
Co-occurrence of the Fusariotoxins naturally produced by Fusarium species 
in French corn  

Corn is commonly infected by Fusarium species causing maize ear rot and producing mycotoxins, 
which may involve health risks to humans and animals. Deoxynivalenol (DON) and Fumonisins 
(FB1-FB2) are the main Fusarium toxins identified in France. However, less is known about the co-
occurrence of DON and Fumonisins with other Fusarium toxins in France. This study examined the 
presence and the correlation of  numerous Fusarium toxins in representative  French kernel corn 
samples.  

Due to the natural presence of Fusarium spp. on corn, Fusarium toxins are consequently commonly present. That does not, however, assume the sanitary quality of crops : presence is 
different from danger. These results showed that numerous Fusarium toxins co-occur in corn. This is the consequence of the co-occurrence or the quick succession of the related Fusarium 
species causing maize ear rot in France. 

Béatrice ORLANDO(1), Marie-Pierre LEBLANC(2) 

(1) ARVALIS, Institut du végétal - station expérimentale – 91720 Boigneville, FRANCE. 
Tel: +33164992320; Email: b.orlando@arvalisinstitutduvegetal.fr 

(2) Laboratoire FranceAgriMer, Rue chef de baie- BP 10194, 17006 La Rochelle Cedex- FRANCE 

INTRODUCTION 

MATERIALS & METHODS 

RESULTS AND DISCUSSION 

CONCLUSION 

The study was realized during 5 years, from 2010 to 2014. Each annual survey provide information on the quality of corn harvested in silos from storage organizations, cooperatives and 
private merchants. In each administrative department, 3 silos were randomly selected by FranceAgriMer. At harvest time, 3 elementary samples were taken by FranceAgriMer agents  at 
different dates of sampling (begining, middle and end of harvest time). Such samples are representative of the different silos. The 3 elementary samples were mixed by ARVALIS- Institut 
du vegetal.  Thus a maximum of 3 average samples representative from  each department were established.  Samples  for mycotoxin analysis were randomly selected by ARVALIS for 
harvest year 2010 to 2012. All samples for  harvests 2013 and 2014 were analyzed. (Table A).  
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Harvest 
year 

Number  of 
administrative 

regions concerned 

Number of 
departments 

concerned 

Number of 
elementary 

samples taken 

Number of 
average 

representative 
samples 

established 

Number of average 
representative 

samples analysed 

2010 10 28 200 73 29 
2011 10 28 213 76 26 
2012 10 28 220 77 51 
2013 10 28 221 76 76 
2014 10 32 226 80 80 

Table A : Scope and sampling of the survey 

Corn samples  were mixed to be homogeneous, divided and cleaned to remove impurities so that a minimum of 1.5kg of cleaned and 
homogeneous grains remained. These samples were entirely ground before analysis. The mycotoxin content  was evaluated by 
LC/MS-MS method, excepted  Fumonisins  evaluated by HPLC/FLUO method. The following fungal metabolites were analyzed : 
Deoxynivalenol (DON),  Zearalenone (ZEN), Nivalenol (NIV), Diacetoxyscirpenol (DAS), T-2 and HT-2 toxins, Fusarenone X (4-acetyl-NIV), 
Fumonisin B1 (FB1), Fumonisin B2 (FB2), Beauvericin (BEA), Enniatins A, A1, B, B1 (ENNs), Moniliformin (MON). The limits of 
quantification (Loq) are summarized  in Table B. Each toxin is considered present when the analytical result is over the analytical 
limit of quantification, which does not assume the sanitary quality of crops. Correlations  were determined with Pearson's 
correlation (r) coefficient analysis . 

2010 2011 2012 2013 2014 
Diacetoxyscirpenol 10 90 90 90 90 
HT2 Toxin 10 10 10 10 10 
T2 Toxin 10 10 10 10 10 
Deoxynivalenol 50 10 10 10 10 
Fusarenone X 100 35 35 35 35 
Nivalenol 100 90 90 90 90 
Zearalenone 10 25 25 25 25 
Beauvericin 10 10 10 10 10 
Moniliformin 10 10 10 10 10 
Enniatin A 10 10 10 10 10 
Enniatin A1 10 10 10 10 10 
Enniatin B 10 10 10 10 10 
Enniatin B1 10 10 10 10 10 
Fumonisin B1 272 272 257 
Fumonisin B2 297 297 283 

Table B : Limits of quantification (µg/kg)  
of mycotoxins evaluated 

Correlation studies (Figure 3) confirmed : 
  the co-occurrence of DON and ZEN (r=0.45) both 
produced by F. graminearum.  
 

  the co-occurrence of FB1-FB2 and MON (r= 0.69), 
as well as FB1-FB2 and BEA (r= 0.72) and lastly BEA 
and MON (r = 0.76). These results also confirm the co-
occurrence already observed in corn of F. verticilioïdes, 
F. subglutinans and F. proliferatum 
 

  The co-occurrence of NIV with one of its 
metabolite  4-acetyl-NIV (r=0.61).  
 

A PCA confirmed the correlations described above 
(Figure 4).  

Concentrations of HT-2 and T-2 in the samples were highly correlated (r = 0.78). Analyzed ratios 
were 71% (HT2-Toxin) and 29% (T-2 Toxin).  
 

Concentrations of FB1 and FB2 in the samples were strongly correlated (r = 0.95). Analyzed ratios 
were 78% (FB1) and 22% (FB2).  

Figure 2 : Enniatins 
Correlogram 

Figure 3 : multi Fusarium toxins Correlogram 

Figure 4 : multi Fusarium toxins PCA 

Given the very low limits of quantification of the analysis methods,  Fusarium toxins were quantified in all 
samples: 
- Toxins produced by F. graminearum   were present in all samples : DON  vas present in 100% of samples and ZEN 
in 85% of samples.  
- All samples contained one of the 3 following toxins: FB1-FB2 in 58% samples, BEA in 99% samples,  and MON in 
78% samples.   
- ENNs were present in 95% samples.  T-2 and HT-2 toxins were present in 26% samples, all containing ENNs.  NIV 
was present in 31% of samples, all containing ENNs.  17% of samples containing NIV contained also 4-acetyl-NIV.  
- To finish, DAS were never quantified. 

Figure 1 : Fusarium toxins quantifications by harvest year 

Mycotoxin contents are described Figure 1. The mycotoxins 
present on higher contents are DON and FB1, followed by 
MON, BEA and ZEN. 

Correlations between ENNs in 
the samples vary from r = 0.04 
to 0.88 (Figure 2). Analyzed 
ratios were 18% (ENNA), 18% 
(ENNA1), 41% (ENNB), 23% 
(ENNB1) . 
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