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Abstract:

Commercial dry food (CDF) for dogs is a whole grain ration thoroughly mixed and die-cut
with heat and pressure to give it the shape of kibble. CDF is formulated with several agro-
industrial ingredients and by-products of agricultural and livestock origin. Contamination by
Aspergillus flavus and aflatoxins (AFs) in foods has been shown to be a global problem that
causes harm to human and animal health. The objective was to evaluate the presence of
fungal microbiota and contamination by AFs in CDF. A random sample (n=77) of marketed
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CDF was selected in Aguascalientes, Mexico. The samples were processed and cultured by
serial dilutions, obtaining monosporic isolates, which were characterized morphologically,
toxigenically (HPLC), and molecularly (PCR). The concentration of AFs in CDF was
quantified by HPLC. Fungal growth was observed in 53.2 % of CDF, and 7.8 % exceeded
the maximum permissible limit (MPL=10° CFU/g). The genera Aspergillus, Penicillium,
Cladosporium, Mucor, Alternaria, and Fusarium were found (69.4, 12.9, 9.4, 4.7, 1.7, and
1.1 %, respectively). All CDF samples showed contamination by AFs (14.8 + 0.3 pg/kg), and
11.8 % exceeded the MPL (20.0 pg/kg) suggested by the regulations; contamination was
significantly associated (P<0.05) with some ingredients used, CDF moisture, and inclusion
of fungicides and sequestrants. The results obtained suggest that the CDF manufacturing
process does not wholly eliminate contamination by fungi or by the AFs present in the
ingredients used for its formulation; consequently, these remain in the finished product,
putting at risk the health of dogs and the efficacy of the food chain.
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Introduction

Commercial dry food (CDF) for dogs is a whole grain ration thoroughly mixed and die-cut
by heat and pressure in the shape of kibble; it is composed of several agro-industrial products
and by-products of agricultural and livestock origin, so they are important as a frequent
output from agro-industrial supply chains®™. In Mexico, the use of CDF has become popular
to achieve the integration of dogs into the urban lifestyle; also, several brands of CDF have
proliferated to meet the variety of nutritional needs of these pets, according to their activity,
breed, age, and some special conditions®. In Mexico, the National Council of Manufacturers
of Balanced Feed and Animal Nutrition registers 22 factories that produce 1.3 thousand
tonnes of CDF annually®, which is complemented by an abundant offer of international
brands®.

In the manufacture of CDF, agro-industrial products, and by-products of different
bromatological compositions are incorporated to comply with its nutritional design®. The
nutritional and sanitary quality of these ingredients is transferred to the final formulation, so
it has been pointed out that CDF presents risks of contamination by various pathogens, such
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as mycotoxigenic fungi®®. Fungal contamination occurs at multiple stages of the production

of plant ingredients, such as flowering, harvesting, processing, or storage of cereals; in

addition to the permanence of metabolic residues of mycotoxins in meat, dairy products, and
(9-11)

eggs® .

The toxigenic fungal genera found in the ingredients for CDF formulation are Aspergillus
spp., Penicillium spp., and Fusarium spp.t?4, Likewise, the mycotoxins frequently found
in food ingredients are aflatoxins (AFs)*?13), The presence of AFs represents a risk factor
for animal health and economic losses for agribusiness because it reduces the nutritional
value of the food product®®,

The poisoning of dogs by AFs causes hemodynamic, digestive, and nervous alterations, as
well as changes in the biochemistry and clotting ability of the blood; which are especially
sensitive to AFs because they have a reduced activity of the enzyme glutathione S transferase
(GST), essential for the detoxification pathway of xenobiotics“®. Although there are no
specific maximum permissible limits (MPLs) for AFs in the CDF for dogs®, the MPLs
established for foods intended for other domestic animals have been suggested to be used®?,
especially the guidelines indicated by the Codex Alimentarius or by the European
Community (20.0 or 5.0 ng/kg, respectively)®"®,

Reports of outbreaks of clinical forms due to AFs poisoning in dogs are scarce, but their
geographical distribution is very diverse: North America, Latin America, Asia, and
Africa®2Y, This coincides with a worldwide distribution of toxigenic fungi both in CDF and
in the ingredients with which they are made®?29. In addition, the way CDF is dispensed, in
generally large bags or sacks, allows the increase in the concentration of AFs, because the
dog must ingest all the content that is in each bag, but the fungal spores and toxins are
resistant to the manufacturing process®. In summary, the presence of toxigenic fungi and
their toxins can be considered a severe problem for the dog to adequately perform its
zootechnical function as a companion, guardian, or sports animal. In addition, national and
international agribusiness must carry out better strategies to reduce fungal contamination and
its mycotoxins in CDFs. Therefore, this study aimed to evaluate the presence of fungal
microbiota and contamination by AFs in the CDF for dogs.
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Material and methods

Study design

The study was conducted in Aguascalientes, Mexico (22°27'35 - 21°37'20" N; 101°50'07" -
102°52'27" W). The climate is semi-dry with an average annual temperature of 18 °C, with
an average rainfall of 526 mm, and the main rainy season in summer®4. A list of shopping
centers, pet stores, veterinarians, and grocery stores that sold CDF was obtained, and a visit
was made to get information on the brands and types in the establishments. A total of 145
types of CDF (Table 1) were found, which were considered as a sampling frame. The sample
size was calculated in 58 types of CDF using the following formula to estimate proportions
in a finite population®®):
NZ’pq
TNz + Z%pq

Where: n= sample size (58); N= population size (145 types of CDF); Z= standard normal
distribution value (1.96); p= prevalence or expected proportion of contamination with
Aspergillus spp. or with AFs in the CDF, a proportion value P= 0.5 was used, g= 1-p; d=
desired precision (maximum error= 0.10).

Table 1: Characteristics of commercial dry dog food marketed in central Mexico
Supply Sampling Protein  Moisture Fiber Price

Type of (N) () (WN%) (min.  (max.%) (max. *US$/kg+(SE)
food 0

%0) %)
Origin
National 120 64 53.3 24.0 11.0 4.0 3.9° +0.24
International 25 13 520 26.0 11.0 4.0 5.92+0.92
Commercial classification
Standard 87 52 59.8 22.0 12.0 5.0 2.6°+0.17
Premium 58 25 431 27.0 11.0 4.0 7.7+ 0.37
Prescription (Age)
Puppy 55 27 49.1 27.0 11.0 4.0 5.1+ 0.45
Adult 90 50 55.6 22.0 11.0 4.0 3.7°+0.30
Prescription (Size)
General 72 43 59.7 22.0 12.0 5.0 2.28+0.10
Specific 73 34 46.6 26.0 11.0 4.0 6.82 £ 0.39
Total 145 77 53.1

*Price in reference US dollars (www.banxico.org.mx: January 2020).
3 Means with different literal show significant differences (P<0.05).
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The selection of samples was performed using the snowball sampling technique®®, for which
the establishments were visited successively in alphabetical order, and samples of CDF sold
were acquired. The purchase of the CDF was suspended when the same types that had been
previously acquired were found in three successive stores. Finally, 77 different types of CDF
were purchased (Table 1).

The type of CDF was classified according to the prescription (age and size) and commercial
identification (standard and premium) declared by the manufacturer. The composition of the
CDFs was recorded from the nutritional information reported by the manufacturer to identify
the ingredients used. The CDFs were classified by the presence or absence of cereals,
oilseeds, vegetable oil, legumes, tubers, animal by-products, fungicides, and ingredients with
sequestering capacity and type of CDF.

Sample handling

The samples were dried in an oven with forced air circulation and pulverized (500-800 pum)
in a universal continuous mill and stored inside sealed bags in refrigeration (4-5 °C) until
processing (<2 wk).

The fungal isolation was performed using the direct plating technique with serial dilution for
the count of fungal colonies in the CDF. Samples were diluted (10, 102, 1073, and 10*#) and
seedings were performed on rose bengal agar + chloramphenicol and Czapek. The incubation
period in the dark was 27-30 °C for 7 d®”. Preparations of fungal colonies were made with
cotton blue staining using lactophenol to observe microscopic characteristics®®. The isolates
were identified with macroscopic and microscopic morphological characteristics®39),

Molecular analysis

Genomic DNA was extracted from monosporic isolates consistent with the morphology of
A. flavus using previously standardized methods®Y. The (1 %) agarose gel electrophoresis
technique was used to verify the quality of the DNA obtained. DNA samples were deposited
in the gel with loading buffer (Platinum Il Green PCR Buffer 5X Thermo Fisher Scientific,
Waltham, MA, USA) to place them in the electrophoretic chamber with loading buffer (TAE
1X, 95 volts, 40 min). The resulting bands were observed in an image documenter (GEL
DOC XR, BIO-RAD Molecular Image CA, USA) with the Quantity One software (version
4.6.7.).
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Polymerase chain reaction (PCR) was performed to amplify genomic DNA fragments in the
region of internal transcribed spacers (ITS1-5.8S-1TS2- rRNA), calmodulin gene (CaM), and
the primer gene of the aflatoxin biosynthetic pathway (aflR) following previously described
protocols®?®®,  The  following  primers  were used for ITS1: 5-
TCCGTAGGTGAACCTGCGG-3"; ITS4: 5°-TCCTCCGCTTATTGATATG -3"; CMDAT-

F: 5-GCCAAAATCTTCATCCGTAG-3; CMDAB8-R: 5-
ATTTCGTTCAGAATGCCAGG-3; afIR-F: 5-
GGGATAGCTGTACGAGTTGTGCCAG-3'; afIR-R: 5-

TGGKGCCGACTCGAGGAAYGGGT-3" (Thermo Fisher Scientific, Waltham, MA, USA).
The enzyme Tag-polymerase (Platinum Green Hot Start PCR 2X Master Mix, Thermo Fisher
Scientific) was used for amplification, and amplification reactions were performed in a
thermal cycler (Labnet, Multigene, USA). The amplification protocol was introduced for the
ITS1-5.8S-1ITS2 RNAr region using a denaturation period of 3 min at 94 °C, followed by 35
cycles (denaturation at 94 °C/1 min, annealing at 54 °C/1 min and extension at 72 °C/1 min)
and with a final extension of 9 min at 72 °C. The conditions for amplification of the CaM
gene were with a denaturation period, a cycle of 1 min/94 °C followed by 30 cycles (1
min/94 °C, for annealing 1 min/53 °C and for extension 1 min/72 °C) and a final extension
period of 10 min at 72 °C was added. Likewise, for the amplification of the afIR gene, a pre-
denaturation period of 1 min at 94 °C was used, followed by 35 cycles (denaturation at
94 °C/1 min, annealing 63 °C/1 min, and extension 72 °C/1 min) and with a final extension
of 10 min at 72 °C. The quality of the PCR products (ITS, CaM, and aflR) was verified by
the 1 % agarose gel electrophoresis technique. A ladder with a marker of molecular weight
(1.0 pL, 100 bp DNA ladder, 0.5 pg/uL. No. 15628019/15628050. Invitrogen DNA Ladder)
together with 1.0 pL of the buffer (BlueJuice Gel Loading Buffer 10X) were included. The
size in base pair (bp) of the amplicon for molecular identification was: ITS, 600-800; Calm,
468 and aflR, 796. The bands were visualized in the image documenter using the Quantity
One software (version 4.6.7.). PCR products were purified with the ExoSAP-IT PCR Product
Cleanup reagent (Affymetrix, Thermo Fisher Scientific Inc. Santa Clara, California, USA).

Mycotoxin quantification

The guantification of the concentration of AFs was performed in duplicate according to the
AOAC official method 990.33%%. The content of AFs was extracted using solid phase tubes
(SPE; SupelcleanTM LC-18 SPE tube, Sigma-Aldrich, USA), methanol:water, acetic acid,
tetrahydrofuran (THF), and hexane. Trifluoroacetic acid-derived extracts were injected into
an HPLC system with a fluorescence detector (Varian Pro Star binary pump; FP detector
2020, Varian Associates Inc., Victoria, Australia), C18 column and column protector (LC-
18 and LC-18; Thermo Fisher Scientific, Waltham, MA, USA). AFs estimates were obtained
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with the help of a software (Galaxie Ver. 1.9.302.530), and concentrations were calculated
using standard curves of purified AFs (Sigma Aldrich, St. Louis, MO, USA).

The following mycotoxins were also quantified in the CDF: zearalenone (ZEA), ochratoxin
(OTA), fumonisins (FUM), and deoxynivalenol (DON) by indirect ELISA analysis®
(Ridascreen Fast: Zearalenon R5502, Fumonisin R5602, Ochratoxin A R5402,
Deoxynivalenol R5902, R-Biopharm, Germany).

Statistical analysis

Data were analyzed using a normality test with the Kolmogorov-Smirnov method at a 95 %
confidence level. The comparison of the sample means for each variable was performed by
means of the Tukey test (HSD) with a statistical software (Statgraphics Centurion, version
16.1.03). To identify the risk of exceeding the MPL established for the concentration of AFs,
the Chi-square test (%) of the probability ratio or odds ratio (OR) was performed, calculating
the portion of CDF that exceeded the MPL for the concentration of AFs and that was exposed
to a specific factor (formulation with the inclusion of cereals, oilseeds, vegetable oil,
legumes, tubers, by-products of animal origin, fungicides and ingredients with sequestering
capacity and type of CDF) divided by the portion of CDF that exceeded the MPL for the
concentration of AFs but was not exposed to that specific factor. A probability level of
P<0.05 was considered in all analyses.

Results

Most CDF acquired (82.8 %) were manufactured by national manufacturers, while 17.2 %
were made by international commercial brands (Table 1). More than half of the CDF samples
(41/77= 53.2 %) had fungal contamination, while 7.8 % (6/77) contained a fungal
concentration above the maximum recommended levels (108 CFU/g). Eighty-five (85)
purified fungal isolates were obtained, which showed morphological characteristics
corresponding to the following main toxigenic genera (Figure 1): Aspergillus spp. (69.4 %),
Fusarium spp. (1.1 %) and Penicillium spp. (12.9 %). lIsolates with morphology
corresponding to the genera Cladosporium spp., Mucor spp., and Alternaria spp. (9.4, 4.7,
and 1.7 %, respectively) were also identified. Of the isolates of Aspergillus spp., 40.7 %
(24/59) corresponded to the morphology of A. flavus®®; 75.0 % (18/24) of the A. flavus
isolates demonstrated in vitro the capacity to produce aflatoxins (9.8 + 0.64 pg/kg in 7 d) and
also expressed the CaM and afIR genes and the ITS region (Figure 2) by PCR analysis.
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Figure 1: Macroscopic and microscopic morphological structure (40x) of monosporic
isolates. Panels: A) Aspergillus spp., B) Fusarium spp., C) Penicillium spp., D) Aspergillus
spp., E) Fusarium spp., and F) Penicillium spp.

Figure 2: 1 % agarose gel electrophoresis of PCR products
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Panel A: amplification of the internal transcribed spacer (ITS) region. Panel B: amplification of Calmodulin
(Calm). Panel C: amplification of the primer gene of the aflatoxin biosynthetic pathway (aflR). First lane:
100-2000 base pair molecular weight marker; C1-C18: isolates of Aspergillus flavus.

All CDF samples showed detectable concentrations of AFs (Figure 3). The frequency of AFs
concentration showed a normal approximation (P=0.14); the minimum concentration was 8.6
ug/kg and the maximum concentration was 22.2 ug/kg; a mean concentration of 14.8 = 0.3
pg/kg was estimated, with a 95.0 % confidence interval of 14.2-15.4 pg/kg. It was also
detected that approximately one in ten (11.8 %) of the CDF analyzed exceeded the MPL of
AFs recommended by most legislations of American countries for the use of cereals (20.0
ng/kg)®, while all the CDF exceeded the European recommendations (5.0 pg/kg)“®).
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Concentrations of OTA, FUM, and DON were below detection limits; while the estimated
concentrations of ZEA (228 + 13.8 pg/kg) in no case exceeded the MPL (400 pg/kg)
suggested to regulate this mycotoxin®,

Figure 3: Frequency of the concentration of aflatoxins (AFs) in commercial dry dog food
in central Mexico
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MPL= maximum permissible limit (MPL): Americas (20 pg/kg); European Union (5.0 pg/kg).

In this study, no significant difference (P>0.05) was observed between the concentration of
AFs and the general characteristics of the CDF, such as origin, commercial classification
(standard or premium), or prescription by age or size of the dog; nor was any statistical
association detected that would allow these characteristics to be identified as risk factors that
generate concentrations above the MPL (Table 2).
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Table 2: Association between commercial dry dog food characteristics and aflatoxin
concentration

Mean +SE >MPL P value
Type of food (n) (Lg/kg) (%) o) OR
Origin
National 64 15.02 +0.32 125 0.49 1.71
International 13 13.9% +0.61 7.7
Commercial classification
Standard 52 15.12 +0.34 115 0.93 0.95
Premium 25 14.22 +0.50 120
Prescription (age)
Puppy 27 15.0° +0.48 185 0.05 2.6
Adult 50 14.72 +0.35 8.2
Prescription (size)
General 43 15.32 +0.38 14.0 0.32 1.7
Specific 34 1422 +0.42 8.8

SE= standard error; MPL= maximum permissible limit (20 ug/kg); P(x?)= Chi-square; OR= odds ratio.
® Means with different literal show significant differences (P<0.05).

The average concentration of AFs in the CDF presented significant differences associated
with the characteristics of the CDF and with the ingredients used. The CDF with moisture
higher than 10 % showed an estimated concentration of AFs significantly higher (P<0.05)
than that in CDF containing lower moisture. It was also detected that there was a significant
three times higher risk (OR y? P<0.05) of finding concentrations above the MPL in those
CDF that registered moisture greater than 10 % (Table 3) in relation to the CDF that had
moisture less than 10 %. Although it was also detected that there was a higher risk for CDF
that contained a higher concentration of protein, fat, and ash (>22, >12, and >7 %,
respectively) in their formulation, the statistical association was not significant (P>0.05).
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Table 3: Association between bromatological analysis of commercial dry dog food and
aflatoxin concentration
Mean +SE >MPL P value

Characteristic (n) (ug/kg) (%) 02 OR
Relative moisture

>10% 31 17.42 +0.36 19.4 0.01 34
<10% 46 13.0 +029 6.5

Protein

>22% 47 14.92 +0.36 14.9 0.12 2.5
<22% 30 14.72 +0.46 6.7

Fat

>12% 22 14,92 +0.53 18.2 0.11 2.2
<12% 55 14.82 +0.34 9.1

NFE

Present 47 14.42 +0.52 12.8 0.78 1.1
Absent 107  15.0% +0.34 11.2

Fiber

>4% 30 15.22 +0.46 13.3 0.61 1.3
<4% a7 14.52 +0.36 10.6

Ash

>7% 38 15.52 +0.40 15.8 0.11 2.3
<7% 39 15.18 +0.39 7.7

SE= standard error; MPL= maximum permissible limit (20 ug/kg); P(x?)= Chi-square; OR= odds ratio; NFE=
nitrogen-free extract.
® Means with different literal show significant differences (P<0.05).

The average concentration of AFs in the CDF that contained wheat was significantly higher
(P<0.05) compared to the estimated concentration of AFs in the CDF that did not use this
ingredient (Table 4). Nevertheless, when calculating the risk of exceeding the MPL, there
was no significant association (P>0.05) between the proportion of CDF that contained wheat
and those that did not include it in their formulation. No significant difference (P>0.05) was
observed between the AFs concentration means in the presence or absence of any by-product
of animal origin in the CDF. However, a significant association (P<0.05, %) was detected in
the proportion of CDF that exceeded the MPL among the CDF that presented fishmeal and
fish oil in their formulation, compared to those that did not; therefore, the risk (OR) of finding
concentrations above the MPL was three times higher than in the CDF that registered absence
of the ingredients. All the samples purchased used meat and bone meal in the formulation of
CDF, so no association with these ingredients could be established.
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Table 4: Association between aflatoxin concentration and the inclusion of agro-industrial
foods and by-products in commercial dry dog food
Mean +SE >MPL P value

Ingredient (n) (ug/ka) (%) 62 OR
Wheat

Present 47 1552 +0.35 128 0.60 1.3
Absent 30 13.8° +044 100

Barley

Present 22 1552 +053 182 0.11 2.2
Absent 55 1452 +0.33 9.1

Corn

Present 55  15.0° +034 9.1 0.11 0.45
Absent 22 14.32 +053 18.2

Rice

Present 38 15.22 +040 132 0.57 14
Absent 39 14.42 +040 103

Oilseeds

Present 27 15.1° +0.48 14.8 0.37 1.6
Absent 50 14.62 +0.35 10.0

Vegetable oil

Present 38 14.82 +0.41 13.2 0.57 1.3
Absent 39 1482 +0.40 10.3

Legumes

Present 49 14.82 +0.36 12.2 0.77 1.1
Absent 28 14.8? +0.47 10.7

Tubers

Present 45 1492 +0.37 13.3 0.45 1.5
Absent 32 14.7° +0.44 94

Egg and milk

Present 27 15.1° +0.48 18.5 0.05 2.6
Absent 50 14.72 +0.35 8.0

Fishmeal and fish oil

Present 31 1532 +0.45 19.4 0.01 3.4
Absent 46 1452 +0.37 6.5

SE= standard error; MPL= maximum permissible limit (20 ug/kg); P(x?)= Chi-square; OR= odds ratio.
b Means with different literal show significant differences (P<0.05).

CDF that contained fungicides or mycotoxin mineral sequestering agents showed
significantly lower mean AFs concentration (P<0.05) compared to the estimated
concentration of AFs in CDFs where these additives were not included (Table 5). In addition,
a significant protective association (P<0.05, x%) was detected when comparing the proportion
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of CDF that exceeded the MPL but did not include these components and those that did add
them to their formulation, so the risk (OR) of presenting concentrations above the MPL was
lower than in the CDF that included fungicides or sequestering agents.

Table 5: Association between the inclusion of fungicides and sequestering agents with the
concentration of aflatoxins in commercial dry dog food
Mean £SE >MPL P value

Ingredient (n) (1a/kg) (%) 02 OR
Fungicides

Present 46  13.52 +033 6.5 0.01 0.29
Absent 31 167° +£040 194

Organic adsorbents

Present 43 1477 +0.38 9.3 0.30 0.59
Absent 34 14.9° +043 147

Mineral sequestrants

Present 43  13.9° +0.36 7.0 0.04 0.35
Absent 34 159°  +041 177

SE= standard error; MPL= maximum permissible limit; P(y%)= Chi-square; OR= odds ratio.
® Means with different literal show significant differences (P<0.05).

Discussion

Commercial dry food or kibble has represented an important market for various industries
that produce food for dogs incorporated into the urban lifestyle®. As in other products of
agricultural and animal origin, contamination by fungal microbiota and mycotoxins is
virtually inevitable®?. The present study detected contamination by toxigenic Aspergillus
flavus in one third (18/77= 31.2 %) of a random sample of CDF, as well as a detectable
concentration of aflatoxins in all samples; in addition, 11.8 % of the CDF exceeded the
maximum permissible limit of AFs (20.0 ug/kg) suggested by the regulations®. This finding
has not been previously reported in Mexico and contamination by AFs puts at risk the health
of dogs and the proper performance of their zootechnical function (company, guard, work,
etc.) for which they are raised®. Likewise, it economically affects the agro-industrial
branches that provide the ingredients by altering the safety of the product and deteriorating
its economic and nutritional value®.

In this study, it was found that CDF had low to moderate concentrations of other mycotoxins.
The levels of OTA, FUM and DON were estimated to be below the detection limits. The
concentration of ZEA reached concentrations close to half (57.0 %) the maximum
permissible level used in European countries that regulate this mycotoxin (400 ug/kg)®®;
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however, this finding of absence of significant concentrations of mycotoxins other than AFs
does not guarantee that these contaminants could not be present in other circumstances,
because mycotoxins are common contaminants in cereals that are used as common
ingredients in the manufacture of dog food®?; this suggests that CDF manufacturing should
be properly managed due to the severity of mycotoxin contamination®®),

Although the information on the presence of A. flavus and AFs in various ingredients in
human food is extensive, studies of contamination in CDF are scarce, despite being
formulated with similar ingredients®. In this study, Aspergillus spp. was the genus detected
most frequently (69.4 %) in CDF, which agrees with several authors21439 who identified
the same fungal genera contaminating CDF for dogs in other countries. In the present study,
fungal microbiota was found in 53.2 % of the samples, and 7.8 % exceeded the maximum
concentration of fungi (10° CFU/g) suggested as the maximum permissible®®. The
confirmation of the identity of isolates with the morphology of A. flavus was achieved by
amplification of genes and gene regions (ITS, CaM, and afIR), which has been proposed as
a default barcode for the identification of these fungi with the capacity to produce AFs®142),
These findings suggest that the persistence of active forms of fungi with toxigenic capacity
means an additional risk since if the usual processes of kibble production are not able to
destroy the fungal microbiota, when the environmental conditions (water activity and
temperature) change due to the opening of the bags where the finished product is stored, the
spores and sclerotia of A. flavus can give rise to new vegetative forms capable of using food
substrates, producing aflatoxins and increasing the pre-existing concentration in CDF*®, In
addition, the usual amount of CDF contained in the bag is sufficient for a duration of several
days or weeks in which the dog has to consume all the material, regardless of its quality and
safety™4),

In this study, a significant association was found between some characteristics of CDF and
the detected concentration of AFs, which was reinforced by the estimation of the increase in
the risk of exceeding the MPL. Especially relative moisture above 10 % showed three times
more risk of presenting concentrations above the MPL compared to foods with a lower
relative moisture (Table 3). This finding coincides with other studies that report that the
activity of water present in the food matrix is a relevant factor for the expression of genes
regulating the AFs biosynthesis pathway“®. Therefore, if the substrate contains more
moisture or is rehydrated during storage, AFs concentrations may increase®. This result
could be attributed to the fact that the extruded raw material for the formulation of CDF
presents in the initial stage of the process an excess of relative moisture content (20-25 %),
and although it is reduced by drying to low levels (8-12 %), only the growth of the vegetative
forms of the fungal microbiota is inhibited, but its spores and mycotoxins produced within
the processed material remain stable®®),
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The results of this study also showed that there was greater contamination by AFs in the
presence of some ingredients used in the manufacture of the food. The CDFs that contained
wheat or fishmeal and fish oil had higher concentrations of AFs or a higher risk of exceeding
the MPL. In the case of cereals, contamination has been attributed to crop exposure at various
stages of production (flowering, harvesting, transport, processing, or storage)”). These
ingredients are widely used as a source of carbohydrates, fiber, proteins, fats, minerals, and
vitamins“®; on the other hand, fishmeal and fish oil are products resulting from the
processing of whole fish or by-products (cooking, pressing, dehydration and milling) and
constitute a source of protein that is rich in fatty acids of high nutritional value
(eicosapentaenoic acid, docosahexaenoic acid, and omega-3 acid)*®. These ingredients are
included in formulas because of their low cost and because they maintain an acceptable
nutritional value for the dog’s physiology, in addition, their inclusion does not affect the
palatability and digestibility of nutrients®®. This suggests that AFs contamination may be
common in CDF with the presence of cereals or fish by-products®®5Y). Therefore, the quality
of these ingredients should be guaranteed, and proper handling and effective process
management of the finished product should be carried out to ensure protection against
contamination by AFs®?,

The results of this study showed that CDF that included fungicides or mineral sequestrants
in their formulation had both a lower mean concentration of AFs and a lower percentage of
AFs above the MPL (P<0.05) compared to those that did not, which suggest a protective
association of these agents against the risk of AFs contamination higher than the MPL. This
finding suggests that the use of fungicidal and sequestering agents is a helpful method to
reduce the toxic effects of AFs, since fungicides have an inhibitory effect on fungal growth
by acidifying their cytoplasmic content®®; while mineral sequestrants exert their protective
association through B-dicarbonyl chemisorption of AFs, which reduces their bioavailability
through gastrointestinal absorption®45%),

Surprisingly, in this study, no association (P>0.05) was found between the concentration of
AFs or the proportion that exceeded the MPL suggested by the regulations (Table 2) against
some characteristics considered as evidence of quality by users (premium foods, international
origin, or higher price). This suggests that consumer confidence is based on criteria other
than the safety of CDF, such as marketing diffusion, supposed association between quality
and price, palatability, or appearance.
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Conclusions and implications

In the present study, considerable contamination by toxigenic Aspergillus flavus was
detected, as well as a significant concentration of aflatoxins in all samples collected in a
random and representative sampling of commercial dry dog food. These findings suggest that
the health of dogs and the proper development of their zootechnical function are at risk, and
it could also affect the agro-industrial branches that provide this food since the safety of the
product is altered, and its economic and nutritional value deteriorates. The results of the study
indicated that some bromatological characteristics and the formulation used in the
preparation of CDF generated a greater risk of contamination by fungi and mycotoxins; it
follows that there is a need to design and implement more effective strategies to verify the
safety of ingredients and processes used in the manufacture of CDF. In addition, the
establishment of maximum permissible levels of AFs specific for CDF and research on
prolonged exposure of dogs to low concentrations of mycotoxins should be encouraged.
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