
Comparison of the validation of two analytical methods for fungal toxins according to RELACRE 
and the 2002/657/EC European decision  

Marta Marques1,2 
H. Marina Martins1 and Helena M. Pinheiro2 

1Laboratório Nacional de Investigação Veterinária – Serviço de Micologia, 
Estrada de Benfica, 701 1549, Lisboa 

2Instituto Superior Técnico - Departamento de Engenharia Química e Biológica 
Av. Rovisco Pais, 1049-001 Lisboa 
E-mail: coimbra.mm@gmail.com 

 

1. Abstract 

The purpose of the present paper is to present a comparison between the notions introduced in the new 2002/657/EC 
European decision and the concepts already established by RELACRE with respect to in-house validation of analytical 
methods based on HPLC. The comparison is applied and discussed for the in-house validation of deoxynivalenol (DON) and 
zearalenone (ZEN) analysis, according to two different methodologies. The parameters validated in accordance with the 

2002/657/EC European decision were specificity, linearity, sensitivity, decision limit (CCα), detection capability (CCβ), 
repeatability, recovery and ruggedness. The minimal number of assays to satisfy this protocol appears to be 99, for 
quantitative and confirmatory methods. The concentration ranges to be tested, calibration curves and their respective 
linearity were established. The analytical parameter values and the performance of the methods were determined. The 

observed detection and quantification limits (LD and LQ) were 32 µg/kg and 96 µg/kg, for DON and 34 µg/kg and 104 µg/kg for 

ZEN. CCα values were 190 µg DON /kg and 57 µg ZEN/kg. CCβ values were 277 µg DON /kg and 77 µg ZEN/kg.  
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2. INTRODUCTION 

Fusarium toxins are secondary metabolites produced by fungi of this genus in many different products. Fusarium species 
occur both as facultative saprophytes and as parasites and they are capable of synthesizing a large range of toxins (Martins 
e Martins, 2001). Fungal contamination of mixed feed and raw materials can lead to nutrient losses and may produce 
adverse effects on animal health and production. It is thus necessary to control the mycological characteristics and ecology 
of these contaminants. Drought, humidity, temperature, insect infestation and rough handling have all been suggested as 
factors linked to the presence of fungi and subsequently toxins in agricultural products (Martins and Marques, 2007). Fungal 
toxins in raw materials, feed and food have become a major research area since 1961, when the carcinogenicity of the 
aflatoxins was discovered (Bernardo, 2003). Deoxynivalenol (DON), T-2 toxin and nivalenol are naturally occurring 
trichothecenes detected in corn, barley and wheat (Betina, 1989). DON was first characterized as a metabolite of F. 
graminearum, isolated from moldy barley. This metabolite was shown to be identical to the emetic factor (vomitoxin) isolated 
in the USA from damaged corn produced by F. roseum and responsible for the induction of vomiting in swine. DON toxicosis 
is associated with feed refusal, vomiting, reduced growth and feed consumption and haematologyical changes in most of the 
animal species (Ueno, 1984). This toxin inhibits protein synthesis, translation and ribosome assembly (subunit 60s) and 
increases the susceptibility to bacterial and viral infections (Fink-Gremmels, 2007). Deoxynivalenol has been held 
responsible for large-scale human poisonings in this century in China and India (IARC, 2007). Zearalenone (ZEN), or 6-(10-
hydroxy-6-oxo-trans-1-undecenyly)-β-resorcyclic acid lactone (Urry et al., 1996), is a very heat-stable compound due to its 
large lactone ring.  ZEN, also known as F-2 toxin, is produced mainly by Fusarium graminearum. ZEN is responsible for a 
well-known hyperestrogenic syndrome in swine and other livestock (Bernardo, 2003). It is an endocrine disruptor and a 
substitute for enzymes, resulting in the synthesis and inactivation of hormones (Fink-Gremmels, 2007). Zearalenone was 
tested for carcinogenicity by administration in the diet in one experiment in mice and in two experiments in rats. An increased 
incidence of hepatocellular adenomas was observed in female mice and of pituitary adenomas in mice of either sex. No 
increase in the incidence of tumors was observed in rats (IARC, 2007). Chronic exposures to deoxynivalenol, zearalenone 
and nivalenol occur in several parts of the world. Toxins derived from Fusarium graminearum, F. culmorum and F. 
crookwellense are not classifiable as to their carcinogenicity to humans (Group 3) (IARC, 2007). 

Validation of analytical methods dedicated to the measurement of physico-chemical parameters or other properties of a 
substance or material is not a recent problem. When a group of scientists develops a theory or a technical process, they 
have always tried to establish the validity of their work using original experimental methodology or a more conventional data 
set (Antignac et al., 2003). Even so, the assortment of application fields, validation procedures, and concept definitions, led 
to a lack of objective quality criteria and harmonization, causing great difficulty in comparing methods or results. Fortunately, 
the development of applied mathematics, statistics an computer science have introduced very much in the way of 



normalization, researching and universal concepts. The new approach proposed by the European Union and described in 
the 2002/657/EC European decision permitted real progress. However, some difficulties remained, linked both to the 
existence of several official normalization institutions (ISO, IUPAC, etc.) each with its own specifications, and to the difficulty 
of changing some practical routines in laboratories (Antignac et al., 2003). Although the main detection technique to be used 
in the analysis of contaminants in biological matrices is mass spectrometry, this field is adaptable to other techniques such 
as HPLC. In the present report, all the analytical concepts are presented for the detection and quantification of DON and 
ZEN by HPLC, comparing the two practical validation guidelines available (according to RELACRE – Association of 
Portuguese Accredited Laboratories and to the 2002/657/EC European decision).  

 

3. Experimental 

3.1. Chemicals and other materials

The chemicals used in this study were phosphate buffered saline pH 7.4 (PBS), from Sigma–Aldrich, polyethylene glycol 
(PEG), from Sigma–Aldrich, sodium chloride, from Merck-VWR, acetonitrile for HPLC,  from J. T. Baker, acetonitrile for 
analysis, from Merck-VWR, methanol Lichrosolv®, from J. T. Baker,  water Lichrosolv®, from J. T. Baker and ethanol 
Lichrosolv®, from Merck-VWR. The standards used in the calibration trials and to fortify all biological samples were standards 
of zearalenone 10 mg and standards of deoxynivalenol 1 mg, both from Sigma–Aldrich. The extracts were filtrered with 
Whatman filters No 41 Ashless, Whatman microfiber filters and Macherey Nagel MN filters, all from VWR.The swine feed and 
corn samples were obtained from Portuguese factories and importers. 

3.2. Apparatus 

Analyses were carried out by isocratic, reverse-phase high performance liquid chromatography (HPLC) using a LiChrospher 

100 RP-18, 5 µm column 25 x 4.6 mm  EcoPack (Merck), with a UV detector Merck-Hitachi L 7480 (detection set to 218 nm). 
A fluorescence detector, Merck-Hitachi L 7420 (excitation and emission wavelengths were 365 nm and 420 nm, 
respectively), was used to analyze zearalenone and. The mobile phases used were water/acetonitrile/methanol (46/46/8 by 
volume) for ZEN determination and water/acetonitrile (90/10 by volume). The column temperature was 40º C and the injected 

sample volume was 300 µl. DON extracts were evaporated to dryness in a rotary evaporator Heildolph 4000.  Statistical data 
analysis was performed with Microsoft Office Excel 2003. 

3.3. Sample preparation and immunoaffinity purification 

Extraction and purification of deoxynivalenol from corn and feed samples were performed by the well-established technique 
described by Stroka et al. (2006) prior to HPLC analysis with UV absorbance detection. The extraction solvent used in this 
technique was a polyethylene glycol/water mixture (10 g / 200 ml). Extraction and purification of zearalenone were performed 
by the well-established technique described by Visconti and Pascale (1998) using the extraction solvent acetonitrile/water 
(90/10 by volume) prior to HPLC analysis with fluorescence detection. The immunoaffinity columns used to purify the extracts 
containing DON (Dontest) and ZEN (Zearalatest) were from VICAM (Watertown, USA). Accordingly to VICAM (Vicam, 2007), 
the working ranges for HPLC detection are 0.10 – 10 ppm, for Dontest and 0.01 – 5 ppm, for Zearalatest.  

3.4. In-house validation of DON and ZEN analytical methods according to RELACRE 

For DON and ZEN, calibration curves, working ranges and values for recovery, ruggedness, sensitivity, limit of repeatability 
(r) and limits of detection (DL) and quantification (QL) were determined according to the method described by RELACRE 
(Guia RELACRE, 2002). Recovery was determined by spiking DON standards at levels of 60.0, 100.0, 200.0, 500.0 and 600 
µg/kg to corn samples. Each purified extract was injected in triplicate and the results are thus presented as a triplicate mean. 
For ZEN, recovery was determined by spiking ZEN standards at levels of 60.0, 100.0 and 200.0 µg/kg to swine feed 
samples. Each zearalenone purified extract was injected in six times and the results are presented as their mean. 

All results have an uncertainty associated (95% of confidence level) which was calculated according to Equation 1: 

 

 Uncertainty = 
n

SDpntvalue ×= )05.0,(
        (Equation 1) 

where n is the number of samples, p the probability level, SD the standard deviation of the replicate results and tvalue the 
value obtained from t-Student Distribution Tables (University of Adelaide, 2007) . 



3.5. In-house validation of DON and ZEN analytical methods according to the 2002/657/EC European decision 

For DON and ZEN, calibration curves, working ranges and values for specificity, recovery, ruggedness, sensitivity, 

repeatability, decision limit (CCα) and detection capability (CCβ) were determined according to the method described by the 
2002/657/EC European decision (Official Journal of the European Communities, 2002). Recovery was determined by spiking 
DON standards at levels of 50.0, 75.0 and 100.0 µg/kg to six different swine feed samples. For ZEN, recovery was 
determined by spiking ZEN standards at levels of 35.0, 52.5 and 75.0 µg/kg to six different swine feed samples. The 
recovery results are presented as the mean of the six samples. 

 

4. RESULTS AND DISCUSSION 

4.1. Ruggedness and specificity 

To evaluate the applicability and ruggedness of an analytical method, reasonable variations are deliberately introduced to it 
and the consequent variations in analyte concentration are measured. Thus, factors that can change the results must be 
identified and manipulated. Ruggedness measures the sensitivity of a method facing slight changes to these factors. A 
Youden Test (Guia RELACRE, 2002) is used to evaluate the effect produced by each variability factor, indicating the type 
and size of its influence, negative or positive, on the results. The variability factors introduced in the Youden Test were the 
room temperature, the HPLC oven temperature and the type of glass (clear or amber) of the HLPC vials. Tables 1 and 2 
describe the results of these Youden Tests, for DON and ZEN, respectively. In these, levels 1 and -1 stand for, respectively, 
25ºC and 18ºC for room temperature, 40ºC or uncontrolled for oven temperature and clear and amber for type of glass. 

 
Table 1- Number of assays and results of the Youden                    Table 2- Number of assays and results of the Youden 
Test for DON.                                                                                    Test for ZEN. 

 

From the results in Table 1, for the analysis of DON it can be seen that the most influential variability factor is the oven 
temperature. If the oven temperature is not controlled (oven off) a considerable decrease of the measured DON 
concentration is observed. Nevertheless, the other tested factors also have a strong influence on the resulting DON 
concentration measured in the samples. The results for ZEN concentration (Table 2) revealed that the influence of the three 
factors is much weaker than for DON. The type of glass exerts the strongest influence on the results, clear glass vials 
resulting in increased measured ZEN concentrations.  

To evaluate the specificity of the methods, a minimum of 20 blank samples of swine, bovine and poultry feed, from different 
Protuguese manufacturers, were analyzed. The chromatograms revealed no interferences, i.e., no detectable peaks near the 
retention time region where the target analyte was expected to elute.  

4.2. Calibration curves  

Calibration curves were established for the two examined mycotoxins (DON and ZEN) for the HLPC step (Guia RELACRE, 
2002). Figures 1 and 2 represent these calibration curves, including the experimental data, the regression line (least-
squares) and the calculated DL and QL values. The error bars represent the uncertainty calculated from equation 1. The 
number of replicate analysis was three for DON and six for ZEN. 

 C = 800 ng DON/ml 

Troom Toven 
Type of 
glass 

C (ng/ml) 

N
.º
 d
e 
en

sa
io
 

1 1 1 1 801,8 

2 1 1 -1 817,7 

3 1 -1 1 875,8 

4 1 -1 -1 911,5 

5 -1 1 1 806,2 

6 -1 1 -1 804,4 

7 -1 -1 1 879,1 

8 -1 -1 -1 857,1 

 Effect 15,1 -73,3 -7,0  

 C = 50 ng ZEN/ml 

Troom Toven 
Type of 
glass 

C (ng/ml) 

N
.º
 d
e 
en

sa
io
 

1 1 1 1 56,8 

2 1 1 -1 52,0 

3 1 -1 1 52,6 

4 1 -1 -1 52,8 

5 -1 1 1 55,6 

6 -1 1 -1 52,4 

7 -1 -1 1 52,2 

8 -1 -1 -1 52,2 

 
Effect 

0,5 1,7 2,0  



 

Figure 1- Calibration curve of the in-house validation of the DON analytical method accordind to RELACRE.  
 

 

 

 

Figure 2- Calibration curve of the in-house validation of the ZEN analytical method accordind to RELACRE. 

 

 

To establish the calibration curves according to to the 2002/657/EC decision, three calibration trials were done for each 

mycotoxin. The calibration curves that resulted in higher values of CCα and CCβ were selected, ensuring that the results are 
overestimated. As the calibration curves are applied for quantification, at least five calibration levels (including zero) must be 
used. The zero level (blank) is a swine feed sample not fortified with a working standard. It was found that all the blank 
samples had small concentrations of the mycotoxins in study. Figures 3 and 4 present all the results from the selected 
calibration trials according to the 2002/657/EC decision. The error bars represent the uncertainty calculated from equation 1. 
The number of replicate samples analyzed was 6.  

The variability observed in Figure 3 and 4, for the recorded signal of the equipment (area), is mainly due to the matrix effect 
which was not included in the calibration curve procedure according to RELACRE. 
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Figure 3- Calibration curve of the in-house validation of the DON analytical method accordind to 2002/657/EC.  

 

 
Figure 4- Calibration curve of the in-house validation of the ZEN analytical method accordind to 2002/657/EC.  

 

Tables 3 and 4 present the numerical results obtained for each calibration curve for DON and ZEN analysis, resulting from 
the two validation methodologies applied.  

 

Table 3- Calibration curves of the in-house validation in accordance with RELACRE established for the analyses of DON and 
ZEN. Slope values are given (intercept values are set to zero), with their respective errors. Values are also given for the 
calculated regression correlation coefficient (R2).  

 Slope (area units /(ng/ml)) R2 

DON (2.39 ± 0.011) × 102 0.999 

ZEN (11.8 ± 0.033) × 103 0.999 
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Table 4- Calibration curves of the in-house validation in accordance with the 2002/657/EC decision established for the 
analyses of DON and ZEN. Slope and intercept values are given, with their respective errors. Values are also given for the 
calculated regression correlation coefficient (R2).  

 Slope (area units /(µµµµg/kg)) Intercept (area units) R2 

DON (1.31 ± 0.14) × 101 (1.01 ± 0.09) × 103 0.966 

ZEN (8.13 ± 1.05) × 102 - (9.91 ± 5.08) × 103 0.953 

 

The linearity of the calibration curves was evaluated through the regression coefficient (R2) values (Tables 3 and 4). Linearity 
was very satisfactory in the in-house validation made according to the methodology approved by RELACRE (R2 ≥ 0.999). 

However, the in-house validation as proposed by the 2002/657/EC decision, resulted in lower R2 values (0.95 < R2 < 0.97). 
This observation is associated to the matrix interferences included in the latter approach, the use of 6 replicates instead of 3, 
leading to more realistic results. These factors introduce a higher level of error, as evidenced by the error bars in Figures 3 
and 4, in comparison to those on Figures 1 and 2.  

 

4.3. Working range and sensitivity 

The experimental results obtained for the working range concentrations, for the analyses of DON and ZEN, are described in 
Table 5. All the values were calculated according to RELACRE (Guia RELACRE, 2002). 

Table 5- PG, Snedecor/Fisher (F) values and working range concentrations obtained, for DON and ZEN, according to the 
two in-house validation methods studied. 

 In-house validation according  to RELACRE 

 PG F Working range concentrations (ng/ml) 

DON 3.22 3.23 100 – 800 

ZEN 2.23 3.18 20 – 100 

 In-house validation according  to the 2002/657/EC European decision 

 PG F Working range concentrations  (ng/ml) 

DON 4.33 5.05 50 – 100 

ZEN 1.82 5.05 35 – 70 

 

 

As the inequality PG ≤ F is observed for the two methods, it can be concluded that the differences between the variances at 
the working range limits are not significant and, thus, the working ranges are well established.  

The sensitivity results for the two analytical and validation methodologies are summarized in Table 6. 

 

 

 

 

 



 

Table 6- Sensitivity values and their respective errors, for each validation approach tested for DON and ZEN analyses. 

 In-house validation according  to RELACRE 

 Sensitivity (area units/(ng/ml)) 

DON (2.39 ± 0.011) × 102 

ZEN (11.8 ± 0.033) × 103 

 In-house validation according  to the  2002/657/EC European decision 

 Sensitivity (area units/(µµµµg/kg)) 

DON (1.31 ± 0.14) × 101  

ZEN (8.13 ± 1.05) × 102 

The ratios between the sensitivity values for the two analytes, for each in-house validation (0.02 for the RELACRE method 
and 0.01 for the 2002/657/EC decision method) relates inversely to the intensity ratio (sample contamination degree) 
between the two mycotoxins (DON/ZEN). The calibration curve for ZEN, the toxin to be quantified at lower levels, responds 
better to concentration changes because fluorescence detection is much more sensitive than UV detection. 

4.4.  Repeatability 

In the present study, the analytical methods’ repeatability was tested according to RELACRE, for the extreme values of the 

concentration range used for each mycotoxin. Table 7 gives the results obtained for the parameters standard deviation (δ), 
repeatability (r) and relative standard deviation in repeatability conditions (RSDr). 

Table 7- Concentration values used for each mycotoxin and their respective values for standard deviation (δ), repeatability 
(r) and relative standard deviation in repeatability conditions (RSDr), obtained with the two in-house validation approaches 
tested. 

  
In-house validation according  to RELACRE 

 C (ng/ml) δδδδ    R RSDr (%) 

DON 

100 2.3 6.3 2.3 

800 4.3 12.1 0.5 

ZEN 
20 1.2 3.2 5.7 

200 3.8 10.5 1.8 

  In-house validation according  to 2002/657/EC European decision 

 
C (µµµµg/kg) δδδδ    r RSDr (%) 

DON 
50 6.6 18.6 85.9 

100 11.1 31.0 31.0 

ZEN 
35 0.48 1.3 29.6 

75 0.83 2.3 22.2 



 

The values of RSDr were generally satisfactory, wth only one result (85.9%) exceeding the recommended limit of --- % (??) 
(Commission Directive No 38, 2005).  

 

4.5. Recovery 

The concept of recovery is the percentage of the true concentration of a substance in a sample recovered through the 
analytical procedure. This is determined during the latter’s validation, if no certified reference material is available, which was 
the case in this report. For this, experiments were carried out using blank matrices fortified with known concentrations of the 
two mycotoxins. The results are described in Tables 8, 9 and 10, for DON (corn and swine feed matrices) and ZEN (swine 
feed matrices), for the two validation approaches tested. In these tables, the Horrat value (Horratr) describes the precision 
level of the analytical method according to the Horwitz equation (Horwitz and Albert, 2006), in repeatability conditions. A 
precise metods should show a value lower than 2.  

 

Table 8- Experimental results for recovery, relative standard deviation in repeatability conditions (RSDr%) and Horratr value, 
for analyses of swine feed samples fortified with ZEN standards, according to RELACRE. The number of replicate analyses 
was 6. 

Fortified level 

(µµµµg/kg) 

Concentration 

average (µµµµg/kg) 

Recovery (%) RSDr (%) Horratr 

60 44.2 ± 5.3 73.7 ± 8.8 11.9 0.47 

100 122.7 ± 9.7 122.7 ± 9.7 8.5 0.39 

200 155.0 ± 135 77.5±  7.1 9.1 0.43 

 

 

Table 9- Experimental results for recovery, relative standard deviation in repeatability conditions (RSDr%) and Horratr value, 
for analyses of corn samples fortified with ZEN standards, according to RELACRE. The number of replicate analyses was 
10. 

Fortified level 

(µµµµg/kg) 

Concentration 

average (µµµµg/kg) 

Recovery (%) RSDr (%) Horratr 

60 52.1 ± 3.9 86.8 ± 6.4 10.5 0.42 

100 126.1 ± 8.5 126.1 ± 8.5 7.7 0.35 

200 172.9 ± 20.3 86.5 ± 10.1 15.6 0.60 

500 562.0 ± 23.3  107.6 ± 14.8 12.5 0.34 

600 552.9 ± 38.0 120.6 ± 5.9 5.9 0.34 

 

 

 

 

 



 

Table 10- Experimental results for recovery, relative standard deviation in repeatability conditions (RSDr%) and Horratr value, 
for analyses of swine feed samples fortified with DON and ZEN standards, according to 2002/657/EC European decision. 
The number of replicate analyses (samples) was 6. 

 Fortified level 

(µµµµg/kg) 

Concentration 

average (µµµµg/kg)c 

Recovery (%) RSDr (%) Horratr 

DON 50 47.0 ± 3.4 78.6 ± 7.8 11.4 0.47 

75 73.0 ± 9.6 73.0 ± 12.8 19.5 0.84 

100 144.6 ± 9.4 144.6 ± 9.4 6.3 0.30 

ZEN 35 39.5 ± 5.2 113.0 ± 14.8 25.0 0.99 

52.5 44.1 ± 10.6 83.9 ± 20.1 37.0 1.48 

75 63.8 ± 6.2 85.1 ± 9.3 17.4 0.73 

 

The recovery results, for the two in-house validation methods, are in accordance with the criteria defined in the EC 
Regulation No 401/2006. Thus, it can be concluded that the recovery values demonstrate the high efficiency of the tested 
methods. Also, the values obtained for the Horratr parameter, being mostly under 1, reveal a high precision degree in these 
methods.  

4.6. Analytical thresholds  

The analytical thresholds for the two methods were calculated according to RELACRE (DL and QL) and the 2002/657/EC 

European decision (CCα and CCβ). The results are presented in Table 11. 

 

Table 11- Experimental values of the detection limit (DL), quantification limit (QL), decision limit (CCα) and detection 

capability (CCβ) for the two analytical methods tested. 

 In-house validation according  to RELACRE 

 DL (µµµµg/kg) QL (µµµµg/kg) 

DON 31.56 95.65 

ZEN 34.24 103.75 

 In-house validation according  to 2002/657/EC European decision 

 CCα α α α (µµµµg/kg) CCβ β β β (µµµµg/kg) 

DON 189.95 277.00 

ZEN 57.05 76.70 

 

The analytical thresholds of the in-house validation by the methodology proposed in the 2002/657/EC decision (CCα and 

CCβ) were established as the highest values resulting from the three calibration trials run during this validation approach. 
The three runs were carried out to guarantee repeatability conditions. It should be noted that, considering the calibration 



curves and working ranges obtained in the validation procedure according to the 2002/657/EC decision, the Minimum 

Required Performance Limits chosen (MRPL: 35 µg ZEN/kg and 50 µg DON/kg) were low. This results in CCα and CCβ 

values close to or higher than the highest calibration level used, for both mycotoxins. Since the CCα and CCβ values also 
result from the legal limits for the mycotoxin concentration in the samples, the selected MRPL levels ensure that the methods 
are validated for concentration ranges below the legal limits. However, it would be important to carry out further assays with 
increased MRPL values, consequently widening the validated working ranges for the two mycotoxin analytical methods.  

 

5. CONCLUSIONS 

The work here reported proposed to compare two approaches for the in-house validation of analytical methods used for 
mycotoxin determinations carried out at the Mycology Laboratory of LNIV. Specifically, the objective was to obtain values for 
parameters and performance criteria in accordance with the 2002/657/EC decision, as opposed to the RELACRE guidelines. 
This EC document proposes the establishment of a common principle for the statistical interpretation of laboratory results, in 
the official control of contaminants in food and feed samples. The methodology proposed was created taking into account 
both the practical aspects of a validation procedure and the statistical significance of the results. The introduction of concepts 

like CCα and CCβ, in place of DL and QL, is an example of this. The in-house validation experiments reported in the present 
paper, done in accordance with the 2002/657/EC decision, highlighted the complexity of the methodologies and suggested 
the necessity of automated analytical equipment, for their practical implementation, given the importance of including a 
higher number of assays than the minimum requirements here tested. The two validation protocols applied to the two 
analysed mycotoxins (DON and ZEN) resulted in parameter values and performance characteristics which generally fulfilled 
the requirements of the legislation, though the values for the 2002/657/EC approach were less satisfactory than those 
obtained with the RELACRE protocol. In conclusion, the analytical methods used at the Mycology Laboratory of LNIV are 
adjusted to their objectives. Monitoring mycotoxins in animal feed and raw materials is a procedure that must be performed 
systematically. The present work contributes, thus, for this goal.  
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