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_________________________________________________________________________________________________ 

ABSTRACT— Ochratoxin is one of the most frequently occurring mycotoxins in food and feed. In humans and 

animals, it is the cause of health disorders, mycotoxicosis. Monitoring the content of ochratoxin in food and feed is an 

important part of preventive measures. This work was focused at determining the concentrations of ochratoxin in 

complete feed mixtures for broilers and turkeys by ELISA analysis. The presence of ochratoxin in concentrations 

lower than 2 ppb was confirmed in the examined samples. The ochratoxin content limit for supplementary and 

complete feed mixtures for poultry, which represents a value of 100 ppb in feed with a moisture content of 12%, was 

not exceeded in the samples. 
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1. INTRODUCTION 
 

Ochratoxins represent a group of secondary metabolites of microscopic filamentous fungi, which are mainly 

synthesized by the genera Asperillus and Penicillium [1]. Currently, several types of ochratoxins occur naturally: 

ochratoxin A, ochratoxin B (dechlorinated ochratoxin), ochratoxin C (ethylated ochratoxin), ochratoxin D (4-

hydroxyochratoxin), 10-hydroxyochratoxin and ochratoxin α. The most common food mycotoxin is considered to be 

ochratoxin A [2,3].  Its occurrence is mainly related to improper drying and storage conditions. It has been confirmed in a 

wide range of food and agricultural commodities [4]. The presence of ochratoxin A has been reported in cereals, 

legumes, oilseeds, dried fruits and other products [5]. Given that cereals are a basic component of feed mixtures for 

poultry, they represent a potential risk of developing health complications in animals through contaminated feed. When 

animals consume feed/feed mixtures spoiled by mycotoxins, the epithelial cells of the esophagus and gastrointestinal 

tract are the first to be negatively affected, leading to gastrointestinal dysfunction, gut microbial imbalance, malnutrition, 

diarrhea and ultimately to impaired animal production health [6]. In addition, ochratoxin A is nephrotoxic, hepatotoxic, 

teratogenic and immunotoxic in poultry [7]. Compared to mammals, poultry is more sensitive to the effects of ochratoxin 

A. Especially younger individuals are more sensitive due to an incompletely developed immune system [8].   

In addition to disturbing the health of animals, the presence of residues in animal production products, which directly 

threaten the health of final consumers, is considered a risk factor. Residues of mycotoxins can occur in muscle, internal 

organs and eggs. The International Agency for Research on Cancer (IARC) classified ochratoxin A as a group 2B 

probable human carcinogen. However, in the future, it is being considered to reassess its classification and include 

ochratoxin A in group 2A as a probable carcinogen for humans [9].   
Continuous monitoring of secondary metabolites of microscopic fungi in food and feed is considered a fundamental 

element of prevention of health complications in humans and animals. Therefore, the aim of this work was to determine 

the concentration of ochratoxin in complete feed mixtures for broilers and turkeys using immunoenzymatic ELISA 

analysis. 
 

2. MATERIALS AND METHODS 
 

2.1 The samples of feed mixtures 
A total of 20 samples of feed mixtures for poultry were examined (16 samples were feed mixtures for broilers and 4 

samples were feed mixtures for turkeys). The samples were obtained from different commercial sellers in the form of 

pellets and were intended for different stages of poultry fattening (feed mixture of the first stage of broiler fattening - 4 

pcs, feed mixture of the second stage of broiler fattening - 4 pcs, feed mixture of the third stage of broiler fattening - 8 

pcs and feed mixture for the first phase of fattening turkeys - 2 pcs and for the second phase of fattening turkeys - 2 pcs).  
 

2.2  The ELISA analysis 
The ELISA method was used for the in vitro determination of ochratoxin in samples of feed mixtures for poultry. 

Analyzes were performed using the Veratox kit - Veratox for ochratoxin (Neogen corporation, USA). Samples for 

ochratoxin determination were processed as follows: 10 g of each sample was ground and mixed with 40 ml of 50% 
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methanol. The samples were mixed on a shaker for 5 minutes and then filtered through filter paper Whatman 1. The 

obtained filtrates from the samples with a minimum volume of 5 ml were used in the ELISA analysis itself, which 

represents a direct competitive enzyme immunoassay. The principle of this method is the competition of free ochratoxin 

from samples and controls (standards with ochratoxin concentrations of 0, 2, 5, 10 and 25 ppb) with the ochratoxin-

labeled enzyme (conjugate) for antibody binding sites. After washing the samples, a substrate was added, which reacts 

with the conjugate to produce a blue color. The more intense this color reaction is, the less ochratoxin the sample 

contains. The resulting concentrations of ochratoxin (ppb) were determined spectrophotometrically at 650 nm using an 

ELISA reader (Dynex Technologies, Inc., Virginia, USA). 
 

 

3. RESULTS 
 

The results of the quantitative determination of ochratoxin in feed mixtures for poultry are shown in table no. 1. From the 

total number of examined samples of poultry feed mixtures, the concentrations of ochratoxin were lower than the 

quantification range of the ELISA kit used, which was in the range from 2 to 25 ppb. 
 

Table 1 Determination of ochratoxin (ppb) in feed mixtures for poultry 

 
Abbreviations: T1 – T16 - feed mixtures for broilers, T17 – T20 - feed mixtures for turkey, ----- - values lower than the 

range of ELISA analysis. 
 

4. DISCUSSION 
 

Potentially toxinogenic microscopic filamentous fungi are able to produce secondary metabolites - mycotoxins 

under certain environmental conditions. The most frequently occurring mycotoxins include, among others, ochratoxin. 

After aflatoxin B1, ochratoxin is the most important mycotoxin in terms of economic losses worldwide [10].   In addition 

to the direct negative effect of ochratoxin on the gastrointestinal tract of humans and animals, it is nephrotoxic, hetotoxic 

and immunotoxic [11]. Occurrence of ochratoxin has been confirmed in food (cereals, coffee, wine, dried fruits, nuts, 

spices) and in the form residues also in products of animal origin such as meat, organs and eggs [12]. An important 

element of prevention is the mycotoxic control of animal feed. It is the consumption of contaminated feed that can be the 

cause of damage to the health of animals, and through products of animal origin, the final consumer is also at risk. 
 In the samples of complete feed mixtures examined by us, ochratoxin was present in concentrations lower than 2 

ppb. Similar ochratoxin values were determined in samples from Croatia by Domijan et al. [13]. Poultry feed samples 

contained ochratoxin in concentrations ranging from 0.42-6.19 ppb. Even lower concentrations of ochratoxin in the range 

of 0.04-6.5 ppb were found in poultry feed samples from Italy [14]. Similar results were reported in Spain, where 

ochratoxin concentrations in poultry feed averaged 1.53 ppb [15]. Using the ELISA method, ochratoxin concentrations 

were determined in samples of complete feed for broilers from Pakistan with resulting values in the range of 22-190 ppb 

[16]. The higher ochratoxin content in samples from Pakistan is probably related to the climatic zone that is favorable for 

the growth of microscopic fungi that are capable of producing mycotoxins [12]. Pakistan is one of the countries where 

there is no regulation and there are no legal standards to limit the content of mycotoxins in feed [17].  In Slovakia, the 

Commission Recommendation (2006/576/EC) currently applies, which deals with the presence of deoxynivalenol, 

zearalenone, ochratoxin A, T-2 and HT-2 and fumonisins in products intended for animal feeding, where the limiting 

value for supplementary and complete poultry feed with a moisture content of 12% is 100 ppb [18].   
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According to the achieved results of this work, it is clear that the poultry feed samples we examined meet the 

standards according to the current legislation in Slovakia. 
 

5. CONCLUSION 
 

Currently, emphasis is placed on the production of healthy food. The first prerequisite is the use of high-quality feed in 

livestock breeding. Monitoring the content of foreign substances that may occur in complete feed mixtures for animals is 

the first step in the prevention system. Foreign substances in feed also include secondary metabolites of microscopic 

filamentous fungi. Their occurrence cannot be completely prevented, but by regular monitoring and the use of 

elimination methods, we can reduce their concentrations to the values specified in the legal norms that are valid in 

Slovakia. 
6. ACKNOWLEDGEMENT 

 
This work was supported by Slovak grant VEGA no. 1/0402/20 and KEGA no. 006UVLF-4/2022.  
 

7. REFERENCES 
 

[1] Ringot D., Chango A., Schneide, Y.J., Larondelle Y. Toxicokinetics and toxicodynamics of ochratoxin A, an 

update. Chemico- Biological Interactions, vol. 5, pp. 18-46, 2006. 
[2] El Khour, A., Atoui A. Ochratoxin A: General Overview and Actual Molecular Status. Toxins, vol. 2, no. 4, pp. 

461-493, 2010. 
[3] Liuzzi V.C., Fanelli F., Tristezza M., Haidukowski M., Picardi E.,  Manzari C., Lionetti C., Grieco F., Logrieco 

A.F., Thon M.R., Pesole G. Mulè, G. Transcriptional analysis of Acinetobacter sp. neg1 capable of degrading 

ochratoxin A. Frontiers in Microbiology, vol. 7, pp. 2162-2170, 2016. 
[4] Bui-Klimke T.R., Wu F. Ochratoxin A and human health risk: a review of the evidence. Critical Reviews in 

Food Science and Nutrition, vol. 55, no. 13, pp. 1860-1869, 2015. 
[5] Perrone, G., Susca, A., Cozzi, G., Ehrlich, K., Varga, J., Frisvad, J. C., Meijer, M., Noonim, P.,  

Mahakarnchanakul, W., Samson, R.A.  Biodiversity of Aspergillus species in some important agricultural 

products. Studies in Mycology, vol. 59, no. 14, pp. 53-66, 2007. 
[6] Ruan D., Wang W.C., Lin C.X., Fouad A.M., Chen W., Xia W.G., Wang S.Q., Luo X., Zhang W.H., Yan S.J., 

Zheng C.T., Yang L. Effects of curcumin on performance, antioxidation, intestinal barrier and mitochondrial 

function in ducks fed corn contaminated with ochratoxin A. Animal, vol.13, no. 1, pp. 42-52, 2019. 
[7] Wang W., Zhai S., Xi, Y., Wang H., Rua, D., Zho, T., Zhu Y., Zhang H.,  Zhang M.,Ye, H., Ren W.,Yan, L. 

Ochratoxin A induces liver inflammation: involvement of intestinal microbiota. Microbiome, vol. 7, no. 151, 

2019. 
[8] Zhai S., Zhu Y., Feng P., Li M., Wang W., Yang L., Yang Y. Ochratoxin A: Its impact on poultry gut health and 

microbiota, an Overview. Poultry science, vol. 100, no. 5, 101037, 2021. 
[9] Ostry V., Malir F., Toman J., Grosse Y. Mycotoxins as human carcinogens-the IARC Monographs 

classification. Mycotoxin Research, vol. 33, no. 1, 65-73, 2017. 
[10] Indresh H.C., Umakantha B. Effects of ochratoxin and T-2 toxin combination on performance, biochemical 

and immune status of commercial broilers. Veterinary World, vol. 6, pp. 945-949, 2013. 
[11] Bhatti S.A., Khan M Z., Saleemi M.K., Hassan Z.U. Impact of dietary Trichosporon mycotoxinivorans on 

ochratoxin A induced immunotoxicity; In vivo study. Food and Chemical Toxicology, vol. 132, 110696, 2019. 
[12] Iqbal S.Z., Rabbani T., Asi M.R., Jinap S. Assessment of aflatoxins, ochratoxin A and zearalenone in breakfast 

cereals. Food Chemistry, vol. 15, no. 157, pp. 257-262, 2014. 
[13] Domijan A.M., Peraica M., Jurjevic Z., Ivi, D., Cvjetkovic B. Fumonisin B1, fumonisin B2, zearalenone and 

ochratoxin a contamination of maize in Croatia. Food Additives and Contaminants, vol. 22, no. 7, pp. 677-680, 

2005. 
[14] Schiavone A.,  Cavallero C., Girotto L. Pozzo L., Antoniazzi S., Cavallarin L. A survey on the occurrence of 

ochratoxin A in feeds and sera collected in conventional and organic poultry farms in Northern Italy. Italian 

Journal of Animal Science, vol. 7, no. 4, pp. 495-503, 2008. 
[15] Jaimez J., Fente C.A., Franc, C.M., Cepeda A., Vazquez B.I. A survey of the fungal contamination and 

presence of ochratoxin A and zearalenone on Spanish feed and raw materials. Journal of Science of Food 

Agriculture, vol. 84, no. 8, pp. 832-840, 2004. 
[16] Sherazi S.T., Zahid S., Sumbal G., Tan E.T.T., Bhanger M., Kara H., Nizamani S. Occurrence of ochratoxin A 

in poultry feeds and feed ingredients from Pakistan. Mycotoxin research, vol. 31, no. 3, pp. 1-7, 2014. 

http://www.ajouronline.com/


Asian Journal of Agriculture and Food Sciences (ISSN: 2321 – 1571)  

Volume 10 – Issue 6, December 2022 

Asian Online Journals (www.ajouronline.com)  127 

 

[17] Van Egmond H.P., Schothorst R.C., Jonker M.A. Regulations relating to mycotoxins in food. Analytical and 

Bioanalytical Chemistry, vol. 389, no. 1, pp. 147-157, 2007. 
[18] Commission Recommendation (2006/576/EC) on the presence of deoxynivalenol, zearalenone, ochratoxin A, 

T-2 and HT-2 and fumonisins in products intended for animal feeding. Available online: https://eur-

lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2006:229:0007:0009:EN:PDF 
 

 

 

 

 

 

 

 

 

 

 

 

http://www.ajouronline.com/

