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Mycotoxins are the biggest challenge for 

animal feed producers and therefore, regular 

monitoring of mycotoxins is necessary. 

The aim of the present study was to screen corn 

samples for mycotoxins, received from different 

countries and regions of the world, between 

September 2019 and February 2020. 

Mycotoxins detected in the corn samples in each 

country in 2019 and the overall conclusions based 

on the integrated global data sets for this year.

Comparisons of the mycotoxins detected in 

2018 v 2019.

Effects of detected mycotoxins on animals.

Overall Conclusions.

In this survey, at 

least 50-60 samples 

per country and 

1000+ of samples in 

total were analyzed 

for mycotoxins 

The corn samples were collected from North and 

South America (Mexico, Chile, Peru, Colombia, 

Argentina, Brazil) Asia (India, Iraq, Thailand, 

Vietnam, Taiwan) and Europe (Serbia, Spain, 

France, Italy, Bosnia & Herzegovina, Russia, 

Belarus, and Croatia). 

These corn samples were analyzed 

by LC-MS/MS triple quad (Agilent 

6460 series) based multi-mycotoxin 

method for quantification of all 

mycotoxins present (Aflatoxin B1 

(AFB1), B2, G1 and G2, Ochratoxin 

A (OTA), Zearalenone (ZON), 

Deoxynivalenol (DON), Fumonisin 

B1 and B2 (FB1 & FB2), T-2 & HT-2 

toxins) that are regulated in the EU 

in feed by EU Directive 2002/32/EC, 

2006/576/EC and 2013/165/EU. 

RESULTS
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In 2019, 93% of the corn samples received 

from Chile were contaminated with one or 

more mycotoxins (Fig 1).

The LC-MS/MS-based analysis showed 

that 91% of the corn samples received 

from Brazil were contaminated with 

one or more mycotoxins (Fig 2).

MYCOTOXINS DETECTED 
in corn per country
in 2019

Higher and co-occurrence of Fumonisins (93% of 

the samples) followed by DON in 20% and ZON in 

7% samples was recorded (Table 1).

FB
1
 was detected in 91% of the samples, ZON in 

6% and AFB
1
 in a low number of samples (3%). In 

the Brazilian samples, there was also a co-occurrence 

of Fusarium mycotoxins and AFB
1
 (Table 2).

CHILE

BRASIL

ZON DON FB
1

FB
2

Average (ppb) 34 257 542 177

Maximum of positives (ppb) 34 473 3396 860

Median of positives (ppb) 34 204 297 82

% Positives 7 20 93 60

ZON DON FB
1

FB
2

Average (ppb) 2 32 1350 447

Maximum of positives (ppb) 3 73 7150 2266

Median of positives (ppb) 3 32 962 422

% Positives 3 6 91 82

Table 1. Mycotoxin contamination levels (ppb) 

in corn samples from Chile in 2019

Fig 1. Number (%) of mycotoxins 

detected in corn samples from Chile

Fig 2. Number (%) of mycotoxins 

detected per corn sample from Brazil

Table 2. Mycotoxin contamination levels detected 

(ppb) in the corn samples from Brazil in 2019

93% of the corn samples 
were contaminated with one 
or more mycotoxins

542 
AVERAGE (PPB)

FB
1

91% of the corn samples 
were contaminated with one 
or more mycotoxins

1350 
AVERAGE (PPB)

FB
1
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The analysis of corn samples received from Colombia 

in 2019 showed that all the samples (100%) were 

contaminated with one or more mycotoxins (Fig 3).

In 2019, 84% of the corn samples 

received from various regions of 

Argentina were contaminated with one 

or more mycotoxins as shown in Fig 4.

Co-occurrence of FB
1
 in all the samples examined, 

DON in 61%, ZON in 22%, and AFB
1
 in 5% of the 

samples was detected (Table 3).

The presence of FB
1
 in many of the samples (84%), DON 

in 36%, ZON in 16%, HT-2 in 8% and AFB
1
 in only 16% 

of the corn samples showed the trend of co-occurrence 

of Fusarium mycotoxins and AFB
1
 in Argentina (Table 4).

COLOMBIA

ARGENTINA

AFB
1

ZON DON FB
1

FB
2

Average (ppb) 3 177 399 1346 387

Maximum of positives (ppb) 6 544 1246 5799 1901

Median of positives (ppb) 3 149 299 1117 293

% Positives 5 22 61 100 98

ZON DON FB
1

FB
2

HT-2

Average (ppb) 2 32 1350 447 62

Maximum of positives (ppb) 3 73 7150 2266 80

Median of positives (ppb) 3 32 962 422 62

% Positives 3 6 91 82 8

Table 3. Mycotoxin levels detected (ppb) in 

corn samples from Colombia in 2019

Fig 3. Number (%) per mycotoxin 

detected in corn from Colombia

Fig 4. Number (%) of mycotoxins per 

corn sample in 2019 in Argentina

Table 4. Mycotoxin levels detected (ppb) 

in corn samples from Argentina in 2019

100% of the corn 
samples were contaminated 
with one or more mycotoxins

1347 
AVERAGE (PPB)

FB
1

84% of the corn samples 
were contaminated with one 
or more mycotoxins

1021 
AVERAGE (PPB)

FB
1
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In 2019, all the corn samples received from 

various regions of Mexico were contaminated 

with more than one mycotoxin (Fig 5).

Fumonisins (FB
1
 & FB

2
) were detected in all the samples, 

DON and ZON in 23%, and AFB
1
 in only 13% of the corn 

samples examined. These results again suggest that in 

Mexican corn for feed there is co-occurrence of Fusarium 

mycotoxins and AFB
1
 (Table 5).

MEXICO

AFB
1

ZON DON FB
1

FB
2

Average (ppb) 1 156 118 2792 946

Maximum of positives (ppb) 3 476 276 11954 3269

Median of positives (ppb) 1 87 99 2111 627

% Positives 13 23 23 100 100

Table 5. Mycotoxin levels detected (ppb) 

in corn samples from Mexico in 2019

Fig 5. Number (%) of mycotoxins 

per corn sample from Mexico

The analysis of corn samples from Peru in 2019 

showed that all the corn samples received from 

animal feed producers were contaminated with 

more than one mycotoxin (Fig 6).

The fumonisins were again present in all the corn 

samples originating from Peru and the presence of DON 

and ZON in 50% of the samples showed that corn 

was predominantly contaminated with a mixture of 

Fusarium mycotoxins (Table 6).

PERU

ZON DON FB
1

FB
2

Average (ppb) 84 366 1938 590

Maximum of positives (ppb) 149 549 3526 1268

Median of positives (ppb) 90 348 1972 567

% Positives 50 50 100 100Fig 6. Number (%) of mycotoxins 

per corn sample in 2019

Table 6. Mycotoxin levels detected (ppb) 

in corn samples from Peru, in 2019

100% of the corn 
samples were contaminated 
with one or more mycotoxins

2792 
AVERAGE (PPB)

FB
1

84% of the corn samples 
were contaminated with one 
or more mycotoxins

1938 
AVERAGE (PPB)

FB
1
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The corn samples (97%) received from 

various regions of India in 2019 were found 

contaminated with multiple mycotoxins (Fig 7).

Fumonisins were detected in almost all the samples 

(93 %), ZON in 30%, OTA in 3%. Interestingly, in 

India the presence of AFB
1
 in 53% of the samples 

demonstrated the co-occurrence of Fusarium 

mycotoxins and AFB
1
 (Table 7).

INDIA

AFB
1

OTA ZON FB
1

FB
2

Average (ppb) 93 25 25 862 240

Maximum of positives (ppb) 960 0 58 2956 601

Median of positives (ppb) 12 25 19 665 198

% Positives 53 3 30 93 63

Table 7. Mycotoxin levels detected (ppb) 

in corn samples from India in 2019

Fig 7. Number (%) of mycotoxins 

per corn sample from India

Corn samples obtained from Vietnam were all 

contaminated with multiple mycotoxins (Fig 8).

All the samples (100%) were contaminated with 

Fumonisins, 41% with DON and 28 % with ZON. For 

this country there was generally a co-occurrence of 

Fusarium mycotoxins in 2019 (Table 8).

VIETNAM

ZON DON FB
1

FB
2

Average (ppb) 70 357 1752 454

Maximum of positives (ppb) 297 742 6216 1917

Median of positives (ppb) 42 239 1166 262

% Positives 28 41 100 91Fig 8. Number (%) of mycotoxins 

per corn sample in 2019

Table 8. Mycotoxins levels detected (ppb) 

in corn samples from Vietnam in 2019

97% of the corn samples 
were contaminated with one 
or more mycotoxins

862 
AVERAGE (PPB)

FB
1

100% of the corn 
samples were contaminated 
with one or more mycotoxins

1752 
AVERAGE (PPB)

FB
1
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The analysis of corn samples from Taiwan in 2019, 

showed that 100% of the corn samples were 

contaminated with one or more mycotoxin (Fig 9).

Fumonisins were detected in all the samples, ZON 

in 13 %, and DON in about 7 % samples. The 

predominant co-occurrence was due to Fusarium 

mycotoxins in Taiwan (Table 9).

TAIWAN

ZON DON FB
1

FB
2

Average (ppb) 12 273 1004 324

Maximum of positives (ppb) 16 273 3578 1114

Median of positives (ppb) 16 273 775 265

% Positives 13 7 100 93

Table 9. Mycotoxin levels detected (ppb) 

in corn samples from Taiwan in 2019

Fig 9. Number (%) of mycotoxins 

per corn sample in 2019

In 2019, all the corn samples (100%) 

received were contaminated with more 

than one mycotoxin (Fig 10)

Fumonisins were detected in all the samples analyzed, 

ZON and DON in 11% and AFB
1
 was detected in only 5% 

of the corn samples. There was thus a co-occurrence of 

Fusarium mycotoxins and AFB
1
 in 2019 (Table 10).

THAILAND

AFB
1

ZON DON FB
1

FB
2

Average (ppb) 1 63 262 2454 623

Maximum of positives (ppb) 1 114 470 9741 2400

Median of positives (ppb) 1 56 208 1414 399

% Positives 5 11 11 100 100
Fig 10. Number (%) of mycotoxins 

per corn sample

Table 10. Mycotoxin levels detected (ppb) 

in corn samples from Thailand in 2019

100% of the corn 
samples were contaminated 
with one or more mycotoxins

1004 
AVERAGE (PPB)

FB
1

100% of the corn 
samples were contaminated 
with one or more mycotoxins

2454 
AVERAGE (PPB)

FB
1
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The analysis of corn samples using LC-MS/MS showed 

that 91% of the corn samples received from Iraq were 

contaminated with one or more mycotoxins (Fig 11).

FB
1
 was detected in 82% samples, AFB

1
 in 18% 

and HT-2 in 36 % samples, demonstrating the 

co-occurrence of mycotoxins in Iraq (Table 11).

IRAQ

AFB
1

FB
1

FB
2

HT-2

Average (ppb) 4 370 104 26

Maximum of positives (ppb) 7 802 209 45

Median of positives (ppb) 4 187 74 25

% Positives 18 82 45 36

Table 11. Mycotoxin levels detected (ppb) 

in corn samples from Iraq in 2019

Fig 11. Number (%) of mycotoxins 

per corn sample

The analysis of samples received from Russia 

demonstrated that 78% of the corn samples 

contained more than one mycotoxin (Fig 12)  

RUSSIA

AFB
1

ZON DON FB
1

FB
2

HT-2 T-2

Average (ppb) 5 78 105 732 565 59 38

Maximum of positives (ppb) 9 122 129 4310 1074 200 120

Median of positives (ppb) 7 78 105 101 719 42 23

% Positives 2 5 5 39 1166 59 5

Fig 12. Number (%) 

of mycotoxins per 

corn sample

Table 12. Mycotoxin levels detected (ppb) 

in corn samples from Russia in 2019

91% of the corn samples 
were contaminated with one 
or more mycotoxins

370 
AVERAGE (PPB)

FB
1

78% of the corn samples 
were contaminated with one 
or more mycotoxins

732 
AVERAGE (PPB)

FB
1
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Again, Fumonisins were found in 39% of the corn
samples, ZON and DON in 5%, and AFB 

1
in 2%. 

Interestingly type A trichothecenes were present in more 
than half of the samples (HT-2, 66%; T-2, 59%). These 
results again showed the presence of multiple mycotoxins 
in the Russian samples (Table 12).



In 2019, all the corn samples (100%) 

received from Italy were found contaminated 

with more than one mycotoxin (Fig 13).

Fumonisins were detected in all the corn samples, ZON 

in 57%, DON in 43% and AFB
1
 in 14% of the samples. 

Fusarium mycotoxins (FB
1
, FB

2
, ZON, DON and sometimes 

AFB
1
 were the major co-occurring mycotoxins (Table 13).

ITALY

AFB
1

ZON DON FB
1

FB
2

Average (ppb) 9 30 167 7425 2261

Maximum of positives (ppb) 14 51 272 19009 4811

Median of positives (ppb) 8 26 146 4566 1443

% Positives 14 57 43 100 86

Table 13. Mycotoxin levels detected (ppb) 

in corn samples from Italy in 2019

Fig 13. Number (%) of mycotoxins 

per corn sample

Overall, in 2019, 96% of the corn 

samples were contaminated with 

one or more mycotoxins (Fig 14)

In Croatian corn Fumonisins were present in 89% 

corn samples, DON in 78%, ZON in 35%, HT-2 

in 24%, T-2 in 13% and only a few samples were 

contaminated with AFB
1
 (13%) (Table 14).

CROATIA

AFB
1

ZON DON FB
1

FB
2

HT-2 T-2

Average (ppb) 16 154 475 1283 352 55 43

Maximum of positives (ppb) 60 1309 1418 6692 1794 194 113

Median of positives (ppb) 5 54 337 727 155 17 34

% Positives 11 35 78 89 76 24 13

Fig 14. Number (%) 

of mycotoxins per 

corn sample

Table 14. Mycotoxin levels detected (ppb) 

in corn samples from Croatia in 2019

100% of the corn 
samples were contaminated 
with one or more mycotoxins

7425 
AVERAGE (PPB)

FB
1

96% of the corn samples 
were contaminated with one 
or more mycotoxins

1283 
AVERAGE (PPB)

FB
1
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FRANCE

BOSNIA & HERZEGOVINA

In 2019, 71% of the feed corn samples received from 

France were found contaminated with more than one 

mycotoxin using LC-MS/MS-based analysis (Fig 16).

Fumonisins were predominant in the corn samples 

(71 %), ZON and DON in 57% and HT-2 and T-2 

in 14% of the feed corn samples (Table 16).

ZON DON FB
1

FB
2

HT-2 T-2

Average (ppb) 71 1264 1302 367 21 10

Maximum of positives (ppb) 195 2730 2156 509 21 10

Median of positives (ppb) 35 1589 1208 424 21 10

% Positives 57 57 71 57 14 14

Table 16. Mycotoxin levels detected (ppb) 

in corn samples from France in 2019

Fig 16. Number (%) of 

mycotoxins per corn sample

Overall, in 2019, 88% of the corn samples received from 

Bosnia were found contaminated with more than one 

mycotoxin, with 12 % containing no mycotoxins at all (Fig 15).

The predominant mycotoxin present was 

the Fumonisins (69%), DON in 44%, ZON 

in 19%, HT-2 in 19%, T-2 in 13% and 

AFB
1
 in only 6 % (Table 15).

AFB
1

ZON DON FB
1

FB
2

HT-2 T-2

Average (ppb) 15 188 291 665 116 34 10

Maximum of positives (ppb) 17 317 738 1475 241 71 10

Median of positives (ppb) 14 227 140 544 78 18 10

% Positives 6 19 44 69 50 19 13

Fig 15. Number (%) 

of mycotoxins per 

corn sample

Table 15. Mycotoxins levels detected (ppb) in 

corn samples from Bosnia & Herzegovina in 2019

88% of the corn samples 
were contaminated with one 
or more mycotoxins

665 
AVERAGE (PPB)

FB
1

71% of the corn samples 
were contaminated with one 
or more mycotoxins

1302 
AVERAGE (PPB)

FB
1
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BELARUS

SPAIN

In 2019, 93% of the corn samples received were found 

contaminated with one or more mycotoxins (Fig 18).

DON was present in 93% of the samples, HT-2 in 

53% and T-2 in 47% of the samples (Table 18).

ZON DON HT-2 T-2

Average (ppb) 51 300 142 52

Maximum of positives (ppb) 55 1870 624 185

Median of positives (ppb) 45 137 66 37

% Positives 7 93 53 47

Table 18. Mycotoxin levels detected (ppb) 

in corn samples from Belarus in 2019

Fig 18. Number (%) of 

mycotoxins per corn sample

In 2019, 97% of the corn samples received from Spain 

were contaminated with one or more mycotoxins (Fig 17).

Fumonisins were predominantly found in 

94 % of the samples, HT-2 toxin in 14%, 

AFB
1
 in 11% and ZON in 3% (Table 17).

AFB
1

ZON FB
1

FB
2

HT-2 T-2

Average (ppb) 2 145 898 248 88 87

Maximum of positives (ppb) 3 145 2550 753 323 248

Median of positives (ppb) 2 145 574 178 22 42

% Positives 11 3 94 91 14 11Fig 17. Number (%) of 

mycotoxins per corn sample

Table 17. Mycotoxins levels detected (ppb) 

in corn samples from Spain in 2019

97% of the corn samples 
were contaminated with one 
or more mycotoxins

898 
AVERAGE (PPB)

FB
1

93% of the corn samples 
were contaminated with one 
or more mycotoxins

300 
AVERAGE (PPB)

FB
1
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GLOBAL CONCLUSIONS - CORN SURVEY 2019

SERBIA

A total of 1000+ samples were received for 

analysis at PATENT CO., and out of these, 

92% of the samples (Fig 20) were found 

contaminated with one or more mycotoxins.

The predominant mycotoxins and their mean contamination levels in order of 

concentrations were: FB
1
 (1819 ppb), FB

2
 (601 ppb), DON (402 ppb), ZON 

(110 ppb), AFB
1
 (23 ppb), HT-2 (69 ppb), T-2 (41 ppb), Fumonisins were 

detected in 82% of all samples, DON in 27%, AFB
1
 in 9%, T-2/HT-2 in 

12% and ZON in 17% from the different countries in different Continents 

examined (Table 20 and Figure 20.1).

These results demonstrated that globally, Fusarium mycotoxins (FB
1
, FB

2
, DON, 

ZON,) were the main mycotoxins detected in 2019 harvested corn.

AFB
1

OTA ZON DON FB
1

FB
2

HT-2 T-2

Average (ppb) 13 0 110 402 1819 601 69 41

Maximum of positives (ppb) 960 0 1389 2730 35775 15661 624 248

Median of positives (ppb) 3 0 51 268 896 299 42 21

% Positives 9 0 17 27 82 70 12 9

Table 20. Mycotoxin levels detected (ppb) in corn samples globally in 2019

Fig 20. Number (%) of 

mycotoxins per corn sample

Fig 20.1. Percentage of 

mycotoxins detected in 

corn samples in 2019

The analysis of corn samples using LC-MS/MS showed 

that 49% of the corn samples received from Serbia were 

contaminated with one or more mycotoxins (Fig 19).

FB
1
 was detected in 47% of the samples, 

AFB
1
 in 11% and ZON in 4 %, DON in 

7%, HT-2 in 2 %, T-2 in 4% (Table 19).

AFB
1

ZON DON FB
1

FB
2

HT-2 T-2

Average (ppb) 1 275 618 4571 2748 37 13

Maximum of positives (ppb) 1 486 1235 35775 15661 37 15

Median of positives (ppb) 1 275 563 550 299 37 13

% Positives 11 4 7 47 30 2 4
Fig 19. Number (%) 

of mycotoxins per 

corn sample

Table 19. Mycotoxin levels detected (ppb) 

in corn samples from Italy in 2019

49% of the corn samples 
were contaminated with one 
or more mycotoxins

4571 
AVERAGE (PPB)

FB
1
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MYCOTOXINS DETECTED

in 2018 and 2019

Comparison of

A comparison has been made of the data obtained on a global 

level in 2018 with the results obtained in 2019 (Fig. 21). 

In 2018, 95% of the samples were contaminated with one 

or more mycotoxins. 

In 2019, 92 % of the corn samples were contaminated 

with one or more mycotoxins.

Fig 21. Comparison of the number (%) of mycotoxins 

in global corn samples in 2018 and 2019
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Fig 23. Percentage of 

toxins detected in corn 

samples in 2018 V 2019

The data in Fig 23 shows the higher occurrence 

of FB
1
 and of HT-2 toxins in the corn samples in 

2019 when compared to those in 2018. 

This contrasts with the predominant occurrence of the 

mycotoxins AFB
1
, OTA, ZON, DON and T-2 toxins in the 

global corn samples in 2018v2019 samples received.

Fig 22. Comparison of 

the mean contamination 

levels (ppb) for each 

mycotoxin in the corn 

samples examined in 

2018 and 2019

The data in Fig 22 shows that the mean FB
1
, FB

2
, DON, 

ZON, were higher in 2019 when compared with those 

present in the corn samples in 2018.

Fig 22 data also shows that the mean contaminations 

of AFB
1
, OTA, T-2 and HT-2 were lower in the 2019 

samples when compared with the 2018 survey. 

There was thus a reduction in AFB
1
, OTA and type A 

trichothecenes in the 2019 survey.
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In SUMMARY

When comparing the survey results in 2018 with the 2019 corn 

survey the following differences were found: 

Fig 24. Comparison of the 

maximum of positives detected 

in corn in 2018 and 2019

Fig 24 shows a comparison between the 

maximum of positive samples for different 

mycotoxins in 2018 and 2019.

15

OTA was detected in corn samples in 2018, but not in 2019 

There was a higher occurrence of Fumonisins, and with 
higher contamination levels in 2019

In the 2018 survey, there were more Aspergillus-related 
mycotoxins when compared to 2019



MYCOTOXINS DETECTED

in 2019 on animals

Effects of

Fig 25. Effects of mycotoxins on animals
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CONCLUSIONS

Field mycotoxins such as Fumonisins, DON and ZON were detected in the 

highest concentrations in the corn samples received from various countries 

globally in 2019.

There were some differences between regions. For example, in South America 

and Asia (India), where in the former countries Fusarium mycotoxins, especially 

fumonisins, trichothecenes and ZON were predominantly present.

In the latter regions (India), Fumonisins and AFB
1
 were predominant.

The co-occurrence of mycotoxins is important as they could lead to additive or 

more importantly synergistic impacts and influence the growth rate of different 

animal species. Thus, with the impact of future climate related environmental 

changes, mycotoxins will in the future remain very important contributors 

to having significant impacts on animal health. This requires effective 

remediation/minimisation strategies and regular effective monitoring to reduce 

impacts in animal feed chains.
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