.496 µg/kg), roquefortine 

C ( DL 0.196 µg/kg), penicillic acid (DL 11.693 µg/kg), wortmannin ( DL 0.764 µg/kg), 

gliotoxin (DL 5.608 µg/kg), sterigmatocystin (DL 0.184 µg/kg), verruculogen (DL 0.331 µg/kg), 

2-bromo-alpha-ergocryptine (DL 0.838 µg/kg), ergometrine/ergonovine (DL 0.573 µg/kg), 

ergotamine (DL 0.502 µg/kg), lysergol (DL 0.457 µg/kg), methylergonovine (DL 0.048 µg/kg), 

alternariol (DL 1.379 µg/kg).  

Free and conjugated DON were tested using a TFMSA hydrolysis technique (Tran & 

Smith, 2011) in conjunction with ELISA AgraQuant® (Romer Labs Inc U.S.A) test kits with a 

detection range of 0.0125-0.250 µg/ m L
-1

. The samples for TFMSA hydrolysis were ground 

using a commercial blender to around 1mm particle size prior to testing. Hydrolysis of 

conjugated DON with TFMSA was used to analyze free and conjugated DON according to the 

method of Tran and Smith (2011). Samples of 2.5g were weighed into 50-mL screw capped 

plastic test tubes each containing 18 mL of deionised water and thoroughly blended with a vortex 
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mixer. These were shaken for 30 minutes at 30⁰C. TFMSA, 0.5 M (0.5mL) was added and the 

tubes incubated at 30⁰ C for an additional 20 minutes. Samples were neutralized by adjusting the 

volume to 20mL with a solution of 1 M sodium carbonate in deionised water. All extracts were 

centrifuged (3297 x g, 10 minutes) and filtered. Deoxynivalenol was quantified using ELISA kits 

and a microplate reader with the absorption measured at 450 nm.  

4.1.3 Experimental Variables Studied 

  

4.1.3.1 Body Weight and Feed Intake 

The kittens were offered food and water ad libitum throughout the study with the food 

freshened every day at 8:00 AM starting from day zero. Feed intake was recorded daily by 

subtracting the orts from the total mass of food placed in the cages on the previous morning. 

Body weights were measured weekly using an infant scale (days 0, 7, 14, 21).  

4.1.3.6 Clinical Appearance 

Kittens were monitored three times daily for any changes in clinical appearance. General 

appearance was recorded in accordance to the following scale outlined by the Animals Care 

Committee (ACC) (AUP # 2552) with special assistance from Dr. Marcus Litman (University of 

Guelph, Ontario Veterinary College) as follows: 0= bright, alert and responsive; 1= quiet, alert, 

and responsive; 2= lethargic, dull eyes and decreased eating; 3= recumbent and unresponsive.  

Mucus membranes were recorded on a scale: 0 = pink; 1= pale.  Feces consistency was 

monitored as follows: 0=normal, formed, 1=soft, unformed and 2= watery.  Scales to assess 

clinical appearance were reviewed and approved by the ACC of the University of Guelph in 

accordance with AUP # 2552. Body weight was determined if clinical symptoms were present.  
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4.1.3.3 Behavior 

Behavior was monitored during three different occasions every week. Two Sony HDR-

CX330 cameras were used to film the animals. Filming began after the feed was freshened in the 

morning and continued for 50 minutes in the kitten room while all experimenters remained 

outside to avoid disturbing the animals. Directly following the conclusion of the feeding video, 

an enclosed playpen was set up for the filming of play behavior (Figure 4.2). All eight cats were 

placed in the playpen for the 50 minutes of filmed social behavior. Consistent toys were placed 

in the playpen for stimulation. Water was available for the kittens ad libitum during playtime. 

Kittens also had use of the litterbox during this time. Kittens did not have access to their feed 

during social playtime.  

Feeding behavior analysis was conducted on days 2, 10 and 17. The Observer XT 

software by Noldus was used to analyze behavior. The following ethogram was used to analyze 

feeding behavior: 

Feed in: once fresh feed was placed into the cage and door fastened 

Actively feeding: feeding length was quantified from when the consumption of food started and 

ended i.e., when the kitten moved from the bowl 

Sniffing food: Interacting with food but not consuming food 

Drinking: Session started when the kitten began drinking and ended when the kitten moved away 

from the water bowl  
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4.1.3.2 Blood-Hematology and Serum Biochemistry Profile 

Blood samples were taken via jugular or saphenous venipuncture on days 0 and 21 and 

subjected to hematology and serum chemistry analysis (Animal Health Laboratory, University of 

Guelph, Guelph, ON). Analysis of serum albumin, alanine transferase, alkaline phosphatase, 

amylase,  bilirubin (free, total and conjugated), calcium, chlorine,   cholesterol, creatinine kinase, 

glutamyltransferase,  glucose, lipase, magnesium, phosphate, potassium, sodium, total protein 

and urea were performed using a Roche Cobas 6000 c501 analyzer (Roche - Laval, Canada).   

 

4.1.3.4 Relative Organ Weights, Histological and Morphological Analysis 

Animals were euthanized after 21 days of feeding. A solution of ketamine 5mg/ kg IM 

dexmedomidine 30 µg/kg and butorphanol 0.5 g/kg was given to sedate the kittens prior to 

euthanasia. The duodenum, ileum, jejunum, pancreas, liver, spleen, kidneys, and thymus were 

excised. The weight of the liver (including gall bladder), spleen, kidneys, pancreas and thymus 

were recorded.  Organ samples were collected from  the duodenum (1-2 cm length, half-opened 

and 1.5-2cm from the pyloric sphincter); jejunum (2 cm length, half-opened at roughly the 

middle of its length); ileum ( 1cm length, half-opened and immediately adjacent to the 

ileocecolic junction); pancreas (1cm length from the midpoint); 2 pieces of liver (1 from right 

lateral lobe, 1 from quadrate lode); spleen (1cm length from the midpoint); each kidney (0.5cm 

thick semicircular wedges, taken from the center). All samples were immediately placed into jars 

of 10% neutral buffered formalin. 

Organ samples were trimmed by the Animal Health Lab technicians at the University of 

Guelph Animal Health Lab, into cassettes, dehydrated, embedded in paraffin, sectioned at a 5 

micron thickness onto glass slides, stained with hematoxylin and eosin using standard methods, 
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and cover slipped. They were sent for blinded pathological interpretation by a single operator, 

Dr. Andrew Vince of the University of Guelph animal health laboratory. 

Moreover, slides were also used for morphometric analysis. A 50 X magnification was 

used to analyze the samples. Morphometric indices included villus height (VH) from the tip of 

the villus to the crypt, villi width as demonstrated in the photograph shown in Figure 4. (VW; 

average of VW at 1/3 and 2/3 of the villus). Apparent villus surface area was calculated by 

formula [(VW at 1/3 + VW at 2/3 of the height of the villus) x (2)
-1

x VH], according to Girish 

and Smith (2008) ;  Ije, et al., (2001). 

3.3.3. Statistical Analysis  

Statistical analysis was performed using Origin 8.0 software (OriginLab, Northampton, MA, 

USA). All collected data was subjected to a one-way or two-way ANOVA test.  

4.2 Results 

 

4.2.1 Dietary Mycotoxin Challenge 

The following mycotoxins were found to be in quantities below the limits of detection 

employed in this study for both test diets: aflatoxin B1, aflatoxin B2, aflatoxin G1, aflatoxin G2, 

15-ADON, nivalenol, fusarenon X, HT-2 toxin, neosolaniol, fumonisin B2, fumonisin B3, α-

zearalenol, β-zearalenol, zearalanone, patulin, penicillic acid, wortmannin, gliotoxin, 

verruculogen, 2-bromo-alpha-ergocryptine, ergotamine, lysergol, methylergonovine and 

alternariol. The primary contaminant for the contaminated diet was DON at a level of 3600 

µg/kg. Fusaric acid and zearalenone were found at 800 µg/kg diet in the contaminated diet, 

fumonisin B1 was found at 100 µg/kg , T-2 toxin, sterigmatocystin and diacetoxyscerpenol were 

found at 5 µg/kg, ochratoxin A and B were found at 2 µg/kg.  The control diet, was not 

completely uncontaminated by mycotoxins, but was found to be at a much lower level than the 
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levels found in the contaminated diets. DON was the primary contaminant within the 

contaminated diet with about 3600 µg/kg, other contaminants of note are: FA approximately 800 

µg/kg and zearalenone approximately 800 µg/kg.  Table 4.2 outlines the exhaustive analysis 

results for both the control and contaminated diets.  Results for the presence of conjugated diets 

are given in Table 4.3, we found a 2% increase in the amount of recovered DON after acid 

hydrolysis was performed and coupled with ELISA kit detection methods for DON. 

4.2.2 Feed intake and Body Weight 

Mean feed intake was not significantly affected by diet at any time during the study 

(Table 4.4). Mean weekly weight gain and mean overall weight gain were also not significantly 

affected by diet (Table 4.4), but a trend towards lower weight gains in the cats fed the 

contaminated diet compared to controls was noted over the entirety of the trial.  Body weights of 

the kittens were not different between the two groups on day 0. Feed to gain conversion (Table 

4.4) was significantly negatively affected on day 8-14 and over the entire study (day 0-21), 

showing a negative impact on feed conversion with animals exposed to the contaminated diet.  

4.2.3 Clinical Appearance 

Nine days into the experiment, one of the kittens fed the contaminated diet vomited after 

the morning play session. The same effect was seen with the same cat on day 15. A second 

kittens fed the contaminated diet was more lethargic when compared to all other animals across 

both treatment groups.  

4.2.4 Behaviour 

There was no significant effect of diet or period of observation on feeding duration, number 

of feedings, drinking duration, number of visits to water bowl, sniffing food duration or number 

of sniffing food sessions.  A trend towards decreased eating duration and decreased numbers of 

bowl visits in cats fed the contaminated diet (Table 4.5) was seen.  Water consumption patterns 
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were inconsistent across diets and days tested (table 4.5). Also, a trend towards decreased 

sniffing duration (Table 4.5) and reduced number of food bowl visits as a result of sniffing 

occurred in animals fed the contaminated diet compared to the controls in two of the three trial 

observation periods. 

4.2.5 Blood Hematology and Serum Biochemistry Profile 

No difference in blood hematology and serum biochemistry profile were observed 

between test diets. All blood and serum parameters analysed were within the clinical reference 

ranges (Animal Health Laboratory, University of Guelph), except for serum creatine kinase, 

alkaline phosphatase and alanine transferase levels which were much higher than the provided 

reference ranges. Calculated osmolarity, hemoglobin, and monocyte counts were significantly 

different between days 0 and 21. However, this effect occurred regardless of diet. Blood 

parameters can be found within A1-A5 of the appendix. 

  

4.2.3 Relative Organ weights, Histological and Morphological Analysis 

Organ weight expressed as a percent of body weight was not significantly affected by diet 

for pancreas, thymus, spleen, liver and right and left kidney (Table 4.6). All organ weights as a 

percentage of body weights were within normal sizes (Annonymous, 2009). 

Splenic lymphoid follicles and the number of hepatic bile ducts were quantified 

structures, however, no significant effect of diet was observed.  The number of lymphoid 

follicles within the spleen and the size and structure indicated that an immune challenge had 

occurred within the test animals and this had occurred regardless of diet exposure. This could not 

be attributed to vaccination as the animals came to the trial unvaccinated.  
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Pathological evaluation of the pancreas, spleen, kidneys and thymus showed uniformly 

normal organs across both dietary groups. Several minor lesions were noted overall in the test 

animals.  Regenerative changes in different segments of the small intestine such as rare villus 

fusion, were seen in both the contaminated and control groups within the duodenum and within 

the jejunum of one subject within the contaminated group. Mild increases in neutrophils or 

eosinophils were seen within the lamina propria of the duodenum, jejunum and ileum within 

both the control and contaminated groups.  All four animals fed the contaminated diet 

experienced focal points of hepatitis compared to only one of the control animals. 

No effect of diet was seen in the VH and VW for the duodenum, jejunum or ileum (Table 

4.7).  A significant increase in apparent villus surface area in the jejunum was seen in animals 

fed the contaminated diet when compared to the controls. This effect was not seen in the 

duodenum and the ileum (Table 4.8). 

4.3 Discussion 

 To obtain multiple mycotoxin co-contaminants, a combination of naturally contaminated 

corn (48.26%) and wheat (2.5%) was used.  This co-contamination of mycotoxins was similar to 

that found in our survey of commercial cat foods (see Chapter 3) and this provided a more 

meaningful challenge than feeding animals individual purified mycotoxins (Girish et al., 2008a).  

Masked forms of mycotoxins are still commonly overlooked in commercial quality 

assurance procedures due to the assumed complexity associated regarding testing for them. 

TFMSA hydrolysis was performed to identify the potential risk associated with the conjugated 

forms of DON. The level of conjugated DON found within the contaminated test samples was 

well within the normal range seen within the samples tested within the previous survey study. It 
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is also important to remember that DON is not the only mycotoxin known to have conjugated 

forms (Berthiller et al., 2013), so there is still the possibility for underrepresentation to occur. 

The significant reduction of feed to weight gain ratio seen when cats were fed the 

contaminated diet was similar to observations made in numerous previous animal studies. Girish 

et al., (2008b) fed turkey poults diets with a similar level of contamination (about 2.8mg 

DON/kg). Growth rates were reduced during the grower (week 3-6) and developer (week 6-9) 

phases compared to controls while feed efficiency and feed intake were not significantly 

affected.  Chowdhury and Smith (2005) conducted a similar study in laying hens using a higher 

level of contamination (6.8-13.6 mg DON).  In their study the efficiency of feed conversion to 

eggs was significantly reduced when a contaminated diet was fed.  Swamy (2002) fed growing 

Yorkshire pigs a diet contaminated with 5.6 mg DON/kg and observed a decrease in appetite 

compared to controls. Higher hypothalamic concentrations of serotonin (5-HT) and 5-

hydroxyindoleacetic acid (5-HIAA) were seen in animals fed the contaminated diet compared to 

controls. Girish et al., (2008a), also found that feeding a diet naturally-contaminated with 2.8 

mg DON/kg) created a significant decrease in 5-HIAA and the 5-HT ratio in the pons region of 

the brain of turkeys. Changes in the concentration of 5-HT neurotransmissions in the pons 

regions of the brain could reduce feed intake and result in reduced body weight gain (Girish et 

al., 2008a ; Cooper et al., 2003) . Increased brain concentrations of serotonin have been shown 

to cause loss of appetite, lethargy and loss of muscle coordination (Leathwood 1987). In the 

current trial we had one animal within the contaminated diet which experienced an increased 

level of lethargy which may be attributed to interference of the serotonin metabolism cycle as a 

result of mycotoxins within the feed. However, as this pathway has not yet been conclusively 
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demonstrated in cats. Thus it can only be hypothesized that this could be a potential effect based 

on the results seen in other animal trials using swine and poultry subjects. 

Leung et al., (2007) performed a study using adult beagle dogs fed a diet naturally 

contaminated with Fusarium mycotoxins. The main contaminant was DON at a concentration of 

4.4 mg/kg diet. Dogs were fed the diets for 14 days and a significant reduction in body weight 

was seen. This effect was determined to be the result of decreased feed consumption. Dogs have 

heavily developed olfactory senses and this may have contributed to the decrease in feed 

consumption in conjunction with the potential neurological responses created by DON as 

described by Swamy (2002).  

In the current study, no effect of diet was seen on feed consumption.   This could possibly 

be in response to cats being naturally exclusive carnivores and lacking the sensory machinery to 

detect mycotoxins within their feeds. This topic was briefly discussed by Fink-Gremmels, 

University of Utrecht at the European Society of Veterinary and Comparative Nutrition 

(ESVCN) (Personal communication, September 11, 13, 2014) conference, but has not been 

conclusively discussed in the literature. 

Based on the large distribution of the changes seen within the organ pathologies, it is 

suggested that these are background lesions resulting from prior afflictions and not dietary 

effects. This would be in agreement with the results seen in a study performed by Hewitt et al., 

(2012) who had a comparable contamination level of 4.6 mg DON/kg was fed to rabbits. Girish 

et al., (2010) determined the effects of feeding a diet containing naturally contaminated corn and 

wheat with 3.9 mg DON/kg to growing turkey poults and found that numerically higher levels of 

lymphocytolysis were seen in birds fed contaminated diets compared to the control birds at day 

21. A significant increase in the number of secondary follicles in the spleen was seen in the 
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poults that had consumed contaminated feeds, compared to those that had consumed the control 

diets. The lack of significant difference between the treatment groups with both the splenic 

lymphoid follicles and the number of hepatic bile ducts seen within the histology slides of both 

groups within the current trial suggests that this effect was likely not due to diet. The feeding of 

diets naturally-contaminated with Fusarium myctoxins and containing 2.6 mg DON / kg to 

immature rainbow trout resulted in reduced feed intake and growth rates and indices of liver 

damage indicating that this species is very sensitive to the feeding of contaminated diets (Hooft 

et al., 2011). We found indications of liver damage in the current study with focal points of 

hepatitis in the liver of all four of the kittens consuming contaminated diets and in one kitten 

who consumed the control diet.  As the kittens in this trial experienced higher levels of DON 

exposure then the trout within Hooft’s (2011) study, it is possible that growing kittens are better 

equipped to handle Fusarium mycotoxin exposure then these aquatic species. 

Eosinophils, within the small intestinal lamina propria, were observed in three cats and 

which included animals from both treatment groups.   This observation is generally seen as a 

defence against a parasitic stressor. The presence of eosinophils could be a result of a previous 

parasitic infection. The laboratory animal colony from which these test animals originated had in 

the past experienced problems with the parasite Giardia. Upon arrival, the kittens went through a 

quarantine period and they were they were treated for the parasite.  

 The lack of effect of diet on relative organ weights was similar to the results obtained in 

the rabbit feeding study of Hewitt et al., (2012). This is also consistent with the study performed 

by Chowdhury and Smith (2005) in turkeys, which examined at relative liver, spleen and kidney. 

Girish et al., (2008b) reported that the effects of Fusarium mycotoxins had no effect on organ 

weights, perhaps therefore, they may not be a good indicator for toxicity for the Fusarium 
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mycotoxins tested for within these trials. As this is the first reported study examining the effects 

of multiple Fusarium mycotoxins on relative organ sizes in cats, a similar conclusion could be 

speculated, until proven otherwise with more in depth studies.  

This study suggested that the feeding of diets naturally-contaminated with Fusarium 

mycotoxins had no significant effect on the feeding or drinking habits of growing domestic 

kittens compared to the control kittens. This agrees with the feed intake measurements which 

also showed no significant effects of diet. The lack of significance seen within the behaviour 

studies, could also be a result of the small number of animals used in the trial. It could also be a 

result of not filming at the appropriate times as cats are fussy eaters and generally nibble small 

meals throughout the day (Frank 2002; Macdonald 1983).  Future studies would benefit from 

filming throughout the entire day. 

Blood creatine kinase, alkaline phosphatase and alanine transferase activities were very 

high even when the young age of the animals was taken into consideration. The report of Dehn 

(2014) takes into account differences in younger animals and neonates when blood is being 

drawn and analyzed using conventional technologies that only recognize limits set for adult 

animals. Calculated osmolality, hemoglobin, and monocyte counts were significantly different 

between days 0 and 21. This effect also occurred regardless of diet and was likely a result of 

growth, as the kittens were not adults at the time of sampling.  

Popiel et al., (2004) reported that feeding 8 kittens, aged 7 – 9 weeks, diets contaminated 

with 215-300 µg zearalenone/kg increased blood urea concentrations and leukocyte counts.  

Concentrations of other mycotoxins were not reported for this particular study.  This effect was 

not seen in the current study and could be a result of the combination of mycotoxins used with 
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DON, rather than zearalenone, being the major contaminant in the feed. It is also possible that 

the small number of animals employed in the current study plays a role in the contrasting results. 

A significant increase in the relative surface area of the jejunum was seen in animals fed 

the contaminated diet within the current study. This effect was not seen in the study performed 

by Girish and Smith (2008) who measured the effects of feeding a diet naturally-contaminated 

with Fusarium mycotoxins (2.8 mg DON) on the intestinal morphology of growing turkey 

poults. In the study performed by Girish and Smith (2008), a reduction in VH and AVSA was 

seen in the jejunum at the conclusion of the grower phase. However, at the end of the developer 

and finisher phases, no significant effects of diet where seen on VH or AVSA, within any of the 

sections of the intestine.  In the current trial, no effect of diet was seen on weight gain throughout 

the trial indicating the possibility that compensation was occurring in the more distal parts of the 

intestine, to make up for the damage caused by mycotoxins in the more proximal regions.  Girish 

and Smith (2008) saw evidence of repair within the intestine in the latter period of the study. A 

similar study was performed by Girgis et al., (2010) in broiler breeder pullets with a range of 

contamination from 2.5-3.5 mg DON. Negative impacts were seen in VH, VW and AVSA in 

sections of the small intestine as a result of feeding contaminated diets. As in the study by Girish 

and Smith (2008), no adverse effects were seen on performance, which suggests that 

compensation may be occurring in other sections of the intestines to make up for the damage 

caused by the mycotoxins.  

 The morphological changes seen with kittens in the current study could be a result of 

compensation within the jejunum due to the negative effects caused by the mycotoxins in the 

more proximal regions of the small intestine. The lack of significant effects of diet on 

morphology in the duodenum in the current study could also be a result of low animal numbers, 
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as the AVSA in the ileum and duodenum were numerically lower when compared to animals fed 

the contaminated diet versus the control diets.  

The emetic effects of DON on monogastric animals have been well documented. This is 

commonly linked to acute cases of mycotoxicoses, rather than to chronic exposure at lower 

levels. Hughes et al., (1999) reported that diets containing grains naturally-contaminated with 10 

mg DON/kg elicited vomiting in the test animals.  The feeding of diets contaminated with less 

than 8 mg DON/kg did not cause these effects. However, it is also well documented that cats and 

dogs exhibit large individual differences in their emetic patterns, with some animals being very 

sensitive and others being resistant to toxicological challenges (Pestka  2007). This could explain 

why emesis was seen in only one animal throughout the trial.  This isolated case, however, could 

also be explained by the kitten consuming food too quickly after being returned to the pen after a 

play session.  

4.4 Conclusions 

It can be concluded from the current study that chronic exposure to extruded animal feeds 

that are naturally contaminated with Fusarium mycotoxins has negative effects on feed 

conversion in growing kittens, as well as relative deleterious effects on the intestinal surface area 

within the jejunum.  Future studies with a larger numbers of animals would be beneficial to 

confirm these results.  
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Figure 4.1 Animal housing facilities for the kittens within the central animal facility (CAF) at 

the University of Guelph 
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Figure 4.2 Playpen available for the kittens to use during social play filming within the central 

animal facility (CAF) at the University of Guelph 
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Figure 4.3 Image of the lumen of the jejunum of a cat fed the control diet, the red marks on the 

villi indicate the places where width measurements were taken at 1/3 and 2/3 up the villi from 

the intestinal wall. 
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Figure 4.4 Spleen-lymphoid follicles of a cat fed the control diet. The white pulp contained 

numerous large secondary lymphoid follicles.  Hematoxylin and eosin (HE), 100x magnification. 
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Figure 4.5 Spleen-lymphoid follicles of a cat fed the contaminated diet. The white pulp 

contained numerous large secondary lymphoid follicles. HE, 100x magnification. 

 



56 
 

 

Figure 4.6 Duodenum-eosinophils between duodenal crypts of a cat fed the control diet, the 

lamina propria contained increased numbers of eosinophils. HE, 400x magnification. 
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Figure 4.7 Duodenum-neutrophils of a cat fed the contaminated diet, between duodenal crypts, 

the lamina propria contained increased numbers of neutrophils. HE, 400x magnification. 
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Figure 4.8 Focal hepatitis within the liver of a cat fed the contaminated diet. A small focus of 

hepatocytes is missing, replaced by mixed leukocytes (principally lymphocyte, plasma cells, and 

macrophages. HE, 40x magnification. 
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Table 4. 1 Composition of ingredients for contaminated and control diets, the contaminated diet 

utilized a contaminated source wheat and corn and the control diet utilized ‘clean’ grains in 

replacement. The diet was formulated to meet or exceed the requirements set out by AAFCO 

(2014) guidelines for growing kittens. 

Ingredient Percentage (%) of Diet 

Ground Corn 48.36 

Corn Gluten Meal 20.00 

Poultry Meal 17.00 

Poultry Fat 10.00 

Ground Wheat 2.50 

Cat Vitamin/Mineral Premix 0.10 

Palatent 2.00 

Liquid Antioxidant 0.03 

Dry Antioxidant 0.01 
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Table 4.2 Mycotoxin concentration (µg/kg) within control and contaminated diets analysed using 

LC/MS/MS technologies 

Mycotoxins 

(µg/kg) 

Control Levels 

Detected ± SD 

 

Contaminated Levels Detected 

± SD 

Detection 

Limit 

Lower 

Quantification 

Limit 

Aflatoxin B1 BLD BLD BLD BLD 0.1 0.4 

Aflatoxin B2 BLD BLD BLD BLD 0.7 2.3 

Aflatoxin G1 BLD BLD BLD BLD 0.4 1.5 

Aflatoxin G2 BLD BLD BLD BLD 0.4 1.4 

Ochratoxin A 2.1 0.2 2.6 0.2 0.3 1.2 

Ochroatoxin B BLD BLD 2.1 0.04 0.3 1.0 

DON 397.1 15.2 3623.2 234.4 5.7 19.0 

3-ADON BLD BLD 41.6 5.6 4.0 13.5 

15-ADON BLD BLD BLD BLD 7.4 24.8 

DON-3-Glucoside BLD BLD 288.7 21.7 16.6 55.5 

Nivalenol BLD BLD BLD BLD 54.0 179.9 

Fusarenon X BLD BLD BLD BLD 2.5 8.3 

FA 165.0 17.8 772.7 18.5 0.01 0.05 

T-2 toxin BLD BLD 6.0 1.31 0.7 2.5 

HT-2 toxin BLD BLD BLD BLD 2.3 7.7 

Diacetoxyscerpenol BLD BLD 5.5 0.60 1.5 5.0 

Neosolaniol BLD BLD BLD BLD 0.9 3.1 

Fumonisin B1 BLD BLD 145.8 10.0 20.4 68.1 

Fumonisin B2 BLD BLD BLD BLD 1.8 6.0 

Fumonisin B3 BLD BLD BLD BLD 2.9 16.5 

Zearalenone 130.3 17.1 767.7 27.6 2.5 8.5 

α- Zearalenol BLD BLD BLD BLD 13.0 43.2 

β Zearalenol BLD BLD BLD BLD 10.9 36.4 

Zearalanone BLD BLD BLD BLD 3.4 11.4 

Patulin BLD BLD BLD BLD 16.7 55.5 

Mycophenolic Acid 8.4 0.4 BLD BLD 2.5 8.3 

Roquefortine c 1.4 0.02 1.4 0.03 0.2 0.6 

Penicillic Acid BLD BLD BLD BLD 11.7 39.0 

Wortmannin BLD BLD BLD BLD 0.8 2.5 

Gliotoxin BLD BLD BLD BLD 5.6 18.7 

Sterigmatocystin BLD BLD 5.4 0.8 0.2 0.6 

Verruculogen BLD BLD BLD BLD 0.3 1.1 

2-Bromo-Alpha-

Ergocryptine 

BLD BLD BLD BLD 0.8 2.8 

Ergometrine/ 

Ergonovine 

2.4 0.4 BLD BLD 0.6 1.9 

Ergotamine BLD BLD BLD BLD 0.5 1.7 

Lysergol BLD BLD BLD BLD 0.4 1.5 

Methylergonovine BLD BLD BLD BLD 0.05 0.2 

Alternariol BLD BLD BLD BLD 1.4 4.6 

BLD: Below limit of detection 
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Table 4.3 Conjugated DON recovery analysis using TFMSA hydrolysis technology techniques 

as described by Tran and Smith (2011) 

 Free 

DON 

Total 

DON 

Conjugated 

DON 

Percent 

Increase 

Control 0.54
 

0.53 -0.01 -2 

Contaminated 2.98
 

3.04 0.06 2 

 

 

 

 

  

Table 4.4 Mean feed intake (g), weight gain and feed conversion (g/g) per diet treatment of 8 

kittens during a 21 day diet trial with a control diet (N=4) and a test diet naturally contaminated 

with Fusarium mycotoxins (N=4)  

Diet  Day 0-7 Day 8-14 Day 15-21 Day 0-21 

 Mean Feed Intake (g) ± SE 

Control 407 ± 2.8 459 ± 2.8 495 ± 3.7 1426 ± 176.3 

Contaminated 390 ± 1.8 463 ± 1.5 502 ± 1.4 1427 ± 57.5 

P Value 0.5 0.9 0.8 1.0 

 Mean Weight Gain (g) ± SE 

Control 165 ± 0.07 200 ± 0.06 195 ± 0.07 560 ± 0.01 

Contaminated 113 ± 0.08 145 ± 0.1 173 ± 0.1 431 ± 0.06 

P Value 0.07 0.08 0.05 0.1 

 Feed Conversion (g/g) ± SE 

Control 2.5 ±0.2 2.3 ± 0.1 2.5 ± 0.1 2.5 ± 0.1 

Contaminated 3.7 ± 0.5 3.4 ± 0.4 2.9 ± 0.12 3.4 ± 0.2 

P Value 0.07 0.03 * 0.05 0.001* 

*indicates a value of significance (P=<0.05) 
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Table 4. 5 Eating, drinking and sniffing feed behaviours, mean duration(s) and quantified 

number of bowl visits of 8 kittens, control (N=4 ) and contaminated diets (N=4), treatment ± 

SEM and P values are in respect to treatment group the kitten was exposed to 

 

Eating 

Observation             Duration (s)        Number  bowl visits 

 Control 
 

Contaminated Control
 
 Contaminated

 
 

Day 2 405.6  86.2  1.7  1.5  

Day 10 109.03  128.2  2.5  1.7  

Day 17 92.8  79.3  2.7  1.2  

Treatment ± 

SEM 

0.7  105.0 

P Value 0.4  0.3 

Drinking 

Day 2 28.8  46.2  0.7  1.7  

Day 10 29.0  18.5  1.5  0.7  

Day 17 0  16.9  0  0.7  

Treatment ± 

SEM 

0.4  10.4  

P Value 0.4  0.5  

Sniffing Feed 

Day 2 21.5  3.3  2.3  1.5  

Day 10 1.5  1.7  0.7  0.7  

Day 17 1.2  1.3  0.2  1  

Treatment ± 

SEM 

0.4  6.3  

P Value 1  0.4  
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Table 4.6 Relative mean organ weight (%) of 8 kittens during a 21 day diet trial with a control 

diet (N=4) and a test diet naturally contaminated with mycotoxins (N=4) 

 Control ± SE Contaminated ± SE P Value 

Thymus 0.4 ± 0.02 0.4 ± 0.02 0.5 

Liver 3.7  ± 0.10 3.7 ± 0.10 0.2 

Left Kidney 0.4  ± 0.02 0.4 ± 0.02 0.6 

Right Kidney 0.4  ± 0.01 0.4  ± 0.01 0.8 

Pancreas 0.4   ± 0.03 0.5 ± 0.03 0.6 

Spleen 0.3  ± 0.02 0.3 ± 0.03 0.1 

 

 

 

 

 

 

 

 

 

Table 4.7 Duodenum, jejunum and ileum mean morphology measurements performed using 50 

X magnification on haematoxylin and eosin stained slides taken from 8 kittens from the diet trial: 

control (N=4), contaminated (N=4) 

 Bottom1/3 VW(µm) Top 2/3 VW (µm) VH (µm) 

Duodenum    

Control
 

101.4 103.2 856.7 

Contaminated
 

114.7 93.0 737.1 

Jejunum     

Control
 

79.4 95.7 681.6 

Contaminated
 

92.8 78.1 644.9 

Ileum    

Control
 

78.7 100.0 550.6 

Contaminated
 

93.4 77.3 536.1 

VW: villus width  

VH: villus height 
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Table 4.8 Duodenum, jejunum and ileum surface area, calculated from morphology 

measurements in table 4.7 from the diet trial: control (N=4), contaminated (N=4) 

 Surface Area (µm
2
) P Value 

Duodenum   

Control
` 

82 x 10
3 

± 6 x 10
3
 0.3 

Contaminated
 

75 x 10
3 

± 2 x 10
3
  

Jejunum    

Control
 

48 x 10
3 

± 2 x 10
3 

0.04 

Contaminated
 

54 x 10
3
 ±  2 x 10

3
  

Ileum   

Control
 

40 x 10
3 

± 2 x 10
3
 0.9 

Contaminated
 

39 x 10
3
 ±  3 x 10

3
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CHAPTER 5 

OVERALL CONCLUSIONS AND IMPLICATIONS 

From this study it can be concluded that commercial cat foods are frequently 

contaminated with a wide variety of mycotoxins. Due to the presence of conjugated forms of 

some mycotoxins, commercial quality control testing techniques may be underestimating the 

levels of mycotoxins in both raw materials and finished feeds. Growing kittens are sensitive to 

diets naturally contaminated with Fusarium mycotoxins. The feeding of Fusarium contaminated 

diets can adversely effect the feed conversion of kittens. This effect does not appear to have an 

impact on feed consumption when kittens consuming the contaminated diet are compared with 

animals of similar age fed a control diet. Significant negative impacts were seen in the feed 

conversion of kittens which consumed the contaminated diets. Morphological effects were also 

seen in the form of increased surface area within the jejunal section of the intestine. This may 

have resulted from a compensation for mycotoxin induced duodenal damage. These substantial 

effects should cause concern for industry professionals as no legislation currently exists to 

dictate acceptable upper limits of mycotoxin contamination in commercial cat foods. Pet owners, 

moreover, should conscientiously consider the quality and source of feed they are providing their 

pets and understand that feed price can have a substantial effect on the quality of the product 

provided and this, in turn, can have a significant impact on the health of pets. 

Future studies looking at the efficacy of preventative strategies, such as mycotoxin 

adsorbents, to prevent mycotoxicoses would be very beneficial for the pet food industry. The use 

of organic mycotoxin adsorbents has been shown to substantially prevent the many negative 

effects of mycotoxins within a growing animal in numerous other studies. It would be useful to 
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determine the efficacy of such supplements in preventing Fusarium mycotoxicoses in growing 

kittens. It would also be beneficial for members of the feed manufacturing community to 

consider the presence of conjugated forms of some mycotoxins, such as DON, within their raw 

ingredients and to employ appropriate testing methods, to help quantify the risk if these present 

when manufacturing feeds for the pet industry. 
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Appendix: Additional experimental data on hematology and serum chemistry of feline Fusarium 

mycotoxicosis 

 

Table A1 Blood serum biochemical electrolyte profile, average blood component values for control and 

contaminated diets taken on day 0, N=4 

Minerals Day 0
 

Day 21
 

Reference Interval 

Ca (mmol/L)   2.22-2.78 

Control   2.75 2.62  

Contaminated  2.71 2.52  

P  (mmol/L)   0.80-2.29 

Control  2.87 3.05  

Contaminated  2.83 2.83  

Mg  (mmol/L)   0.80-1.10 

Control  1.05 1.00  

Contaminated  1.05 1.03  

K  (mmol/L)   3.6-5.2 

Control  4.88 5.40  

Contaminated  5.36 5.15  

Cl  (mmol/L)   114-123 

Control  114.25 111.50  

Contaminated  116.00 111.75  

CO2  (mmol/L)   14-21 

Control  15.25 15.00  

Contaminated   15.5 18.00  

Anion Gap  (mmol/L)   15-26 

Control   31.50 27.25  

Contaminated  29.50 24.50  

Na:K ratio   30-41 

Control  32.25 27.50  

Contaminated  29.00 29.25  
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Table A2 Serum biochemical protein profile, average blood component values for control and 

contaminated diets taken on day 0, N=4 

Proteins Day 0
 

Day 21
 

Reference Level 

Total Protein (g/L)   60-82 

Control  57.25 54.25  

Contaminated  56.75 52.25  

Albumin (g/L)   30-44 

Control  34.50 35.75  

Contaminated  34.50 34.25  

Globulin (g/L)   23-42 

Control  22.73 18.50  

Contaminated  22.25 18.00  

A:G Ratio   0.7-1.4 

Control  1.53 1.93  

Contaminated  1.55 1.91  

 

 

Table A3 Serum biochemical profile blood parameters, average blood component values for control and 

contaminated diets taken on day 0, N=4 

 Day 0
 

Day 21
 

Reference Levels 

Urea (mmol/L)   6.0-12.0 

Control  10.6 10.43  

Contaminated  8.75 8.53  

Creatine (mmol/L)    50-190 

Control  58.75 56.00  

Contaminated  49.50 62.00  

Glucose (mmol/L)   4.4-7.7 

Control  7.13 5.48  

Contaminated  5.58 5.63  

Cholesterol (mmol/L)   2.00-12.00 

Control  3.27 2.84  

Contaminated  3.44 2.97  

Total Bilirubin (mmol/L)   0-3 

Control  1.25 0.75  

Contaminated  1.50 1.00  

Conjugated Bilirubin 

(mmol/L) 

  0-1 

Control 0 0  

Contaminated  0 0  

Free Bilirubin (mmol/L)   0-3 

Control 1.25 0.75  

Contaminated 1.50 1.00  

Calculated Osmolarity 

(mmol/L) 

   

Control 317.50 301.50  

Contaminated 313.75 300.75  
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Table A4 Serum biochemical enzymes, average blood component values for control and contaminated 

diets taken on day 0, N=4 

Enzymes Day 0
 

Day 21
 

Reference Level 

Alkaline Phosphatase 

(U/L) 

  12-60 

Control 122.75 143.00  

Contaminated 189.25 170.25  

GGT  (U/L)   0-6 

Control 1 1.00  

Contaminated 0 0.50  

ALT (U/L)   31-105 

Control 51.50 39.50  

Contaminated 62.25 52.25  

CK (U/L)   94-449 

Control 2254.00 1590.25  

Contaminated 2000.25 1195.75  

Amylase (U/L)   482-1145 

Control 796.25 746.50  

Contaminated 708.25 700.75  

Lipase (U/L)   12-32 

Control 11.15 13.75  

Contaminated 19.0 24.00  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



77 
 

Table A5 Compete blood count parameters, average blood component values for control and 

contaminated diets taken on day 0, N=4 

Serum Chemistry Day 0
 

Day 21
 

Reference Level 

WBC/L   4.2-13 x 10
9
 

Control 19.1 x 10
9
 10.7 x 10

9 
 

Contaminated  14.4 x 10
9
 11.7 x 10

9
  

RBC/L   6.2-10.6 x 10
9
 

Control 8.9 x 10
9
 7.7 x 10

9
  

Contaminated 9 x 10
9
 7.9 x 10

9
  

Hb (g/L)   93-153 

Control 118 104.8  

Contaminated 115 101.8  

HCT (L/L)    0.28-0.49 

Control 0.4 0.3  

Contaminated 0.4 0.3  

MCV (fL)   39-52 

Control 39.8 40.8  

Contaminated 40.3 38.5  

MCH (pG)   13-17 

Control 13.3 13.5  

Contaminated 13.0 13.3  

MCHC (g/L)   317-350 

Control 332.5 338.8  

Contaminated 321.0 337.8  

RDW (%)   14-17 

Control 20.1 17.7  

Contaminated 18.6 16.3  

Platelets /L   93-514 x 10
9
 

Control 74.5 x 10
9
 47.5 x 10

9
  

Contaminated 62.5 x 10
9
 51.8 x 10

9
  

MPV (fL)   8-21 

Control 10.8 11.1  

Contaminated 15.4 11.4  

T.S Protein (g/L)   60-80 

Control 60 56.0  

Contaminated 58.8 53.5  

Seg Neutrophil Count /L   2.1-8.3 x 10
9
 

Control 9.3 x 10
9
 9.3 x 10

9
  

Contaminated 6.2 x 10
9
 6.2 x 10

9
  

Lymphocyte Count /L   1.1-8.1 x 10
9
 

Control 7.1 x 10
9
 4.1 x 10

9
  

Contaminated 6.9 x 10
9
 5.8 x 10

9
  

Eosinophil Count /L   0.0-0.5 x 10
9
 

Control 1.5 x 10
9
 0.6 x 10

9
  

Contaminated 0.9 x 10
9
 0.7 x 10

9
  

 


