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ABSTRACT

  In the field of pet nutrition, the administration of complete feeds has 
proven to be effective. Dry complete feeds are often used for dogs, which 
may contain cereals among other ingredients. Cereals can be a risky in-
gredient due to the potential presence of mycotoxins. This work was aimed 
at determining the concentrations of deoxynivalenol and zearalenone in 
14 samples of dry feeds for young and adult dogs obtained from different 
vendors. Through ELISA analysis, we found that deoxynivalenol was not 
found in the examined feeds in concentrations higher than the detection 
limit of the used kit (˂ 0.2 mg/kg; ppm) and zearalenone was found in 10 
samples (2 samples of generic dog food, 2 samples of popular dog food and 
6 samples of premium dog food) in concentrations below the detection 
limit of the test (˂ 5 µm/kg; ppb).  In 4 samples of premium dog food, 
zearalenone was present at concentrations 21.799 ppb, 69.187 ppb, 96.745 
ppb, and 163.463 ppb. 
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INTRODUCTION

The dog has always been considered man’s best friend. 
Every responsible owner should, among other things, 
think about providing quality nutrition for their four-leg-
ged companion. The dog is a monogastric animal, and, 
like other animal species, it needs nutrients to ensure all 
processes take place in the body. According to the physio-
logical effect, nutrients can be divided into building blocks 
(proteins and some minerals), consumables (carbohydrates 

and fats), and replacements (water and minerals). Due to 
the influence of humans and the process of domestication, 
dogs have become omnivores, but they share some similar 
nutritional features with cats, such as the lack of salivary 
amylase, a short gastrointestinal tract, and the inability to 
synthesize vitamin D [1].

Unlike cats, dogs have 3 genes (AMY2B, MGAM and 
SGLT1) involved in starch digestion and glucose absorp-
tion, which evolved during domestication [2]. Cats do not 
have these genes and are generally unable to digest fiber 
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efficiently [1]. Another characteristic of the canine diges-
tive system is that they can synthesize several essential 
nutrients, such as niacin, taurine, and arginine [3]. As for 
cats, they can catabolize and use amino acids as an energy 
source for gluconeogenesis [4].  

Feed components of animal and plant origin are used in 
dog nutrition. Cereals such as corn, rice, sorghum, wheat, 
oats, barley, and others are mainly used as a source of car-
bohydrates in feed [5]. Plant components in food, espe-
cially the aforementioned cereals, can provide a breeding 
ground for the growth and development of microscopic 
filamentous fungi and their secondary metabolites, myco-
toxins. The most common mycotoxins that can occur in 
cereals and other forages are deoxynivalenol and zearale-
none [6].  

Deoxynivalenol, also known as vomitoxin, is a type 
B trichothecene and epoxy-sesquiterpenoid produced pri-
marily by the microscopic fungus Fusarium graminearum. 
It was first isolated from moldy barley grains and chemi-
cally described in 1970 [7]. It is soluble in water, ethanol, 
acetonitrile, and other polar solvents and is stable at high 
temperatures and low pH [8]. Deoxynivalenol is a natural 
toxicant that can negatively affect the health of animals. 
It has been reported that dogs with deoxynivalenol poi-
soning show similar clinical signs to pigs (vomiting, food 
refusal, and associated weight loss) [9]. Songsermsakul 
et al. (2007) describe, in addition to the negative impact 
of deoxynivalenol on the gastrointestinal tract of dogs, 
its immunosuppressive effects [10]. Consumption of feed 
contaminated with this trichothecene can lead to impaired 
immune resistance to pathogens in dogs, as well as to re-
activation of chronic infections [11]. 

Zearalenone is one of the most important Fusarium 
mycotoxins. It is produced by several species, including 
F. graminearum, F. culmorum, F. cereals, and F. equiseti.  

This non-steroidal oestrogenic mycotoxin is mainly found 
in corn, wheat, oats, and barley and its production depends 
on cool temperatures and high humidity [12]. Zearalenone 
is a thermostable compound that does not degrade during 
the processing of feed materials and feed, even at high 
temperatures [13]. Female dogs are particularly sensitive 
to estrogens, and elevated concentrations of endogenous 
and/or exogenous hormones also may increase the risk 
of other systemic disorders [14]. After entering the body, 
zearalenone can cause acute vulvovaginitis, estrous cycle 
disorders, and impaired fertility [15].

According to EFSA (European Food Safety Author-
ity) dogs are considered sensitive to zearalenone. Based 
on myometrium and endometrium lesions, enlargement 
and atrophy of uterine glands, blood haematology and 
biochemistry, the lowest observed adverse effect level 
(LOAEL) of 25 µg/kg body weight per day has been es-
timated for mature bitches [16]. As the presence of deox-
ynivalenol and zearalenone cannot be completely avoided, 
guidelines have been developed in the EU for maximum 
levels of mycotoxins in compound feed for various ani-
mals, including dogs (Table 1) [17].

The aim of this work was to determine deoxynivalenol 
and zearalenone in 14 samples of dry food for adult dogs 
using ELISA immunoassay.

MATERIALS AND METHODS

Samples
A total of 14 samples of dry dog ​​food in the form of 

granules were examined. The samples were obtained from 
various commercial and specialized sellers and were in-
tended for feeding young and adult dogs. The samples 
were divided into three categories: generic, popular, and 

Table 1. Reference values of deoxynivalenol and zearalenone in products for animal animals feeding

Mycotoxins Products intended for animal feeding Guidance value in mg.kg-1 (ppm) relative to a feed with  
a moisture content of 12 %

Deoxynivalenol Compound feed for:
pigs
calves (˂ 4 months), lambs, kids and dogs
other animals

0.9
2
5

Zearalenone Compound feed for:
piglets, gilts, puppies, kittens, dogs and cats for reproduction
adult dogs and cats other than for reproduction
sows and fattening pigs
calves, dairy cattle, sheep (including lambs) and goats (including kids)

0.1
0.2

0.25
0.5

Source: Commission Recommendation (2016/1319) [17]
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premium. The generic feed group included samples of 
feed that did not bear the name of the manufacturer and 
were marketed locally or regionally. The second category, 
so-called popular feeds, included samples of feed sold in 
grocery store chains. The third category included premium 
feeds from specialized sellers. 

Preparation of samples for deoxynivalenol determination
Representative samples (500 g each) were stored in a 

cool, dry, and dark place until analysis. Sample processing 
was carried out as follows: 100 ml of distilled water was 
added to 5 g of ground and homogenized sample. Then, 
a 3-minute shaking was performed, followed by filtration 
of the extracts through Whatman filter paper No. 1 (Cy-
tiva, Kent, UK). 50 µl of the filtrates were used for the 
quantitative determination of deoxynivalenol according to 
the RIDASCREEN FAST DON protocol, quantitative test 
(R-Biopharm AG, Darmstadt, Germany).

ELISA analysis
The principle of the test is an antigen-antibody reaction. 

The wells in the microtiter strips are coated with capture 
antibodies directed against anti-aflatoxin antibodies. Stand-
ards (0 ppm; 0.222 ppm; 0.666 ppm, 2 ppm, 6 ppm), sample 
solutions, deoxynivalenol-enzyme conjugate, and anti-de-
oxynivalenol antibodies were added to the wells. Free and 
enzyme-conjugated aflatoxin compete for the binding sites 
of deoxynivalenol antibodies (competitive enzyme immu-
noassay). At the same time, antibodies against deoxyniva-
lenol are bound by immobilized capture antibodies. Any 
unbound enzyme conjugate is then removed in a washing 
step using washing solution. Substrate/chromogen solution 
is added to the wells and incubated for 5 minutes in the dark. 
The bound enzyme conjugate converts the chromogen to a 
blue product. The addition of stopping solution results in 
a color change from blue to yellow. Measurement is per-
formed photometrically at 450 nm, using an ELISA reader 
(Dynex Technologies, Inc., Chantilly, USA) where the ab-
sorbance is inversely proportional to the concentration of 
deoxynivalenol in the sample.

Preparation of samples for zearalenone determination
The analysis was performed using a commercial Ver-

atox for zearalenone kit (Neogen Corporation, USA). The 
sample preparation procedure was as follows: 70 % metha-
nol in amount of 25 ml was added to 5 g of ground sample. 

The samples were shaken for 3 minutes on an orbital shak-
er (Orbital Shaker – Biosan) and filtered through Whatman 
1 filter paper. Filtrates were diluted with distilled water in 
a ratio of 1:5. 50 µl of diluted samples were used for the 
quantitative determination of zearalenone using an ELISA 
immunoassay.

ELISA analysis
The principle of ELISA analysis in the case of sam-

ples examined for the presence of zearalenone is the same 
as for the determination of deoxynivalenol. The standard 
solutions used in analysis contained zearalenone in the fol-
lowing concentrations: 0 ppb, 25 ppb, 75 ppb, 150 ppb, 
and 500 ppb. The resulting zearalenone concentrations 
(ppb; µg/kg) were read at the absorbance of 650 nm and 
were evaluated using an ELISA reader (Dynex Technolo-
gies, Inc., Virginia, USA). 

RESULTS

Results of the quantitative determination of deoxyniva-
lenol and zearalenone in samples of dry food for adult dogs 
are presented in Table 2. Concentrations of deoxynivalenol 
were below the detection limit of the test used (< 0.2 mg/
kg; ppm) in all examined samples. Zearalenone was pres-
ent in samples of generic and popular dry dog food sam-
ples below the detection limit of the test (˂ 5 ppb; µg/kg), 
and in 4 samples of premium dog food was zearalenone 
determined at concentrations of 21.799 ppb, 69.187 ppb, 
96.745 ppb, and 163.463 ppb. In the remaining 6 samples 
of premium dog foods, the concentration was below the 
detection limit of the kit (˂ 5 ppb; µg/kg). It should be 
noted that none of the examined samples exceeded the rec-
ommended limits for deoxynivalenol (2 mg/kg; ppm) and 
zearalenone (0.2 mg/kg; ppm) in dog food as recommend-
ed by the Commission Recommendation (EU) 2016/1319 
(Table 1). 

DISCUSSION

A healthy and balanced diet using high-quality and safe 
ingredients is a modern phenomenon, not only in human 
nutrition but also in animal nutrition. Attention is also be-
ing paid to the nutrition of companion animals, which are 
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sometimes considered family members. Dogs spend sev-
eral years with us, so it is important to address the issue of 
the health safety of the food we offer them. Although dogs 
have no special requirements for carbohydrates, most feed 
manufacturers take advantage of dogs’ ability to digest 
cereals and provide various types of cereals (corn, rice, 
wheat, barley, or sorghum, as well as cereal by-products) 
as a cheap source of energy. The proportion of these cere-
als in the feed formula can be up to 70 %, usually between 
30 and 50 % [5]. The presence of cereals also brings with 
it the risk of various mycotoxins. Studies have shown that 
wheat contaminated with the mycotoxin deoxynivalenol is 
toxic even after 4 years of storage [18].

In our samples of dry dog ​​food from various commer-
cial and specialist suppliers, we did not detect deoxyni-
valenol in concentrations higher than the detection limit 
of the kit used (˂ 0.2 mg/kg; ppm). Concentrations of 
zearalenone were in 10 samples of dry dog food below 
the detection limit (˂ 5 ppb) and in 4 samples of premi-
um dog food zearalenone  was determined at concentra-
tions ranging from 21.799 ppb to 163.463 ppb. Of the total 
number of 76 samples of dry dog ​​food tested in Austria 
by ELISA, deoxynivalenol was present in 74 samples (97 
%), and the maximum value of deoxynivalenol was > 250 
µg/kg [19].  Seventy-six samples of dry dog ​​food from 27 
manufacturers were similarly purchased from retail stores, 
supermarkets, and specialist pet food stores. In addition to 
deoxynivalenol, Böhm et al. (2010) also detected the pres-
ence of zearalenone in the above-mentioned samples. Zea-
ralenone was detected in 36 of the 76 samples examined 
(47 %) and maximum concentration of zearalenone was 
298 µg/kg [19]. A similar study was conducted in Spain in 
2020, where 60 samples of dry dog foods were examined 
(34 popular foods and 26 samples of premium foods), and 
100 % of deoxynivalenol was detected in both cases. The 
authors also point out that in addition to deoxynivalenol, 
other mycotoxins such as aflatoxins, T2-toxin, ochratox-
in A, fumonisins, and zearalenone were also found in the 
examined samples. Zearalenone was present in all premi-

um foods (100 %) and in 88.2 % of supermarket foods 
in Spain in the above-mentioned samples. However, they 
point out that the examined feeds should not pose a risk of 
acute health complications in the form of mycotoxicoses 
for dogs [20].  In the past, studies have confirmed that dogs 
fed feed containing deoxynivalenol at 4.5 mg/kg of feed 
refuse food due to the reaction of the digestive tract to the 
mycotoxin [9, 10]. However, according to Songsermsakul 
et al., (2007), the aforementioned concentration of deox-
ynivalenol is not high enough to induce vomiting [10]. 
Zearalenone is toxic to both males and females [21]. Ac-
cording to a study by Boermans and Leung (2007), a dose 
of ~1 mg/kg zearalenone in pet food can cause infertility 
and negatively affect ovulation, implantation, pregnancy, 
and viability of the newborn [22]. In addition, daily intake 
of low doses of zearalenone could gradually damage the 
health of the dog [23] and may induce changes in metabol-
ic processes in dogs that may cause hypoestrogenism [14, 
24]. Given the presence of deoxynivalenol and zearale-
none in our samples and in samples from foreign research, 
regular monitoring of mycotoxins in dry dog food would 
be necessary.

CONCLUSIONS

Mycotoxins can be a source of spoilage at any stage of 
feed production, processing, transport, storage, and con-
sumption. Since there is relatively little information on 
the toxicological effects of mycotoxins on dogs, further 
studies are needed to determine the sources of mycotox-
ins that could contaminate feed intended for this type of 
companion animal. Future research primarily focuses on 
the issue of long-term administration of feed containing 
deoxynivalenol/zearalenone, particularly in relation to its 
immunosuppressive effects on the body and chronic dis-
eases. In conclusion, it is necessary to state that the dog 
food samples examined in our study by us do not pose a 
risk of acute toxicosis in dogs, and it would be necessary to 

Table 2. Concentrations of deoxynivalenol (ppm; mg/kg) and zearalenone (ppb; µg/kg) in dry food for adult dogs

Type of feed for 
dogs

Samples
(n=14)

Concentrations of deoxynivalenol Samples
(n=14)

Concentrations of zearalenone

generic 2 ˂ 0,2 ppm 2 ˂ 5 ppb

popular 2 ˂ 0,2 ppm 2 ˂ 5 pbb

premium 10 ˂ 0,2 ppm 6
4

˂ 5 pbb
˃ 5 ppb
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determine the concentrations of other mycotoxins that may 
be the cause of impaired animal health.

Data Availability Statement

Data are contained within the article.

Conflict of Interest

The authors declare no conflicts of interest.

Funding

The study was supported by VEGA project No. 
1/0698/24.

Generative AI Statement

No generative AI and AI-assisted technologies were 
used in writing the manuscript,

Authors’ Contributions

Conceptualization, M.H; methodology, M.H.; investi-
gation, M.H., A.T.; data curation, M.H., A.H.Š.; writing—
original draft preparation, M.H.; writing—review and ed-
iting, S.H., L.B.; funding acquisition, L.B. 

All authors have read and agreed to the published ver-
sion of the manuscript.

REFERENCES

1.	 Di Cerbo, A., Morales-Medina, J. C., Palmieri, B., Pezzu-

to, F., Cocco, R., Flores, G., Iannitti, T., 2017:  Functional 

foods in pet nutrition: Focus on dogs and cats. Res. Vet. Sci., 

112, 161–166. DOI: 10.1016/j.rvsc.2017.03.020

2.	 Axelsson, E.,  Ratnakumar, A., Arendt, M. L., Maqbool, K., 

Webster, M. T., Perloski, M., Liberg, O., Arnemo, J. M., 

Hedhammar, A., Lindblad-Toh, K., 2013: The genomic sig-

nature of dog domestication reveals adaptation to a starch-rich 

diet. Nature,  495, 360–364. DOI: 10.1038/nature11837

3.	 Bosch, G., Hagen-Plantinga, E. A., Hendriks, W. H., 2015: 

Dietary nutrient profiles of wild wolves: insights for optimal 

dog nutrition? Br. J. Nutr., 113, S40–S54. DOI: 10.1017/

S0007114514002311

4.	 Morris, J. G., 2002: Idiosyncratic nutrient requirements of 

cats appear to be diet-induced evolutionary adaptations. Nutr. 

Res. Res., 15, 153–168. DOI: 10.1079/NRR200238

5.	 Kempe, R., Saastamoinen, M., Hyyppä, S., 2004: Compo-

sition, digestibility and nutritive value of cereals for dogs. Ag-

ric. Food Sci., 13, 5–17. DOI: 10.2137/1239099041838067

6.	 Yu, J, Pedroso, I. R, 2023: Mycotoxins in cereal-based 

products and their impacts on the health of humans, live-

stock animals and pets. Toxins, 15, 8, 480. DOI: 10.3390/

toxins15080480

7.	 Han, X., Chen, L., Li, W., Zhang, L., Dong, H. J. F. G., 

2020: Endocytic FgEde1 regulates virulence and autophagy 

in Fusarium graminearum. Fungal Genet. Biol., 141, 103400. 

DOI: 10.1016/j.fgb.2020.103400

8.	 Li, Y., Gao, H., Wang, R., Xu, Q., 2023: Deoxynivale-

nol in food and feed: Recent advances in decontamination 

strategies. Front. Microbiol., 14, 1141378. DOI: 10.3389/

fmicb.2023.1141378

9.	 Hughes, D. M., Gahl, M. J., Graham, C. H., Grieb, S. 

L., 1999: Overt signs of toxicity to dogs and cats of die-

tary deoxynivalenol. J. Anim. Sci., 1999, 77, 693–700. DOI: 

10.2527/1999.773693x

10.	Songsermsakul, P., Razzazi-Fazeli, E., Böhm, J., Zentek, 

J., 2007: Occurrence of deoxynivalenol (DON) and ochra-

toxin A (OTA) in dog foods. Mycotoxin Res., 23, 65–67. 

DOI: 10.1007/BF02946027

11.	 Oswald, I. P., Marin, D. E., Bouhet, S., Pinton, P., Taranu, 

I., Accensi, F., 2005: Immunotoxicological risk of mycotox-

ins for domestic animals. Food Addit. Contam., 22, 4, 354–

360. DOI: 10.1080/02652030500058320

12.	Yazar, S., Omurtag, G. Z., 2008: Fumonisins, trichoth-

ecenes and zearalenone in cereals. Int. J. Mol. Sci., 9, 2062–

2090. DOI: 10.3390/ijms9112062

13.	Thapa, A., Horgan, K. A., White, B., Walls, D., 2021: De-

oxynivalenol and zearalenone—synergistic or antagonistic 

agri-food chain co-contaminants? Toxins, 13, 8, 561. DOI: 

10.3390/toxins13080561

14.	Gajęcka, M., Zielonka, Ł., Gajęcki, M., 2015: The effect of 

low monotonic doses of zearalenone on selected reproductive 

tissues in pre-pubertal female dogs —A Review. Molecules, 

20, 11, 20669–20687. DOI: 10.3390/molecules201119726

15.	Svoboda, M., Senior, D. F., Doubek,  J.,  Klimeš, J., 2001:  

Nemoci psa a kočky II. díl. Brno, Noviko, pp.1022. ISBN 

8090259537.

16.	EFSA panel on contaminants in the food chain (contam), 

2017: Risks for animal health related to the presence of 

https://doi.org/10.1016/j.rvsc.2017.03.020
https://doi.org/10.1038/nature11837
https://doi.org/10.1017/S0007114514002311
https://doi.org/10.1017/S0007114514002311
https://doi.org/10.2137/1239099041838067
https://doi.org/10.3390/toxins15080480
https://doi.org/10.3390/toxins15080480
https://doi.org/10.1016/j.fgb.2020.103400
https://doi.org/10.3389/fmicb.2023.1141378
https://doi.org/10.3389/fmicb.2023.1141378
https://doi.org/10.2527/1999.773693x
https://doi.org/10.1007/BF02946027
https://doi.org/10.1080/02652030500058320
https://doi.org/10.3390/ijms9112062
https://doi.org/10.3390/toxins13080561
https://doi.org/10.3390/molecules201119726


11

zearalenone and its modified forms in feed. EFSA J., 15, 7, 

e04851. DOI: 10.2903/j.efsa.2017.4851

17.	Commission Recommendation (Eu) 2016/1319 Of 29 July 

2016 amending Recommendation 2006/576/EC as regards 

deoxynivalenol, zearalenone and ochratoxin A in pet food. 

Available at: https://eur-lex.europa.eu/legal-content/EN/TXT/

PDF/?uri=CELEX:32016H1319. Accessed March 14, 2024.

18.	Cao, H., Wu, S., Sun, C., 2013: Research advancement on 

biosynthesis and biodegradation of deoxynivalenol (Don). J. 

Chin. Cereals Oils Assoc., 28, 116–123.

19.	Böhm, J., Koinig, L., Razzazi-Fazeli, E., Blajet-Kosicka, 

A., Twaruzek, M., Grajewski, J., Lang, C., 2010: Survey 

and risk assessment of the mycotoxins deoxynivalenol, zea-

ralenone, fumonisins, ochratoxin A, and aflatoxins in com-

mercial dry dog food. Mycotoxin Res., 26, 3, 147–153. DOI: 

10.1007/s12550-010-0049-4

20.	Macías-Montes, A., Rial-Berriel, C., Acosta-Dacal, A., 

Henríquez-Hernández, L. A., Almeida-González, M., 

Rodríguez-Hernández, Á., Luzardo, O. P., 2020: Risk 

assessment of the exposure to mycotoxins in dogs and 

cats through the consumption of commercial dry food. 

Sci. Total Environ., 708, 134592. DOI: 10.1016/j.scito-

tenv.2019.134592

21.	Stopa, E., Gajęcka, M., Babińska, I., Zielonka, Ł., Ga-

jęcki, M., 2014: The effect of experimental exposure to low 

doses of zearalenone on uterine histology and morphometry 

in prepubertal bitches. Theriogenology, 82, 537–545. DOI: 

10.1016/j.theriogenology.2014.05.002

22.	Boermans, H. J., Leung, M. C., 2007: Mycotoxins and the 

pet food industry: Toxicological evidence and risk assess-

ment. Int. J. Food Microbiol., 119, 95–102. DOI: 10.1016/j.

ijfoodmicro.2007.07.063

23.	Witaszak, N., Waśkiewicz, A., Bocianowski, J., Stępień, 

Ł., 2020: Contamination of pet food with mycobiota and 

Fusarium mycotoxins—Focus on dogs and cats. Toxins, 12, 

2, 130. DOI: 10.3390/toxins12020130

24.	Gajęcka, M., 2012: The effect of low-dose experimental 

zearalenone intoxication on the immunoexpression of oes-

trogen receptors in the ovaries of pre-pubertal bitches. Pol. 

J. Vet. Sci., 15, 685–691. DOI: 10.2478/v10181-012-0106-3

https://doi.org/10.2903/j.efsa.2017.4851
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32016H1319
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32016H1319
https://doi.org/10.1007/s12550-010-0049-4
https://doi.org/10.1016/j.scitotenv.2019.134592
https://doi.org/10.1016/j.scitotenv.2019.134592
https://doi.org/10.1016/j.theriogenology.2014.05.002
https://doi.org/10.1016/j.ijfoodmicro.2007.07.063
https://doi.org/10.1016/j.ijfoodmicro.2007.07.063
https://doi.org/10.3390/toxins12020130
https://doi.org/10.2478/v10181-012-0106-3

