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Abstract
Introduction: The Aflatoxin contamination in dog food poses a serious health threat for dogs and it affects pet 

food industry, veterinarians and owners. Pets that are long-lived and healthy consumers contribute to sales, so any 
reduction in product quality has an effect on profits or even a company’s survival. Pet food safety is the responsibility 
of the pet food industry. 

Aims: To determine the type and amount of aflatoxins in 29 samples of dry food and 24 brands of canned food 
for dogs. 

Methodology: The chemical extraction method used immunoaffinity columns with antibodies for total aflatoxins, 
and the quantification was performed with liquid chromatography and fluorescence detection.  The method was 
validated, so the results were considered to be reliable once the recovery percentage was applied. 

Results and Discussion: With respect to dry food, the average Aflatoxins (µg kg-1) contamination was AFB1 
(1.6), B2 (0.1), AFG1 (28.2), AFG2 (1.3), AFM1 (1.8), AFM2 (0.2), P1 (1.7), Aflatoxicol (28.6), and Total aflatoxins (59.1), 
and the average of dry food samples was 7.9 µg kg-1 total aflatoxins. Canned food contained AFB1 (14.2), AFB2 (2.3), 
AFG1 (60.4), AFG2 (4.5), AFM1 (2.1), AFM2 (4.6), AFP1 (18.4), AFL (13.1), and AFt (119.5), and the average of all of 
the samples was 15.3 µg kg-1. According to statistical analysis, significant differences (p-value) between dry food 
and canned food were observed for AFB1 (p<0.001) and AFL (p<0.001). Canned food was more contaminated than 
dry food.

Conclusion: Aflatoxins are common carcinogens of food for dog. The dry food croquettes for dogs had 51.6% 
less aflatoxins, with an average of 7.9 µg kg-1 total aflatoxins, under the tolerable legal limit, and the canned food, more 
contaminated (15.3 µg kg-1), and surpassed the tolerable limit for Codex Alimentarius. The addition of hydroxylated 
metabolites gaves the true ingestion measure of Aflatoxins. 
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Abbreviations: %=Percentage; % CV=Variation coefficient 
percentage; < LOD=Below limit of detection; >LOD=Above limit 
of detection; °C=Centigrades; ACN=Acetonitrile; AFB1=Aflatoxin 
B1; AFB2=Aflatoxin B2; AFG1=Aflatoxin G1; AFG2=Aflatoxin G2; 
AFL=Aflatoxicol; AFM1=Aflatoxin M1; AFM2=Aflatoxin M2; 
AFP1=Aflatoxin P1; AFt=Total aflatoxins; ATF=trifluoroacetic 
acid; b1=Value of the slope; bo=Ordinate to origin;  CF=AF spiked 
concentration; CA=AF spiked concentration in the spiked sample; 
CU=basal AF concentration in a non-spiked sample; g (s)=Gram (s); 

HPLC=High Performance Liquid chromatography; HPLC-FL=High 
Performance Liquid chromatography and Fluorescence; H2Od=distilled 
water; IAC=Immuno Affinity Columns; IC(β)=Confidence interval 
for the slope to origin; LOD=Limits of Detection; LOQ=Limits of 
Quantification; MeOH=Methanol; min=minute; mL , mL-1= milliliter; 
mg=Milligrams; mm=Millimeters; MO=Missouri; NaCl=Sodium 
chloride; ng=Nanograms; nm= Nanometers;  OH=Hydroxyl; % 
CV=Coefficient percentage; % R=Recovery percentage;  PBS=Phosphate 
buffered saline; pH=Hydrogen potential; R2= Coefficient determination; 
rpm=Revolutions per minute; RT =Retention time; SD=Standard 
deviation; Sy/x=Standard deviation of the regression; µL=microliters; 
µg=micrograms; UV=Ultraviolet; v/v=Volume to volume; 
WI=Wisconsin; μg kg-1=Micrograms per kilogram; μg L-1=Micrograms 
per liter; μL=Microliters; μL=Microliters

Introduction
 Dog (Canis familiaris) domestication began 15,000 yrs ago in Asia. 
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The ancient evidence of dog domestication is a mandible dated 12,000 
years ago that was discovered in a cave in Iraq [1]. The dog was thought 
to have evolved from a mixture of a wolf and jackal, but according to 
modern anatomic, genetic and behavioral evidence, modern scientists 
agree that the dog exclusively derived from the grey wolf (Canis lupus) 
[2]. Dogs evolved into 350 different breeds in a mutually beneficial 
relationship with humans [3]. Pets are often regarded as family members 
by their owners, and a person may develop strong relationships with 
animals throughout his or her lifetime. Pet interactions and ownership 
have been associated with both emotional and physical health benefits 
[4,5]. Dogs and cats continue to be the most popular pets and are found 
in at least one out of every three US households, which creates a large 
market for the pet food industry [6]. The lifespan of small breeds is 
shorter, although some survive longer due to artificial selection [7]. The 
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and so on, can contaminate the ingredients used to make industrialized 
food for pets [42].  

AFs cause liver diseases, hemorrhages, immunosuppression and 
vomiting [51]. These mycotoxins are mutagenic and carcinogenic. Dogs 
exposed to 0.5-1 mg AFs/kg of body weight die in days from vomiting, 
depression, polydipsia, polyuria and hepatitis [52]. Anorexia, lethargy, 
jaundice, disseminated intravascular coagulation and death have been 
described in dogs that have ingested between 0.05-0.3 mg AF/kg of 
food within 6-8 weeks [53]. Dogs ingest aflatoxins because balanced 
food generally contains contaminated cereals [54]. 

Nutrients in balanced food for dogs

Nutrition is fundamental for dog’s health, and scientific knowledge 
of the requirements, digestion, composition, nutrient profiles, and 
metabolism guides adequate food formulations for dogs and pets [55]. 
Dogs require different types of nutrients to survive: amino acids from 
proteins, fatty acids, carbohydrates, vitamins, minerals and water [56].

Dry food for dogs contains between 6-12% humidity and >88% 
dry matter. Among their ingredients are cereals; meat derivatives 
of bovines, pigs, poultry or fish; dairy products; and supplemental 
vitamins and minerals [57]. All of these ingredients are susceptible to 
aflatoxin contamination, especially dairy products; viscera, such as the 
liver; cereals, especially maize; and so on. 

A summary of the global balance of food production (954 million 
tons) in 2012 ranked 134 countries. China was the lead producer, with 
198.3 million tons; the USA produced 168.460 million tons as the 
second-leading producer; and Brazil was the third leading producer. 
Asia (356), Europe (207), the USA and Canada (188), Latin America 
(137), the Middle East and Africa (56), other (10) and Mexico produced 
28.536 million tons [58].

There is no regulatory legislation for the minimum specifications for 
puppy food, so industries use the norms of international organizations, 
such as the National Research Council (NRC) and American Association 
of Feed Control Officials (AAFCO), to determine the nutritional needs 
of animals. The nutritional guidelines have been previously reported 
[59]. The AF content is not considered in the industrialization of dog 
food, so the purpose of this study is to determine the amount and type 
of AFs in dog foods and the meaning of their presence for canine health. 

Methods and Materials
Sampling

Dry and canned food samples from Mexico City markets and the 
metropolitan area were purchase from October 22, 2014, to January 10, 
2015 (Table 1).

Chemical extraction of AF 

Fifty grams of samples from both presentations, dry and canned 
food, were independently blended (Waring ETL laboratory blender 
7010S model WF 2211214, Torrington, CT, USA) with 100 mL of 
a mixture of methanol: H2Od  (80:20 v/v) and two grams of NaCl to 
clarify food from the two presentations. The blended mixtures were 
centrifuged (ALC 4235 cool working system) at 4300 rpm for 15 min, 
and the supernatant was retained. Two milliliters of the supernatant was 

lifespan of dogs is approximately 12 yrs, although some have lived up to 
20 yrs [8]. Adult dogs are more affected by degenerative diseases related 
to age and breed. Large dogs experience fast growth, which makes them 
susceptible to cancer, but small breeds can also suffer from cancer and 
cardiac diseases [9].

One out of every 3 dogs dies due to cancer, and the breeds with 
the highest risk of cancer and their life expectancies ages are Boxers 
(10.5 yrs), Golden Retrievers (12 yrs), Rottweilers (10 yrs) and Bernese 
Mountain Dogs (8 yrs).

Dogs with a high risk of developing cancer are Boston Terriers (13 
yrs), English Bulldogs (8 yrs), Scottish Terriers (13 yrs) and English 
Cocker Spaniels (12 yrs).  

Dogs with a medium risk of developing cancer are Irish Setters 
(12 yrs), Schnauzers (Standard 12 yr; Miniature 15 yrs), Labrador 
Retrievers (12½ yrs) and mixed breeds.

Dogs with a low risk of developing cancer are Beagles (13 yrs), 
Poodles (Standard 12 yrs; Miniature 15 yrs), Collies (12 yrs) and 
Dachshunds (15.5 yrs). These life spans can be related to aflatoxin (AF) 
contamination of dog food and the amount ingested by the different 
breeds [9]. 

Aflatoxins 

Aflatoxins (AFs) are secondary metabolites that chemically 
correspond to a bisdihydrodifuran or tetrahydrobisfuran bound to a 
coumarin substituted by a cyclopentanone or lactone [10-12]. AFs are 
divided into two subgroups that produce blue or green fluorescence 
[11,13,14]. AFs are produced by molds and do not affect fungal growth 
or reproduction, but can intoxicate animals and humans [15]. The 
physicochemical properties of AFs are well known [16-19] (Table 1) 
(Figure 1). 

Aflatoxins are the most important mycotoxins in food at the 
worldwide scale [20-22]. Not all molds produce aflatoxins. The main 
AF-producing fungi are Aspergillus flavus [23-26], A. parasiticus [27-
34], and A. nomius [35,36], but not all strains of these species. Other 
fungi have this property as well [37-39]. These mycotoxicogenic molds 
are distributed worldwide in warm, tropical, subtropical and temperate 
climates with high humidity. Only Aflatoxin B1 (AFB1), Aflatoxin B2 
(AFB2), Aflatoxin G1 (AFG1) and Aflatoxin G2 (AFG2) are naturally 
synthesized by toxigenic fungi. The other AFs (M1, M2, P1, Q1, G2a, B2a) 
and Aflatoxicol (AFL) are hydroxylated metabolites and are products of 
microbial or animal metabolism [14, 40-43].  

Aflatoxins can be produced before or after harvest in many foods 
that contain cereal grains, oil seeds, edible nuts and spices [44]. The 
most toxic and important AF is AFB1 [45], which can synthesize AFB2, 
AFG1 and AFG2 [46]. The other AFs are called hydroxylated metabolites, 
which are products of animal or microbial metabolism. These include 
AFM1 [47], AFM2 [48], which is biotransformed from AFB2, AFP1, 
AFQ1, AFG2a, AFB2a, and AFL [49,50], which is a very toxic metabolite 
formed by the selective reduction of a cyclopentancarbonile from 
AFB1. When AFB1 is ingested, the liver reduces its toxicity by adding a 
hydroxyl group, forming hydroxylated metabolites to make AFs soluble 
in water to facilitate their excretion by milk, feces, urine, biliary salts, 
and so on.  All AFs in cereals and other vegetable ingredients, as well as 
their hydroxylated metabolites present in dairy products, meats, eggs, 
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dissolved in 14 mL of Phosphate Buffered Saline (PBS) at 7.4 pH, and 
this mixture was slowly passed individually over an immunoaffinity 
column (Easi-Extract R-Biopharm Rhône LTD, UK) for total aflatoxins 
(AFt). The column was washed with 20 mL of H2Od and eluted by 
gravity with 1.5 mL of pure HPLC methanol, followed by 1.5 mL of 
H2Od with reflux. Three milliliters of the eluate was received in an 
amber vial and dried in an oven (Novatech BTC 9100, Houston Texas, 
USA) at 40ºC. Next, 200 µL of the eluate was derivatized to increase its 
fluorescence, and 60 µL of the eluate was finally injected in triplicate for 
quantification using liquid chromatography with fluorescence detection 
(HPLC-FL). The physicochemical properties of aflatoxins required for 
quantification have been reported [16].

Derivatization

Derivatization is a process used to increase the AF fluorescence of 
samples or standards to generate calibration curves to transform AFB1 
and AFG1, which are not very fluorescent, into their highly fluorescent 
hemiacetals, AFB2a and AFG2a. AFB2 and AFG2, are fluorescent, do not 
undergo any transformation reactions during derivatization and are not 
affected by this reaction due to their saturated structure [40,60,61].

The dried eluate was resuspended in 200 µL of acetonitrile (ACN), 
and 800 µL of a previously prepared derivatizing solution with 5 mL of 
trifluoroacetic acid (ATF) (Sigma-Aldrich, St. Louis MO, USA), 2.5 mL 
of glacial acetic acid (Merck, Naucalpan, Edo. Mex., México) and 17.5 
mL of deionized water were added, and the mixture was shaken (Vortex 
G-560, Bohemia, NY, USA) for 30 sec. 

The amber vials were placed in a steam water bath at 65°C for 10 
min [40,60]. Later, at room temperature, 200 µL of the mixture was 
applied in an insert, and 60 µL of the mixture was injected in a liquid 
chromatograph with a 20 µL loop in triplicate for quantification by 
HPLC with fluorescence (HPLC-FL).

Liquid chromatography conditions 

The chromatographic system used was an Agilent Series 1200 
HPLC (Agilent Technologies, Inc., USA) and consisted of an isocratic 
pump (Model G1310A), fluorescence detector (Model G1310A Series 
DE62957044, Agilent Technologies, Inc., USA) set to an excitation 
wavelength from 357-360 nm and an emission maximum of 450 nm, 
and autosampler (G1329A Series DE64761666). The chromatography 
column used was a VDS Optilab VDSpher 100 C18–E 5 µm 250 x 4.6 
mm maintained at room temperature (22°C) with a mobile phase of 
water:ACN:methanol (65:15:20 v/v/v) that was degasified for 30 min by 
vacuum filtration and added at a flux of 1.0 mL min-1. 

Validation of the extraction method

Validation of the analytical methods and analyses of the dog food 
samples were performed using known parameters [62-64].  Validation 
of the method assured that the equipment was calibrated and working 
properly [65]. For validation, the following criteria were considered: the 
linearity of the calibration curves, Limits of Detection (LOD), Limits of 
Quantification (LOQ) and recovery percentage. 

Linearity of the system (calibration curves)

The linearity of the system is the capacity of the analytical method 
to obtain results that are directly proportional to the concentration 
of the analyte (AF) in a defined range. The linearity of the system is 
obtained through a mathematical treatment of the obtained results in 

the analyte analysis. The range selection and number of experimental 
points are related to the method of application [64]. A parameter is the 
coefficient of determination (R2), which should be near 1 [66].

Solutions with different concentrations of the eight AFs were 
prepared from a 1000 ng (=1 µg mL-1) AF stock. The 0.25 mg AFM 
standards were diluted with benzene: acetonitrile (98:2 v/v) according to 
a previously reported methodology [67] to prevent the decomposition 
of pure AFs. 

a. The spectrophotometer (Genesys 10 UV Thermo Electron 
Corporation; Madison, WI, USA) was calibrated before the experiments 
to measure the absorbance of the AF standard solutions from 357-360 
nm. 

b. The following formula was applied to calculate 1000 ng stock 
solutions of each AF concentration [67]: 	  

AF (µg mL-1) = absorbance × molecular weight × 1000 × correction 
factor of the equipment 

extinction coefficient.

c. Twelve concentrations (0.01, 0.05, 0.1, 0.5, 1, 2, 4, 8, 16, 32, 64 
and 128 ng) of the 8 different AFs were independently created from the 
1000 ng stock solution. These standard dilutions were then used to plot 
the analytic signal (the area below the curve of each chromatographic 
peak) against the AF concentrations. The curve equation and statistical 
parameters were obtained. The slope value (b1), ordinate to origin (bo), 
determination coefficient (R2), confidence interval for the slope to origin 
(IC(β)), variation coefficient percentage (%CV), Standard Deviation 
(SD), Limits of Detection (LOD) and Limits of Quantification (LOQ) 
were calculated using Excel 2003. 

Limits of Detection (LOD) and Quantification (LOQ)

The LOD of the equipment was established in relation to the noise 
in the chromatogram. The LOD equals the AFM1 concentration that 
demonstrates a signal that is three times greater than the noise. The 
LOQ equals the AFM1 concentration that is 10 times greater than the 
noise [68]. To calculate the LOD, the following equation was used:                                                                                                    

LOD = 3.3 x S(y/x)

b1

The LOQ was calculated using the following equation:

LOQ = 10 x S(y/x)

b1,

where S(y/x) is the standard deviation of the regression and b1 is the 
value of the slope [68]. 

Recovery percentages

The recovery percentage is a measure of the accuracy of the method 
and expresses the proximity between the theoretical and experimental 
values. The recovery percentage is the percentage of difference between 
the average concentration of AF (analyte) from a spiked sample and the 
concentration measured in the sample with no spiking divided between 
the spiked concentration [62]. 

% R=[(CF-CU)/CA] x 100

where % R is the recovery percentage,  CF is the spiked and basal AF 
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concentration, CU is the basal AF concentration in a non-spiked sample, 
and CA is the AF spiked concentration in the spiked sample [62].

 The arithmetic average, standard deviation, percentage of variation 
coefficient and confidence interval were calculated. To obtain accurate 
measurements, the AFs of the samples of dog food in 1 g of dried food 
diluted in PBS (1:4 v/v) were individually spiked with three different 
concentrations (5, 20 and 40 μg kg-1) of the eight individual AF 
standards (AFB1, AFB2, AFG1, AFG2, AFM1, AFM2, and AFP1) and AFL. 
One aliquot without spiked AF was used as the control, which gave the 

basal contamination level. The samples were individually processed 
using the R-Biopharm extraction method [69]. The AFs were purified 
and concentrated using an IAC, derivatized, and quantified by HPLC-
FL, and the percentage of recovery for each AF was obtained. After the 
derivatization mixture was cooled to room temperature, triplicates of 
each sample (60 μL) were injected onto the HPLC-FL. 

Statistical analysis

We compared the levels of aflatoxins in dry food and canned food for 
dogs using a t-test with different variances to test the equality of means. 

Aflatoxin LOD (ng g-1) RT Range in min R2

AFB1 0.5 7.085-8.849 0.9986
AFB2 0.05 17.452-20.228 0.9817
AFG1 0.5 7.681 -9.541 0.9898
AFG2 0.5 11.215-14.513 0.9946
AFM1 0.1 8.514-8.769 0.9834
AFM2 0.05 20.208-22.447 0.9946
AFP1 0.05 15.563-19.318 0.9960
AFL 0.01 3.032-5.569 0.9978

LOD=Limit of detection, RT=Retention time in min, R2=Coefficient of determination of aflatoxin standards.
Table 3: Validation of the extraction method. 

Sample
Aflatoxins (μg kg-1) in dry food for dogs

AFB1 AFB2 AFG1 AFG2 AFM1 AFM2 AFP1 AFL AFt Average per 
sample

1 2.2 0 110.9 2.1 0 0 1.1 24.8 141.1 17.6
2 0 0 54.4 2.0 4.2 0 1.0 25.7 87.3 10.9
3 2.2 0 105.0 2.6 6.1 4.0 1.4 41.6 162.9 20.4
4 5.0 <LOD 5.8 1.2 0 0 1.2 25.3 38.5 4.8
5 1.4 0 20.3 0.5 0 0 0.2 16.3 38.7 4.8
6 <LOD 0 8 .4 2.7 0 0 0.7 29.4 41.2 5.2
7 1.9 <LOD 28.7 1.1 5.5 <LOD 0.6 26.5 64.3 8.0
8 <LOD 0 <LOD 0 <LOD 0 0.6 20.4 21.0 2.6
9 5.5 0 12.6 1.7 0 0 0.9 20.6 41.3 5.2

10 <LOD 0 9.7 1.0 0 0 0.6 17.7 29.0 3.6
11 1.0 <LOD 28.8 5.3 7.2 0 1.8 30.3 74.4 9.3
12 <LOD 0 0 0 2.3 0 0.7 22.5 25.5 3.2
13 1.7 0 11.8 <LOD 3.9 0 0.9 22.2 40.5 5.1
14 0 0 0 1.7 0 0 0.5 29.9 32.1 4.0
15 2.3 0.2 53.5 3.8 1.4 0 15.7 33.0 109.9 13.7
16 0 0 12.3 2.5 7.0 0 1.2 25.6 48.6 6.1
17 <LOD 0 23.3 1.4 6.3 0 1.0 26.4 58.4 7.3
18 0 0 5.8 0.7 2.7 0 1.6 19.5 30.3 3.8
19 3.6 0 30.0 0.6 0 0 0.8 19.8 54.8 6.9
20 2.0 0 13.1 0.5 0 0 1.6 19.1 36.3 4.5
21 2.1 0 79.1 0.5 0 0 1.1 19.9 102.7 12.8
22 3.4 0.1 91.1 1.7 0 0 2.0 38.5 136.8 17.1
23 9.5 0 34.3 1.3 0 0 0.8 22.5 68.4 8.6
24 0 0 6.5 0.8 0 0 1.9 141.4 150.6 18.8
25 <LOD 0 11.9 <LOD 0 0 1.3 26.9 40.1 5.0
26 2.5 0 53.8 0.8 0 0.8 2.0 32.0 91.9 11.5
27 0.9 0 0 0.8 1.1 <LOD 1.7 20.5 25.0 3.1
28 0 <LOD 7.4 0.6 2.4 0.8 0.8 0.8 12.8 1.6
29 0 2.6 0 0.6 1.4 1.0 0.9 28.8 35.3 4.4

Average 1.6 0.1 28.2 1.3 1.8 0.2 1.7 28.6 59.1 7.9

AFB1=Aflatoxin B1, AFB2=Aflatoxin B2, AFG1=Aflatoxin G1, AFG2=Aflatoxin G2, AFM1=Aflatoxin M1, AFM2=Aflatoxin M2, AFP1=Aflatoxin P1, AFL=aflatoxicol, AFt=Total 
aflatoxins. 
< LOD=Below Limit of Detection, >LOD=Above Limit of Detection

Table 4: Aflatoxin (μg kg-1) types in dry food (croquettes) for dogs.
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For each product (dry and canned food), we performed a Kruskal-Wallis 
analysis to determine the differences of the concentrations of AFB1, 
AFB2, AFB1, AFG2, AFM1, AFM2, AFP1 and AFL among the samples. If 
statistically significant differences were found, we performed pairwise 
Wilcoxon Rank sum tests to determine where the differences were.

The general purpose of this study was to determine the AF 
concentrations of  industrialized food for dogs through validation of 
the method of extraction and quantification of the basic AFs (AFB1, 
AFB2, AFG1, AFG2) and their hydroxylated metabolites (AFM1, AFM2, 
AFP1 and AFL). 

Results and Discussion
Sampling

All of the ingredients of dry food, (Table 1) and canned dog food 
(Table 2) were obtained and analyzed, and the ingredients were divided 

between AF risk or AF protective ingredients. The validation of the 
method is presented in Table 3. After quantifying the AFs (Tables 4 
and 5), the ingredients explained the contamination and amount of AF 
discovered.  Among the AF risk ingredients of dog food are cereals, 
such as corn and rice, and leguminosae, such as soybean, which are 
frequently contaminated with AFs. Artificial pigments pose a cancer 
risk [70]. Red (40), Yellow (5), and Yellow (6) have been found to be 
contaminated with benzidine or other carcinogens. At least four dyes; 
Blue (1), Red (40), Yellow (5), and Yellow (6) cause hypersensitivity 
reactions. Numerous microbiological and rodent studies of Yellow (5) 
were positive for genotoxicity. Toxicity tests performed on two dyes; 
Citrus Red (2) and Orange B also suggest safety concerns, but Citrus 
Red (2) is used at low levels and only in some Florida oranges and 
Orange B has not been used for several years [70]. All dog food contains 
derivatives from all types of meat, and viscera, such as the liver, are 

Samples
Aflatoxin average (μg kg-1) in canned feed for dog. Averageper 

sampleAFB1 AFB2 AFG1 AFG2 AFM1 AFM2 AFP1 AFL AFt
30 0 0 0 0 2.4 0 1.1 19.1 22.6 2.8
31 0 0 <LOD 0 0 0 0.7 37.3 38.0 4.8
32 0 0 0.7 0 0 0 1.3 35.8 37.8 4.7
33 <LOD 0 0 0.7 0 0 1.9 34.8 37.4 4.7
34 <LOD 0 0 0 0 0 1 27.3 28.3 3.5
35 <LOD 0 0 0 0 0 0.2 20.5 20.7 2.6
36 <LOD 0 0 0 0 0 0.4 27.3 28.1 3.5
37 0 0 0 0 0 0 0.2 35.8 36.0 4.5
38 0 21.9 0 16.8 0 27.9 133.7 0 200.3 25.0
39 0 22.9 0 0 0 21.3 27.5 0 71.7 9.0
40 <LOD 4.5 0 2.7 0 49.6 192.5 0 249.3 31.2
41 0 0 0 <LOD 0 6 0.7 0 6.7 0.8
42 2.7 0.3 77.3 21.5 9.7 0.6 30.1 0 142.2 17.8
43 11.4 <LOD 196.5 21.4 4.9 0.3 <LOD 0 234.5 29.3
44 20.9 0 374.5 11.0 0 0 0.7 0 407.1 50.9
45 32.5 2 38.2 6.3 0 1.6 47.0 5.3 132.9 16.6
46 21.8 0 87.3 2.5 9.1 0 0 1.6 122.2 15.3
47 27.0 0 74.0 0.6 9.6 0 0 0 111.2 13.9
48 16.6 3.9 134.6 1.0 0 0 0 4.8 160.9 20.1
49 3.8 0 154 5.6 9.7 0 0.6 0 173.7 21.7
50 144.2 <LOD 169.4 16.6 0 0 0.2 0 330.4 41.3
51 28.9 0 89.2 0 0 1.2 2.1 11.6 133.0 16.6
52 18.9 0 26.2 0.8 0 0 <LOD 38.5 84.5 10.6
53 13.1 0 27 0 4.7 0.6 0.3 13.6 59.3 7.4

Average 14.2 2.3 60.4 4.5 2.1 4.6 18.4 13.1 119.5 15.3

AFB1=Aflatoxin B1, AFB2=Aflatoxin B2, AFG1=Aflatoxin G1, AFG2=Aflatoxin G2, AFM1=Aflatoxin M1, AFM2=Aflatoxin M2, AFP1=Aflatoxin P1, AFL=aflatoxicol, AFt=Total 
aflatoxins.

Table 5: Type and concentration of aflatoxins (μg kg-1) in canned feed for dogs.

Aflatoxins (μg kg-1)
AFB1 AFB2 AFG1 AFG2 AFM1 AFM2 AFP1 AFL AFt Average

Canned food (higher contamination)
14.2 2.3 60.4 4.5 2.1 4.6 18.4 13.1 119.5 15.3

Croquettes (less contamination)
1.6 0.1 28.2 1.3 1.8 0.2 1.7 28.6a 59.1 7.9

Different contamination in food presentation
12.6  2.2 32.2 3.2 0.3 4.4 16.7 - 15.5b 640.4 7.4

a=Only case where dry food was more contaminated with AFL than canned food, there was more biotransformation of basic aflatoxins to the AFL hydroxylate metabolite. 
b=Only difference between dry food with more AFL hydroxylate biotransformation than canned food with less AFL.

Table 6: Average of Aflatoxins (μg kg-1) in croquettes and canned food for dogs.
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usually contaminated with AFs [71].  Aflatoxins can be present in milk 
from dairy cows, meat from swine or chicken, and eggs if the animals 
consume sufficient amounts AF-contaminated feed [72]. To estimate 
the risk associated with mycotoxin exposure, we needed to determine 
the dose a pet could consume in food on a daily basis for their entire 
life with no adverse effect (i.e., NOAEL) [73]. The effects of mycotoxins 
on pets are severe and can lead to death. In 1952, a case of hepatitis 
in dogs was directly linked to the consumption of moldy food [74]. 
Following the discovery of AF, the agent responsible for the 1952 case 
was identified as AFB1 [75] and the symptoms of aflatoxicoses in dogs 
were also elucidated [75,76].

Among the protective ingredients used against AFs are maize gluten, 
which controls AFs [77]; hydrated sodium calcium aluminosilicate 
[78]; prebiotic yeast [79]; probiotic bacteria [80]; ascorbic acid [81];  
linolenic acid [82]; glucomannans [83]; vitamins and minerals [84]; 
Yucca schidigera [85]; antioxidants, including phenols and butylated 
hydroxytoluene (BHT) [86]; ethoxyquin [87];  sodium bisulphyte [88]; 
sodium propionate [89]; and flax seed omega 3 and 6 [90].

Dry food is the main product of the pet food industry and is used 
because of its storage and feeding convenience. Dry foods are protected 

against spoilage due to their low water content. The resulting extruded 
material has a moisture content of approximately 25% before drying and 
a final moisture content of 8-10% after drying. At this level of moisture, 
mold formation is inhibited [91-93].  Thermal inactivation processes 
are not sufficient to control the pre-formed aflatoxins in the ingredients. 
Mycotoxins are chemically and thermally stable, so commonly used 
food manufacturing techniques do not destroy them [53,94]. Aflatoxins 
are stable up to their melting point of approximately 250ºC and are not 
destroyed completely by boiling water, autoclaving, or a variety of food 
and feed processing procedures [95,96].

Validation of the chemical method

The linearity (calibration curves) of the AFs and hydroxylated 
metabolites (AFB1, AFB2, AFG1, AFG2, AFM1, AFM2, AFP1 and AFL), 
limit of detection, coefficient of determination and percent of recovery 
were obtained, so the method was considered to be validated (Table 3). 

Aflatoxin contamination

The results in dry food are presented (Table 4), with an AFt average 
of 7.9 ng g-1, and in the canned food (Table 5), an AFt average of 15.3 ng 
g-1 was determined. A comparison of the average AFs is shown in Table 
6, with canned food being more contaminated than dry foods, except in 
regard to AFL, for which dry food was more contaminated.

Conclusion
In the comparison analysis of the levels of AFB1 and AFL in dry food 
and canned food for dogs, there was a significant difference in the 
t-test and p-values. The results are shown in the Table 7. For AFB1, 
AFG1, AFG2, AFM2 and AFP1, the levels found in canned food were 
significantly greater than those found in dry food, whereas for AFL, the 
result was the opposite. Although companies add control ingredients to 
reduce AFs, some AFs still remain.  

Figure 1: Chemical structures of the different types of Aflatoxin.
 

Aflatoxin t-test p-value
AFB1 -4.7899 < 0.001
AFB2 -1.9009 0.061
AFG1 -2.3187 0.023
AFG2 -3.2517 0.002
AFM1 -0.3676 0.714
AFM2 -2.5625 0.013
AFP1 -2.6663 0.009
AFL 5.4426 < 0.001

Table 7: Aflatoxin t-test and p-value statistics for differences of croquettes and 
canned food for dogs.
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For the aflatoxin t-test and p-value, significant differences between 
dry food and canned food only appeared in respect to AFB1 and AFL 
(Table 7).

For each type of food, dry and canned, Kruskal-Wallis analysis was 
performed. The values of the statistics and their significant values were 
significantly different for AFB1, AFG2 and AFL (Table 8).

For dry food, we found differences in AFB2, AFG1, AFG2, AFM2 
and AFL.  

We conclude that the chemical method of analysis was validated, 
so the results were reliable once the recovery percentage was applied. 
Canned food was more contaminated than the dry food, so the amount 
of water must play and important role.  

Aflatoxin contamination in dog food poses a serious health 
problem for dogs and affects the entire pet food industry. Long-lived, 
healthy consumers (pets) cannot avoid aflatoxin contamination of 
their food, and breakdowns in product quality can have catastrophic 
effects on a company’s profits or even its viability. Pet food safety is the 
responsibility of the pet food industry. 
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