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Abstract: Mycotoxins are common toxic metabolites present in cereals 

and vegetal raw materials, which are commonly included in animal 

feed. Ochratoxin A (OTA) has generally been detected in plant origin 

foodstuffs such as cereals, coffee, dried fruits, nuts, among others. 

However, it has been also detected in meat and meat by-products, 

especially those derived from pork, which is the most sensitive specie 

to OTA exposure. The exposure of farm animals to mycotoxins could 

lead to undesirable residues in food products of animal origin, which 

constitute an important part of daily diets. Thus, although contents 

reported in animal by-products are lower than those reported in 

products of vegetal origin, there is also a public health concern about 

the possible ingestion of edible animal products contaminated by 

mycotoxins, as their entry into the food chain may cause adverse 

effects on human health. No maximum levels have been set for OTA 

in animal by-products, although its presence in meat and meat products 

made from contaminated raw materials has been widely reported, 

reaching high levels in some cases. This review summarizes the state-

of-the-art on the occurrence and the carry-over of OTA in meat 

products, especially focused on the last years. 
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Introduction 

Ochratoxin A  

Mycotoxins are common toxic metabolites widely detected in vegetal 

raw materials, mainly cereals and by-products. Ochratoxin A (OTA) is 

a naturally occurring foodborne mycotoxin found in a wide variety of 

agricultural commodities worldwide, mainly cereal grains, dried fruits, 

wine, and coffee, among others (Wei et al., 2018). Thus, Maximum 

Levels (MLs) have been established for OTA in these commodities 

(EC, 2006a). 

The OTA is mainly produced by Aspergillus ochraceus (A. ochraceus); 

however, it can also be produced by other species of Aspergillus (A. 

carbonarius) and Penicillium (P. verrucosum, and P. nordicum). The 

disease caused by OTA exposure is known as ochratoxicosis, and the 

primary target is the kidney. OTA is a potent nephrotoxin that causes 

renal toxicity and possesses carcinogenic, teratogenic, immunotoxic 

and possibly neurotoxic properties. Ochratoxins have been implicated 

in a fatal kidney disease typical in the Balkan countries (Balkan 

endemic nephropathy) and have been classified as possibly 

carcinogenic to humans (group 2B) by the International Agency for 

Research on Cancer (IARC, 2016). The mechanism of action of OTA 

is unclear. Recent reports suggest that oxidative pathway and 

genotoxicity are the key points for both nephrotoxicity and 

carcinogenity. Degenerative changes of the epithelial cells of the 

kidneys and the liver could be explained by the route of elimination of 

OTA via the kidneys and partly via the liver. 

Mycotoxins are common contaminants in raw materials and feedstuffs 

used in animal production. Considering that mycotoxins can be 

transferred through the food chain, OTA can also be found in tissues 

and products of animal origin, pork and poultry, and dairy products, 

among others. In fact, it has been observed that exposure of farm 

animals to mycotoxins can result in undesirable residues in animal-

derived food products, including meat, eggs, and milk, among others. 

Consequently, mycotoxin contamination in feed directly influences the 

presence of mycotoxins in animal-derived food products (Zhao et al., 

2015). For animal feed, OTA recommended levels are 250 µg/kg in 

feed materials, 50 µg/kg in complementary and complete feeding stuff 

for pigs, and 100 µg/kg for poultry (EC, 2006b). Many studies have 

pointed out the presence of legislated and non-legislated mycotoxins in 

both feedstuffs and animal-derived products. Additionally, there is a 

public health concern with respect to the carry-over of OTA to animal-

derived products such as meat products, dry-cured meat by-products or 

edible tissues (Perši et al., 2014; Sánchez-Montero et al., 2019).  

The OTA has been described as a common mycotoxin in animal-derived 

products, especially in pork tissues and by-products. For this reason, in 

the opinion of the Scientific Panel on Contaminants in the Food Chain 

of the EFSA, it was recommended to study the OTA occurrence in 

animal blood and tissues, in order to assess the significance of residue 

contents in animal tissues with respect to animal health and to human 

exposure (Duarte et al., 2010; Haque et al., 2020).  

In this sense, OTA has been detected in meat and meat by-products, 

especially those from pork meat, because they are the most sensitive 

species to OTA.  Moreover, OTA residues have been regularly found in 

kidneys of slaughtered animals as reported in European databases on 

undesirable residues in food (Fink-Gremmels and Van der Merwe, 

2019). Nevertheless, the European Commission (EC) has not 

established MLs for OTA in meat or other animal-derived food 

products. However, some countries have enforced MLs of OTA 

concentrations, such as Denmark (10 µg/kg in pig kidney), Estonia (10 

µg/kg in pig liver), Romania (5 µg/kg in pig kidney, liver, and meat), 

and Slovakia (5 µg/kg in meat, 5 µg/kg in milk). Other countries have 

developed national guidelines for MLs of OTA, for example Italy (1 

µg/kg in pig meat and derived products) (Vila-Donat et al., 2018).  

On the other hand, the European Food Safety Authority (EFSA) 

outlined that the health risk associated with the mycotoxin intake from 

animal-derived products was negligible due to low contents reported. 

However, it should be highlighted that mycotoxins or their metabolites 

could enter the human food chain by the consumption of these animal 

by-products and become an additional risk to human health, since they 

are part of the diet in combination with other chemical contaminants 

(EFSA, 2006; Zhao et al., 2015). 

This review summarizes the state-of-the-art on OTA occurrence and 

carry-over into meat products, especially focused on the last decade. 

Ochratoxin A kinetics in the animal body 

The OTA is rapidly absorbed after oral ingestion in several animal 

species, reaching peak blood levels within a few hours. The 

bioavailability of OTA is about 50% and higher in pigs (66%) (EFSA, 

2020). The OTA bioaccumulation in organs and edible tissues of 

animals is favoured by its high affinity for protein binding, particularly 

albumin, contributing to a high serum half-life, ranging from several 

days (in rodents and pigs) to several weeks (in non-human primates and 

humans), allowing it to reach high concentrations (Duarte et al., 2012; 

Fink-Gremmels and Van der Merwe, 2019). This fact together with the 

low rate of metabolism leads to potential accumulation in the body. 

Among farmed animals, pigs are known to be particularly sensitive to 

OTA accumulation, with a tissue distribution following the pattern: 

kidney > liver > muscle > fat (Dall’Asta et al., 2010). Because of its 

long half-life, OTA may accumulate in tissues of monogastric farm 

animals such as pigs and thus be present in meat and meat products. It 

is important to note that OTA serum half-life is longer than that of other 

mycotoxins. Moreover, the pig serum is used in sausage production and 

traditional meat products elaboration. Thus, the intake of thes meat by-

products poses a risk to consumers (Fink-Gremmels and Van der 

Merwe, 2019). Another consideration for pigs, is that sub-chronic 
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exposure to OTA leads to accumulation in meat products, which 

depends directly on OTA concentration in feedstuffs (Perši et al., 

2014). Thus, different dietary studies have shown the OTA carry-over 

from feed into edible pig tissues, in both raw meat and dry-cured 

products (Dall’Asta et al., 2010; Perši et al. 2014). 

The OTA metabolization differs between ruminants and monogastric 

species. Ruminants are capable of degrading OTA to OT-alpha (OTα) 

by rumen microbiota, in contrast to monogastric animals (Battacone et 

al., 2010). Consequently, only a small amount of intact OTA is 

absorbed, which explains the comparably high tolerance of ruminants 

to OTA toxicity and the low levels of OTA reported in their tissues 

(Zhang et al., 2019). On the other hand, OTA is also rapidly distributed 

and slowly eliminated and excreted, leading to potential accumulation 

in the body as previously mentioned. 

Occurrence of OTA and carry-over in meat and derived 

products 

The OTA has been widely reported to occur in animal derived 

products, especially in meat and meat by-products, due to the carry-

over from feed. The term carry-over indicates the passage of undesired 

compounds from contaminated feed into edible animal tissues or by-

products (Völkel et al., 2011). The natural occurrence of toxic residues 

in animal-derived food products is mainly associated with the animal 

consumption of contaminated feeds. When animals are fed 

contaminated feedstuffs or raw materials, these foodstuffs are 

subjected to enzymatic and microbial transformations leading to the 

formation of metabolites in the gut. These metabolites can be absorbed 

into the bloodstream of the animal and may be later excreted through 

urine and faeces. Biological samples act as biomarkers to dectect OTA 

in those biological samples indicating mycotoxin exposure (Winkler et 

al., 2015). The toxins that are not excreted from the organism generally 

remain as residues in edible organs and muscles (Adegbeye et al., 

2020).  

As mentioned in previous section, OTA may accumulate in the meat 

and organs of animals because it has a high bioavailability and long 

half-life in some monogastric farm animals such as pigs. Moreover, 

OTA is frequently present in the feed of food-producing animals 

(Battacone et al., 2010). For these reasons, some animal-derived food 

items have been reported to contain significant levels of OTA. Thus, 

different studies have pointed out the OTA carry-over from feed to 

diverse animal organs and tissues, and into derived meat products made 

with contaminated meat, especially in pigs. Perši et al. (2014) evaluated 

the OTA carry-over in raw materials and cooked meat products from 

dietary studies when pigs were sub-chronically exposed to 300 μg/kg 

OTA in feed for 30 days. Results showed that the highest OTA 

concentrations were found in kidney, followed by lungs, liver, blood, 

spleen, heart, and adipose tissue. Regarding cooked meat products, the 

highest average OTA concentrations were detected in black pudding 

sausages (14.02 ± 2.75 μg/kg), liver sausages (13.77 ± 3.92 μg/kg), and 

pâté (9.33 ± 2.66 μg/kg). 

In other dietary survey, Meucci et al. (2019) analyzed OTA carry-over 

from feed into tissues and meat products from pigs raised following two 

breeding systems (conventional production systems or indoor, and 

alternative pig rearing systems or free outdoor access). The authors 

found OTA in all pig tissues analyzed (muscle and back fat) and in meat 

products (seasoned muscle-coppa, seasoned back fat-lard, mortadella, 

and salami) at concentrations below the Italian recommended level, 

which was set at 1 μg/kg. Conversely, Wei et al., (2018) did not find the 

presence of OTA nor in pork neither in porcine liver, kidney, and fat. 

As it can be observed in Table 1, OTA levels have been reported in meat 

derived products, especially in sausages, ham and different types of 

salami and prosciutto. High incidence and levels have been reported 

ranging from <0.05 to  14.7  µg/kg,  although  high  values ( up  to  691 

Table 1. OTA occurrence in meat and meat derived products (data from 2010 to 2020). 

Category product Country 
Incidence 

(%) 

Total Contents 

 mean±SD (µg/kg) 

Total Contents 

 range (µg/kg) 
Reference 

Raw ham muscle 

Dry-cured ham 

Salami 
Commercial dry-cured ham  

Italy 

100 

100 
100 

 

76 

 2.21 ± 0.78  

4.12 ± 0.98  
2.91 ± 0.27  

 

0.98 ± 0.16  

nr 
1.99–5.65 

2.58–3.32 

 
 nr 

 

Dall’Asta et al., 

2010 

Fermented sausages and dry-

cured hams 
Europe 4.5 109 ± 51 nr 

Sørensen et al., 

2010 

Game sausages 

Semi-dry sausages 

Fermented dry-meat products 

Croatia 

93.33 

84 

54 

nr  

<0.05 - 3.07  

<0.05 - 3.28 

<0.05-7.83  

Markov et al., 
2013 

“Slavonski Kulen” 

Homemade Slavonian sausage 

Homemade sausage 
Smoked ham 

Smoked ribs 

Bacon 

Croatia - 

5.68 ± 1.58  

6.87 ± 2.01 

6.3 ± 1.5 
4.51 ± 0.11 

5.7 ± 0.25 

6.32 ± 0.65 

nr 
Pleadin et al., 

2013 

Poultry and games 
Offal 

French delicatessen meats 

France - 
0.2  
0.2  

0.25  

nr 

 

Sirot et al., 

2013 

Kidney (pig) 

Liver (pig) 
Lungs (pig) 

Heart (pig) 

Spleen (pig) 
Muscle tissue (pig) 

Adipose tissue (pig) 

Blood (pig) 
 

Cooked meat products (pig): 

Black pudding sausages  
Liver sausages 

Pâté  

Croatia nr 

15.31 ± 3.11 
8.81 ± 2.08  

13.51 ± 2.65  

5.26 ± 2.43  
5.81 ± 1.62  

5.61 ± 2.01  

4.59 ± 1.68  
6.35 ± 2.49  

 

 
 

13.82 ± 3.12  

13.38 ± 3.83  
9.13 ± 2.78  

nr 
  

Perši et al., 
2014 
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µg/kg) have been detected in salami samples, a common contaminated 

matrix (Merla et al., 2018). Nevertheless, those high levels tend to be 

the exception rather than the rule of contamination.   

Traditional Croatian meat products have been reported as commonly 

OTA contaminated matrices. Markov et al. (2013) determined OTA in 

commercial sausage samples from Croatian meat industrial facilities 

with an incidence of 64.4% with maximal concentration of 7.83 μg/kg. 

Similar studies were performed by Pleadin et al. (2013), Pleadin et al. 

(2015), and Pleadin et al. (2019). In the first one, OTA occurrence was 

investigated in traditional meat products from Croatian households and 

markets, including traditional pork meat products such as hams, dry 

fermented sausages, bacon, and cooked sausages. Results showed OTA 

mean concentrations in the fermented sausages and hams of 6.87 μg/kg 

and 6.32 μg/kg, respectively.  

In the second one, Pleadin et al. (2015) investigated the OTA 

occurrence in different traditional meat products sold on Croatian 

markets. Samples included in the study were traditional pork meat 

products (hams, dry fermented sausages, bacon, and cooked sausages), 

randomly collected in different years. The highest contents 

corresponded to prosciutto samples (reaching up to 9.95 µg/kg), while 

OTA contents in dry-fermented sausages ranged from 0.95 to 

5.10 μg/kg and from 1.12 to 3.13 μg/kg in cooked sausages. 

In the third one, OTA was investigated in different traditional meat 

Table 1(cont.). OTA occurrence in meat and meat derived products (data from 2010 to 2020). 

Category product Country 
Incidence 

(%) 

Total Contents 

 mean±SD (µg/kg) 

Total Contents 

 range (µg/kg) 
Reference 

Beef luncheon 
Beef burger 

Egypt 100 
5.23   
4.55   

0.56-8.5 
2.7-7.6 

Abd-Elghany & 
Sallam, 2015 

Istrian prosciutto  
Dalmatian prosciutto   Slavonian 

ham  

Other prosciutto  
Dry-fermented sausages: 

“Slavonski Kulen”  

Istrian type  
Slavonian type  

Northern type 

Slavonian type  
Northern type  

Cooked sausages:  

Liver sausages  
Pâté 

Croatia 

20 
14.8 

13.6 

33.3 
 

5.7 

7.1 
6.6 

7.2 

5.9 
nd 

 

11.1 
nd 

0.78 ± 2.14 

0.33 ± 0.82 

0.16 ± 0.39 
1.82 ± 3.37 

 

0.08 ± 0.30 
0.14 ± 0.53 

0.11 ± 0.40 

0.21 ± 0.81 
0.07 ± 0.26 

nd 

 
0.26 ± 0.79 

nd 

 

0.98-9.42 

1.56-3.16  

0.97-1.29  
2.23-9.95  

 

0.95-1.52  
1.15-2.64  

1.07-2.35 

0.99-5.10 
0.95-1.23 

nd 

 
1.12-3.13  

nd 

 

Pleadin et al., 
2015 

Sausage 

Pork 

Pig liver 

China 

10 

nd 

nd 

0.5  

nd 

nd 

0.5  

nd 

nd 

Zhao et al., 
2015 

Fresh salamis 
Aged salamis 

Soprèssa (typical Venetian 
salami) 

Italy 

(Veneto) 

nd  

nd  
16 

20.9  0.06-103.69 
Armorini et al., 

2016 

Swine muscle 

Swine liver 

Chicken muscle 
Chicken liver 

China 

20 

nd 

nd 
20 

0.88  

nd 

nd 
1.05  

0.88  

nd 

nd 
1.05  

Cao et al., 2018 

Salami Italy 10 39.2 1.14-691  
Merla et al., 

2018 

Salami Italy 13 0.51 ± 0.32 0.07-5.66  
Altafini et al., 

2019 

Muscle (fresh) 

Muscle (seasoned) 
Backfat (fresh) 

Backfat (seasoned) 

Salami 
Mortadella 

Italy 100 

0.078 ± 0.011  

0.178 ± 0.031  
0.085 ± 0.025  

0.204 ± 0.069  

0.064 ± 0.004  
0.558 ± 0.016  

 nr 
Meucci et al., 

2019 

Dry fermented sausages 

Dry-cured meat products 

Cooked sausages 

Croatia 

nr 

9 

5 

nr 

0.22-2.17 

0.47-5.35  

0.32-4.12 

Pleadin et al., 
2019 

Pork dry-cured legs 

Pork shoulder hams 

Goat dry-cured legs 
Sheep dry-cured legs 

Portugal 

43 

18 

nd 
nd 

14.9 ± 27.9 

6.6 ± 6.2 

nd 
nd 

<1 –99.1  

<1-14.7  

nd 
nd 

Rodrigues et al., 

2019 

Istrian sausages  

Slavonian sausages  

Kulenova Seka  
Special sausage 

Croatia 

4.7 

25.9 

22.7 
nd 

0.25 ± 0.01 

0.27 ± 0.09  

0.26 ± 0.14  
nd 

 0.25 

 0.17-0.38 

 0.14-0.48 
nd 

Kudumija et al., 

2020 

Istrian prosciutto 

Dalmatian prosciutto 

Istrian domestic sausage 

Slavonian domestic sausage 

Kulenova Seka 

Croatia 

28.6 

15.6 
7.3 

7.4 

 
8 

5.04 ± 1.50 

3.56 ± 1.32 
2.97 ± 0.20 

3.89 ± 0.35 

 
3.14 ± 0.40  

2.74-6.86  

2.16-5.39  
2.74-3.12  

3.64-4.14 

 
2.85-3.42  

Zadravec et al., 

2020 

nd: not detected. 

nr: not reported. 
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 products from Croatian markets, mainly dry fermented sausages, dry-

cured meat products and cooked sausages. Results reported OTA levels 

ranging from 0.22 to 2.17 µg/kg in dry fermented sausages, from 0.47 

to 5.35 µg/kg in dry-cured meat products and from 0.32 to 4.12 µg/kg 

in cooked sausages, suggesting that OTA occurrence in these by-

products could probably be linked to the contaminated raw materials 

or tissues (liver, kidney, and spices) used to make sausages (Pleadin et 

al., 2019). 

Other studies on traditional dry-cured meat and dry-fermented 

sausages from Croatia, have reported OTA levels up to 0.48 μg/kg in 

traditional sausages (Kudumija et al., 2020) and up to 6.86 μg/kg in 

prosciutto (Zadravec et al., 2020).  

On the other hand, several works have been carried out in order to 

determine OTA occurrence in pork Italian by-products. Dall’Asta et al. 

(2010) found OTA levels in 100% of ham and salami samples 

analyzed, with levels up to 5.65 μg/kg. In addition, Altafini et al. (2019) 

analyzed 172 different salamis from farms and small salami factories 

from Italy showing that OTA was detected in 12.8% of samples, 3 of 

them exceeded the Italian guide levels for OTA in pork meat. The OTA 

was detected in 22 salamis, exceeding levels of 1 μg/kg only in 3 

samples of spicy salamis. The authors of this research suggested that 

chili pepper added to spicy salamis contaminated by OTA, could be 

responsible for the presence of the mycotoxin in the samples. Although 

lower OTA mean levels (0.064 μg/kg) were detected in salami in the 

study performed by Meucci et al. (2019). 

In Chinese studies OTA has been also detected in meat samples. In the 

research conducted by Zhao et al. (2015) an incidence of 10% in 

sausage samples with contents up to 0.5 μg/kg were reported for OTA, 

while Cao et al. (2018) detected OTA in one swine muscle and one 

chicken liver. On the other hand, Rodrigues et al. (2019) detected OTA 

in fresh pork meat (40%) from Portugal at levels below 1 μg/kg.  

Conclusions 

The OTA is a common foodborne mycotoxin in plant origin foodstuffs, 

mainly cereals, coffee, grapes, dried fruits, among others, but also in 

animal origin food such as meat and meat derived products. Diverse 

studies have reported high OTA levels, especially in fermented and 

dry-cured meat products, such as salami, prosciutto, and traditional 

sausages from different countries and regions; however, the EC has not 

established MLs for OTA in meat or other animal-derived food 

products. Nevertheless, some countries have enforced MLs of OTA 

concentrations and other countries have developed national guidelines 

for MLs of OTA . Results reported in scientific literature showed that 

these guidance values have been surpassed in some cases. These results 

highlight the need to establish a ML for OTA in meat by-products to 

protect human health and to constantly monitoring mycotoxin 

occurrence in animal derived products. 
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