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Executive summary: overview of main results  

Table 1. Overview of main method performance data.  

Validation Parameter  Subparameter  OTA DON FUM ZEN AFL T- 2/HT - 2 

Sensitivity Limit of Detection [µg/kg]  1.16 47.0 39.4 3.49 0.883 11.3 

Working range 

Lower Limit of Quantification  LLOQ 

[µg/kg]  
1.20 50.0 50.0 3.50 0.90 11.5 

Upper Limit of Quantification  ULOQ 

[µg/kg]  
50 1500 700 300 15 300 

Trueness 

Trueness (Recovery/Bias) 

Mean (Min-Max) 

Target: 70 to 130 % 

98% 

 (61% -  158%) 

90%  

(74% -  119%) 

94% 

 (77% -  113%) 

 100% 

 (82% -  125%) 

95% 

 (63% -  124%) 

97%  

(65% -  154%) 

Precision 

Intra- Assay Precision 

Mean (Min-Max) [%] 

Target: < 10% 

2.6 (0.0 -  8.1) 5.3 (1.8 -  13.3) 6.1 (1.6 -  15.4) 3.8 (0.5 -  9.7) 6.2 (1.4 -  18.6) 7.5 (1.5 -  18.7) 

Inter- Assay Precision 

Mean (Min-Max) [%] 

Target: < 20 % 

8.0 (3.8- 11.0) 10.6 (7.0 -  13.9) 13.8 (12.6 -  15.0) 13.1 (6.8 -  17.1) 9.1 (4.8 -  13.7) 12.0 (5.7 -  17.3) 

Repeatability  

(Inter- Analysis Precision)  

Mean (Min-Max)  [%] 

Target: < 20 % 

8.0 (3.8 -  11.0) 10.6 (7.0 -  13.9) 13.8 (12.6 -  15.0) 12.0 (5.7 -  17.3) 9.1 (4.8 -  13.7) 13.1 (6.8 -  17.1) 

Measurement Uncertainty 

MU95 

MU95 (typical, RMS based) 49% 46% 39% 35% 48% 51% 

MU95 (conservative, 90 % percentile ) 76% 61% 60% 54% 73% 77% 

Ruggedness Critical Control Parameters  Ethanol concentration in extraction, incubation time relative to calibration  
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Table 2. Study design and acceptance criteria . CV denotes coefficient of variation; MU95 denotes expanded uncertainty at approximately 

95% coverage; LLOQ and ULOQ denote the confirmed quantitative range. 

Item Value to report  

Assay name and version SAFIA mycoProfile TotalTox 6 

Analytes Sum of Aflatoxins (AFB1, B1; G1; G2; AFL) 

Ochratoxin A (OTA) 

Deoxynivalenol (DON) 

Sum of Fumonisins (FB1, FB2, FB3; FUM) 

Zearalenone (ZEN) 

Sum of T- 2/HT- 2 Toxins (T- 2/HT- 2) 

Measurement principle 

and instrument 

Indirect competitive suspension array fluorescence immunoassay (SAFIA) with flow 

cytometric readout. Sysmex CyFlow Cube 6 V2m flow cytometer with CyFlow Robby 6 

autoloader. 

Matrices included in 

validation 

High protein content (Grain and baking goods) 

High water content (Wine) 

High Fat content (Nuts) 

High sugar content (Dried fruits) 

Processed Food 

Calibration model and 

number of standards 

Sigmoidal 4 Parameters 

8 standards per curve  

Plate layout strategy Block randomized, plate maps in Annex 

Blanks included per plate Reagent blank (70 % Ethanol, diluted 1:4 in sample buffer) 

QC reference  materials 

used 

FAPAS QC Materials for covering all types of matrices 

LOQ confirmation 

approach 

Spiking at LLOQ and ULOQ levels under intermediate precision conditions. 

Acceptance criteria, 

recovery 

70 to 130% (mean) 

Acceptance criteria, 

precision 

Repeatability CV 10 %, intermediate precision RSD 20% 

Measurement uncertainty 

reporting  

MU95 typical and MU95 conservative, k = 2 

Ruggedness design Full factorial 24 DoE, factors and levels in Annex 
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Introduction  

Mycotoxins  

Mycotoxins are secondary metabolic products of molds or ergot fungi, primarily from species such as 

Aspergillus, Alternaria, Fusarium, Penicillium,  and Claviceps. If consumed, they can cause acute poisoning, 

chronic illnesses, and even cancer. Mycotoxins represent one of the greatest contamination risks for the food 

industry and are heavily regulated by the EU (see Regulation (EC) No. 1126/2007 and (EC) No. 915/2023). The 

regulated mycotoxins that can be measured with the SAFIA kits include ochratoxin A (OTA), fumonisins (FUM, 

sum of isomers FB1, FB2, FB3), deoxynivalenol (vomitoxin, DON), zearalenone (ZEN), aflatoxins (AFL, sum of 

isomers AFB1, AFB2, AFG1, AFG2), and the sum of T- 2 and HT- 2 toxins (T- 2/HT - 2). The maximum permitted 

levels depend on the type of food .  

Principle of the SAFIA Assay  

The suspension array fluorescence immunoassay (SAFIA) is a particle- based multiplexing rapid test. Coded 

microparticles are used for multiplexing, with coding based on different amounts of a red fluorescent dye 

incorporated into the microparticles. Each co de, represented by a specific dye concentration, corresponds to 

a measured analyte. The measurement principle for detecting mycotoxins is based on indirect competitive 

immunoassays. The mycotoxins are chemically immobilized on the surface of the particles.  A sample or 

standard, along with a mixture of mycotoxin- specific antibodies and fluorophore - labeled antibodies, is added 

to the particles. The specific antibodies competitively bind either the immobilized mycotoxin or the mycotoxin 

present in the sample. Bound antibodies are stained with dye (green fluorescent) labeled antibodies to generate 

a measurable signal. Due to the competitive reaction, the concentration of the mycotoxin is inversely 

proportional to the signal and can be determined using a calibrat ion curve. 

 

Figure 1. Schematic representation of the SAFIA working principle. 
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A flow cytometer reads the red fluorescence used for coding and the green fluorescence used for 

quantification. Within the flow cytometer, the SAFIA microparticles are hydrodynamically separated, and the 

fluorescence is measured independently for each particle using a blue laser as the excitation source, combined 

with two fluorescence detectors (green and red) and two scatter detectors (forward and sideward scatter).  

Compared to classical immunoassays such as ELISA, SAFIA is a mix- and- read immunoassay. Washing steps, 

which are used to avoid high signal backgrounds, matrix interferences, or to stop signal increase, are not 

necessary. 

In addition to mycotoxins, an internal control measurement ("Control") is carried out in the SAFIA. This indicates 

whether matrix effects interfere with the test during the measurement or if it was carried out correctly. 

Interpretation is done automaticall y in SAFIA- Score. 

Scope of this validation  
Building on previous validation work, this study evaluates the performance of the mycoProfile TotalTox 6 Kit. 

The enhancements to the analytical procedure primarily comprise (1) the inclusion of the new sum parameter 

T- 2/HT- 2 and (2) an adjusted extraction procedure designed to reduce the sensitivity across all parameters. 

The matrix scope is intended to cover a broad range of foodstuffs, excluding special matrices such as spices, 

cocoa, and coffee, for which a dedicated protocol is required. The validation includes both raw materials (for 

example, flours) and processed foods (for example, baked goods). 

This validation assesses the full set of analytical performance characteristics, including calibration and working 

range, linearity, detection capability (Limit of Blank, Limit of Detection, and Limit of Quantification), accuracy 

(precision and trueness), measurement uncertainty, and the robustness and ruggedness of the method. This 

validation follows Eurachem Guide ά¢ƘŜ CƛǘƴŜǎǎ ŦƻǊ tǳǊǇƻǎŜ ƻŦ !ƴŀƭȅǘƛŎŀƭ aŜǘƘƻŘǎέ όоǊŘ ŜŘƛǘƛƻƴΣ нлнрύέ, when 

applicable to the method.  

Materials and Methods  

Materials and devices for Analysis 

For the extraction of mycotoxins, denatured 99% ethanol (with MEK and Bitrex IPA, CHEMSOLUTE; Th.Geyer) 

was used. It was diluted to 70% (vol/vol) for the extraction of samples. Samples were extracted in 50 mL 

polypropylene centrifuge tubes and diluted in 2  mL polypropylene centrifuge tubes. Reagents were dispensed 

using reservoirs for multi- channel pipettes. 

An analytical balance (Pioneer PX225D, Ohaus), a microtiter plate shaker (TITRAMAX 101, Heidolph Instruments), 

a rotator (LLG- UNILOOPMIX 2), and centrifuges (Megafuge 8R, Thermo Fisher, and MiniSpin, Eppendorf) were 

used for analysis. Sample Blank materials were ground and homogenized using a mill (A 11 basic Analysenmühle, 

IKA), dried fruits  were frozen with liquid nitrogen prior milling.  Single- channel pipettes (Research plus, 

Eppendorf) with matching polypropylene non - sterile tips from Brand LABSOLUTE and Eppendorf were used 

for dilution. For execution of the assay, electronic 8 - channel pipettes (Xplorer, Eppendorf) were used in 

dispensing mode. 
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Reference Materials  and Blank Materials 
The Following reference/QC materials were used in the validation. The materials RM- 15 to RM48 were obtained 

ŦǊƻƳ ǘƘŜ ƳŀƴǳŦŀŎǘǳǊŜǊ ŀǎ άv/ ƳŀǘŜǊƛŀƭǎέ όƳŀǘŜǊƛŀƭǎ ŦǊƻƳ ŦƻǊƳŜǊ ƛƴǘŜǊƭŀōƻǊŀǘory comparison tests). RM- 48 was 

solely used for the estimation of ruggedness. 

Table 3. Overview of reference materials used in this study. 

Sample Nr. Name Batch / Sample  Manufacturer  Matrix  

RM- 15 FCMO1- DRA13QC T17215QC FAPAS Wine 

RM- 18 FCMM3- CCP32QC T04482QC FAPAS Maize Flour 

RM- 22 FCMO1- DRA13QC T04508QC FAPAS Oat Flour 

RM- 23 FCMF2- PRO17QC T22206QC FAPAS Dried Pasta 

RM- 24 FCMM4- FRU38QC T04484QC FAPAS Dried Figs (Slurry) 

RM- 32 FCMM4- NUT14QC T04502QC FAPAS Pistachio (Slurry) 

RM- 33 FCMM10- CCP49QC T22231QC FAPAS Wheat Flour 

RM- 34 FCMM3- CCP68QC T04500QC FAPAS Durum Wheat 

RM- 36 FCMM4- NUT17QC T04485QC FAPAS Sesame Paste (Tahini) 

RM- 46 FCMM4- CCP4QC T04487QC FAPAS Barley Flour 

RM- 48 FCMM3- CCP68QC T04535QC FAPAS Durum Wheat 

Table 4. Mass fractions (Mean values) and target range values for the mycotoxins in the Reference materials. The target range of 

reference materials from Round- robin exercises are consistent within the range of - 2 Җ Z-{ŎƻǊŜ Җ ҌнΦ (n.d.: not defined) 

 Mean Value of Mycotoxins and range of acceptable value (z = 2) [µg/kg]  

Sample 

Nr. 

Aflatoxins  

(AFL) 

Deoxynivalenol 

(DON) 

Zearalenone 

(ZEN) 

Ochratoxin A  

(OTA) 

Fumonisins 

(FUM) 

T- 2/HT - 2 Toxin 

(T- 2/HT - 2) 

RM- 15 n. d. n. d. n. d. 
1.53  

(0.86- 2.20) 
n. d. n. d. 

RM- 18 
4.72* 

(2.64 -  6.80) 

1385  

(963 -  1806) 

186  

(110 -  263) 

2.52 

(1.41 -  3.63) 

640 

(421 ς 859) 

104 

(58 -  149) 

RM- 22 
8.47  

(4.74 -  12.19) 

n. d. n. d. 5.21 

(2.92 -  7.50) 
n. d. 

190 

(112 -  268) 

RM- 23 n. d. 
769 

(513 -  1024) 

56  

(31.4 -  80.6) 
n. d. n. d. 

36.3  

(20.3 -  52.2) 

RM- 24 
7.72  

(4.32 -  11.12) 
n. d. n. d. 

9.72 

(5.44 -  14.00) 
n. d. n. d. 

RM- 32 
9.36 

(5.24- 13.48) 
n. d. n. d. 

7.64  

(4.28- 11.0) 
n.d. n. d. 

RM- 33 
8.63  

(4.83- 12.43) 

796  

(532- 1059) 

81.8  

(45.8- 117.8) 
n. d. n. d. 

92.8 

(52.0- 133.6) 

RM- 34 
2.31 *  

(1.29- 3.33) 

1240 

(856- 1624) 

131 

(74- 188) 

2.72 

(1.52- 3.92) 

467 

(299- 635) 

80.9 

(45.3- 116.5) 

RM- 36 
8.56 

(4.79- 12.33) 
n. d. n. d. 

8.25 

(4.62- 11.88) 
n. d. n. d. 

RM- 46 
7.2  

(4.03 -  10.37) 
n. d. n. d. 

2.51 

(1.40 -  3.61) 
n. d. n. d. 

RM- 48 
1.88 * 

(1.05- 2.71) 

874 

(589- 1159) 

122 

(68- 1159) 

3.45 

(1.93- 4.96) 

617 

(405 ς 830) 

117 

(66.0- 168) 

*Results given for aflatoxin B1. No indications for total aflatoxin content  
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The following sample blank materials were used in the validation. All Materials were tested prior analysis and 

were found to be negative for the mycotoxins, except for  LAB- 13, which contained DON in quantities of approx. 

50 µg/kg.  

Table 5. Overviews of the blank materials. 

Sample 

Nr. 

Name Brand Manufacturer  Description /Ingredients  

M- 43 Zarte Haferflocken K- Bio Ceralia Getreideprodukte GmbH whole grain oatmeal 

M- 53 
Das Landknäcke nit 

Dinkel 
Burger Burger Knäcke GmbH + Co. KG 

Whole grain rye flour, spelt 

flakes, whole grain spelt 

flour, table salt 

M- 101 Spätlese Prädikatswein Rebenblick 
Zimmermann- Graeff & Müller 

GmbH 
White wine 

M- 104 Polenta Maisgrieß K- Classic Scheller Mühle GmbH cornmeal 

M- 105 Maccaroni K- Classic Bon Pasta GmbH durum wheat semolina 

M- 137 Butter Spritzgebäck K Classic 
Continental Bakeries 

Deutschland 

Wheat flour, clarified butter 

(29%), milk, sugar, egg, table 

salt 

LAB- 1    
Puff pastry pocket filled with 

Myzithra and feta cheese 

LAB- 2    
Cheese rolls filled with 

Myzithra and feta cheese 

LAB- 13    spelt flour  

LAB- 14    wheat flour 

LAB- 17    Multigrain toast rolls 

LAB- 18    Frozen cake, plum 

SAFIA Kits and Assay Procedure 

The SAFIA kits with batch - number 45971- SCR/HT2- 1L were used for analysis. Samples were extracted 

according to the kit protocol and measured at a fixed overall dilution factor of 8; all reported concentrations 

refer to the original sample.  The procedure is described briefly.  

Sample Preparation  

1. 5 g of sample material was weighed in. 

2. 10 mL of 70% (vol/vol) ethanol was added, and the samples were shaken for 15 min in an overhead 

shaker. 

3. The mixture was centrifuged for 5 min at 1000 g, and 1 mL of the supernatant was collected . 
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4. 250 µL of sample was diluted in 750 µL of sample buffer. (The extract was diluted 1:4 (one part sample 

to 3 parts sample buffer). The dilution was briefly shaken and then centrifuged again at 12,000 g for 

10 min. 

Replicates and Plate Layouts 

The analyses were performed by two operator s to assess method robustness: operator  1 was highly 

experienced (more than 200 assays performed), whereas operator  2 had received training and had performed 

approximately 20 assays. Both were experienced in the execution of immunoassays. 

On each plate, a full calibration curve comprising eight standards was included and measured in duplicate. A 

reagent blank (70% ethanol, diluted 1:4 in sample buffer) was also included on each plate and measured at least 

in duplicate. QC materials and negative matrices (sample blanks) were analyzed in total four times (two runs 

per operator ) and measured in triplicate on each plate. LLOQ confirmation by spiking was performed in two 

runs per sample by operator  2 and measured in triplicate on each plate. ULOQ verification was conducted at 

two concentration levels; therefore, each sample was analyzed once per level in triplicate on each plate. For 

ruggedness evaluation, the 24 DoE runs were executed in duplicate, and each individual sample was measured 

in duplicate on a single plate. 

The plate layout was block - randomized between runs to minimize systematic position effects, including 

potential plate - edge effects. Detailed plate layouts, including the distribution of standards, blanks, QC 

materials and samples for each run, are provided in the Annex.  

Assay Execution  

1. Initially, 25 µL of the diluted sample or standard was added to each well of the microtiter  plate, 

following the selected plate layout.  

2. Subsequently, the following were added sequentially: 

a. 10 µL particle working solution, which was thoroughly shaken for at least 20 seconds before 

filling 

b. 25 µL primary antibody (AK 1) 

c. 50 µL secondary antibody (AK 2) 

3. The microtiter  plate was then incubated for 20 minutes and shaken using a microtiter  plate shaker. 

4. Next, 50 µL of fixing solution was added, and the plate was incubated for an additional 5 minutes. 

5. Subsequently, 140 µL of DI water was added. 

6. The measurement in the flow cytometer was started 

CyFlow Cube 6 V2m Measurement and Data Evaluation 

After fixation of the assay, the measurement took place on the 1- laser flow cytometer CyFlow Cube 6 V2m. 

CyView software was used to control the cytometer. Device functionality was verified using SAFIA Check before 

starting the analysis. The provided configuration files for readout were utilized with specific settings: a flow rate 

of 0.5 µL/s and at least 10 µL per well or sample was analyzed. 

The quantification of mycotoxins (processing raw FCS data) was performed using the automated gating function 

within SAFIA Score. Raw particle events were classified and analyzed using a density- based clustering algorithm. 

This method dynamically fits elliptical gates around population centroids within the dot - plots, ensuring that 

particle populations are correctly identified independent of potential signal drifts or operator bias . 



 

 
28.01.26 ω 11 / 95 Validation of the mycoProfile TotalTox 6 Kit · SAFIA Technologies 

Subsequently, the Median Fluorescence Intensities (MFI) were extracted from the corresponding histograms 

for each analyte. In SAFIA Score, these quantitative values were used to generate a 4- parametric calibration 

curve for the calculation of final sample concentrations . 

ὓὊὍ 
 

ὃ           Equation 1 

, with MFI the measured signal in arb. u., A1 the upper and A2 the lower asymptote of the curve in arb. u., p the 

hillslope, IC50 the test - midpoint and c(analyte) the concentration in µg/L of the analyte.  

The concentration of the analyte was calculated via equation:  

ὧὥὲὥὰώὸὩ Ὅὅ
 

ρ         Equation 2 

A total dilution factor of 8 was applied to all reported concentrations. A Grubbs Outlier test at significance level 

ʰ Ґ лΦлр ǿŀǎ ǳǎŜŘ ǘƻ ŘŜǘŜŎǘ ƻǳǘƭƛŜǊ ƳŜŀǎǳǊŜƳŜƴǘǎΦ  

Analysis of Variance (ANOVA) was performed in jamovi (Version 2.6; The jamovi project, 2024), an open- source 

statistical spreadsheet built on the R language, using one way ANOVA for single factor comparisons and factorial 

ANOVA for the ruggedness DoE.  

Correction Factors Used in SAFIA  

For calibration, assay results for AFL and ZEN were adjusted using fixed recovery correction factors of 1.5 and 

1.25, respectively. 

The AFL parameter is designed to report the sum of aflatoxins B1, B2, G1 and G2. Because the antibody cross 

reactivity differs among the individual aflatoxins, the combined response is slightly biased towards the more 

strongly reacting congeners. In our system, cross reactivity ranges from approximately 100% for AFB1 down to 

about 62% for AFG2. Factor 1.5 is therefore applied to compensate for the lower response of the less reactive 

congeners and to improve agreement when mixed aflatoxin patterns are present. 

The ZEN correction factor (1.25) was determined experimentally based on routine recovery observations, where 

recoveries around 75% were consistently obtained. A plausible explanation is the lower extraction efficiency 

of ZEN in the ethanol- based extraction procedure due to its comparatively lower polarity.  

When interpreting results, these correction factors must be considered in spike experiments and QC materials. 

If samples are spiked exclusively with AFB1, applying the AFL correction factor would lead to an overestimation; 

therefore, results were back conv erted by dividing by 1.5 in this study for AFB1 only spike experiments and for 

QC materials indicating an AFB1 value only. For ZEN, the correction was applied to all samples, as all samples 

were affected by the lower extraction efficiency.  
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Results and Discussion 

Calibration  
SAFIA uses a sigmoidal calibration curve for quantification of the analytes. To assess precision and stability of 

the calibration curves, results from nine calibration curves were evaluated, four from the high skill operator 

and five from the medium skill operator. Each calibration point was measured in duplicate on each plate. Also, 

all calibration curves from both operator s were averaged, compare to Figure 2. 

A 

 

(n = 8) 

B 

 

(n = 10)  

                                        C 

 

                                        (n= 18) 

Figure 2. Average calibration curve of all SAFIA Assays. A) High Skill operator  B) Medium Skill operator  C) Both operator s.   

The calibration for both experiments was highly reproducible. Relative of standard deviation (RSD) values were 

only slightly lower for the highly skilled operato r and still in the range below 8 % for both operator s. This shows 
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that calibration has a high robustness. For a high- precision analysis this means that a calibration curve should 

be generated when switching between operator s. The difference might be explainable e.g. in the Speed of the 

reagents added to the samples in the mic rotiter plate, since the incubation time is s critical factor for SAFIA, 

ŎƻƳǇŀǊŜ ǘƻ ǎŜŎǘƛƻƴ άRuggednessέΦ If one operator  performs SAFIA, it should be possible to run assays on 

different days, without the need for calibration on every single day. The repeatability of the calibration curves 

generated under the same conditions is thus very high. 

Table 6. Minimal, Maximal and Median RSD values of median fluorescence intensity of each calibrant for all toxins. 

Operator  RSD Control  OTA DON FUM ZEN AFL T- 2/HT - 2 

High Skill  

 

MIN 1.2% 3.0% 5.6% 2.0% 1.9% 2.8% 2.2% 

MAX 5.6% 5.3% 9.8% 2.8% 5.6% 7.3% 5.4% 

Mean 3.7% 4.1% 7.6% 2.6% 3.9% 4.8% 3.9% 

Medium Skill 

MIN 1.5% 2.5% 3.7% 1.8% 2.5% 3.1% 1.6% 

MAX 3.9% 7.3% 5.3% 3.4% 5.5% 9.1% 7.4% 

Mean 3.1% 4.8% 4.3% 2.4% 3.6% 5.9% 4.0% 

Both 

MIN 1.5% 2.9% 5.2% 2.4% 3.3% 3.5% 2.6% 

MAX 5.3% 6.1% 8.5% 3.2% 4.8% 9.7% 6.5% 

Mean 3.7% 4.6% 7.1% 2.6% 3.8% 6.1% 4.3% 

Linearity  

The linear region of the calibration curve corresponds approximately to the IC20 -  IC80 values (20% and 80% 

inhibition compared to the upper asymptote). This region can be used as an estimate of the quantification 

limits, especially for untested matrices. As expected, no significant differences  were found between operator s. 

Hence, all values were averaged. 

Table 7. IC20 and IC80 values for all analytes, generated by the average calibration curves (n = 18). The range from all individual curves is 

given in brackets. 

Parameter  
OTA 

(Min- Max) 

DON 

(Min- Max) 

FUM 

(Min- Max) 

ZEN 

(Min- Max) 

AFL 

(Min- Max) 

T- 2/HT - 2 

(Min- Max) 

IC20 [µg/L]  
0.136 

 (0.126 -  0.146) 

5.85  

(5.18 -  6.46) 

2.69 

(2.46 -  2.88) 

0.786  

(0.685 -  0.894) 

0.0946  

(0.0810 -  0.100) 

1.10  

(1.02 -  1.25) 

IC80 [µg/L]  
1.72  

(1.59 -  1.84) 

87.3  

(81.7 -  92.1) 

42.2 

 (39.9 -  45.1) 

13.6 

(12.0 -  14.7) 

0.602  

(0.548 -  0.635) 

25.4  

(22.8 -  26.4) 

Limit of Detection  

Estimation of LODs via repetitive measurement of sample blanks 

The Limit of Blank (LOB), Limit of Detection (LOD) were calculated according to DIN:ISO 32645 via  

ὒὕὄὧ ρȟφτυ „          Equation 3, 
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ὒὕὈ ὧ σ „           Equation 4, 

with c blank the found mean concentration of the analyte in the blank material and b̀lank the standard deviation 

of the blank measurements . bƻǘŜΣ ǘƘŀǘ ǘƘƛǎ ŀǇǇǊƻŀŎƘ ǿŀǎ ŎƘƻǎŜƴ ƛƴǎǘŜŀŘ ƻŦ ŜΦ ƎΦ [h5 Ґ о ˋBlank because the 

mean values of blanks are usually different from zero.  Values above the upper asymptote A 1 were set to 

άл.00 ҡƎκƪƎέ. Values of all experimental runs were included in the calculation.  The following values were 

generated from all measurements.  

Table 8. Results of the negative samples. Given are the means of all measurements (4 x 3 = 12) and the standard deviation 

Sample OTA [µg/kg ] DON [µg/kg ] FUM [µg/kg ] ZEN [µg/kg ] AFL [µg/kg ] T- 2/HT - 2 [µg/kg ] 

Blank 0.111 ± 0.136 4.59 ± 4.21 0.243 ± 0.442 0.596 ± 0.622 0.148 ± 0.151 0.500 ± 0.695 

M- 43 0.0465 ± 0.0569 15.0 ± 5.11 0.932 ± 1.39 0.0987 ± 0.297 0.216 ± 0.181 7.20 ± 2.32 

M- 53 0.283 ± 0.182 25.0 ± 7.48 2.01 ± 2.56 0.554 ± 0.541 0.541 ± 0.180 7.37 ± 1.72 

M- 101 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 

M- 104 0.0345 ± 0.0559 14.6 ± 6.61 25.0 ± 12.9 0.184 ± 0.266 0.107 ± 0.138 2.14 ± 1.57 

M- 105 0.115 ± 0.149 18.0 ± 6.25 1.18 ± 1.53 0.597 ± 0.640 0.126 ± 0.141 2.18 ± 1.42 

M- 137 0.199 ± 0.173 27.6 ± 4.83 2.68 ± 1.81 0.911 ± 0.868 0.318 ± 0.202 2.51 ± 1.30 

LAB- 1 0.685 ± 0.191 9.11 ± 6.62 16.9 ± 3.27 1.16 ± 0.947 0.225 ± 0.222 0.893 ± 0.853 

LAB- 2 0.904 ± 0.158 20.4 ± 5.04 28.7 ± 3.05 2.22 ± 0.914 0.205 ± 0.185 1.08 ± 0.785 

LAB- 13 0.0885 ± 0.0966 > LOD 1.64 ± 1.97 1.20 ± 0.857 0.352 ± 0.218 6.03 ± 2.30 

LAB- 14 0.385 ± 0.143 24.5 ± 5.27 4.00 ± 2.23 1.52 ± 0.777 0.148 ± 0.154 0.935 ± 0.800 

LAB- 17 0.207 ± 0.200 8.17 ± 7.85 6.83 ± 3.19 0.00 ± 0.00 0.317 ± 0.200 0.941 ± 0.913 

LAB- 18 0.000510 ± 0.00169 0.00 ± 0.00 1.86 ± 2.34 0.00 ± 0.00 0.0332 ± 0.0752 0.544 ± 0.565 

 

From these values, the following LODs were derived, see Table 9. 

Table 9. Limit of blank and limit of  detection according to DIN:ISO 32645, estimated via repetitive measurements of the negative samples 

and detection limits estimated via precision profile.  

Parameter  OTA [µg/kg]  DON [µg/kg]  FUM [µg/kg]  ZEN [µg/kg]  AFL [µg/kg]  T- 2/HT - 2 [µg/kg]  

cblank ± b̀lank 0.247 ± 0.306 14.8 ± 10.7 7.70 ± 10.6 0.704 ± 0.927 0.216 ± 0.223 2.65 ± 2.90 

LOB 0.750 32.4 25.1 2.23 0.582 7.42 

LOD 1.16 47.0 39.4 3.49 0.883 11.3 
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Estimation of LODs via precision profile of the calibration curves  

For the estimation of the limit of detection, a precision profile approach can also be applied rather than the 

DIN:ISO 32645 blank value method. DIN:ISO 32645 is primarily formulated for the linear calibration case under 

repeatability conditions and relies on assumptions that are not fulfilled for indirect competitive immunoassays, 

namely a sigmoidal dose response with inverse proportionality between sign al and concentration and a 

concentration dependent, heteroskedastic error structure across the calibration range. Under these 

conditions, transferring the DIN 32645 concept to a logistic calibration typically leads to overly pessimistic 

detection limits be cause the error variance increases toward the low and high ends of the sigmoidal curve and 

is not constant as assumed in simple regression- based approaches. Therefore, the LOD was derived from the 

calibration - based precision profile obtained from  all replicate measurements along the fitted logistic curve, 

expressing precision as a function of concentration. The Precision profile was calculated according to  

 

ὼ ρππ ς         Equation 5,  

wƘŜǊŜ Ȅ ƛǎ ǘƘŜ ǊŜƭŀǘƛǾŜ ŜǊǊƻǊ ƻŦ ǘƘŜ ŎƻƴŎŜƴǘǊŀǘƛƻƴΣ ŀƴŘ ˋόaCLύ ƛǎ ǘƘŜ ǎǘŀƴŘŀǊŘ ŘŜǾƛŀǘƛƻƴ ƻŦ the signal intensity of 

each calibration point. The precision profile was calculated for both operator s separately and from the 

averaged calibration curves, see Figure 2 . To obtain a U- shaped precision profile, th e following equation was 

used and fitted to the data . To avoid overfitting, extreme values at the ends of the calibration ranges were 

truncated.  

 

ὖὖ ὃὼ ὅ           Equation 6,  

where PP is the fitted precision profile , and A, B, C, D, E are the obtained parameters of the curve.  The upper 

and lower detection ranges can be estimated at inter section at 30 % relative error  of calibration. The LOD of 

the entire method  can then be derived by multiplying the obtained value with the dilution factor of extraction 

and further dilution steps, which is for this method a factor of eight. As the precision profile shows a typical U-

shape, there are two Limits of detection: A lower LOD (LLOD) and an upper LOD (ULOD). The range between 

LLOD and ULOD can be considered the working range of the assay.  
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Figure 3. Precision profiles of the SAFIA calibration curves. 

The precision profiles obtained by the two operator s show very good agreement for the parameter Control, 

OTA, FUM, ZEN and AFL. Consequently, only minor differences in the estimated LOQs are expected for these 

analytes. For T- 2/HT- 2 and DON, small but noticeable deviations between the two precision profile s were 

observed. For DON, the precision profile of operator  2 suggests a lower LLOD, whereas for T - 2/HT- 2 the 

precision profile of operator  1 indicates a higher ULOD. These differences likely reflect normal operator - to-

operator variability, for example slight differences in pipetting and handling, rather than systematic 

methodological effects. In line with this, operator  2 showed slightly lower standard deviations across the DON 

calibration curve, while operator  1 exhibited lower standard deviations in the upper concentration range of the 

T- 2/HT- 2 curve. Using the averaged precision profile across both operator s is therefore considered the most 

representative approach for estimating LLOD and ULOD, as it refl ects routine performance and yields 

conservative, realistic limits. 
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Table 10. Lower Limits of Detection derived from the precision profiles of the calibration curves. For comparison, the IC20 multiplied by 

the dilution factor (beginning of quasi- linear range) and values of the LOD from repetitive matrix measurements are given. 

Parameter OTA 

[µg/kg]  

DON 

[µg/kg]  

FUM 

[µg/kg]  

ZEN 

[µg/kg]  

AFL 

[µg/kg]  

T- 2/HT- 2 

[µg/kg]  

Lower LOD Precision Profile 0.106 10.1 1.24 0.480 0.0891 0.861 

8 x LLOD Precision Profile 0.846 81.0 9.91 3.84 0.713 6.89 

For comparison  

8 x IC20  1.09 46.8 21.5 6.29 0.757 8.82 

LOD (Blank Matrix) 1.16 47.0 39.4 3.49 0.883 11.3 

 

Only for AFL and ZEN comparable values were achieved via both methods. The LLOD of the precision profile  

received for OTA, FUM and T- 2/HT- 2 are smaller, compared to the LODs of the DIN:ISO 32645 method. The 

reason for this is the higher background, and thus higher standard deviation received from repetitive  blank 

measurements, leading to a higher LOD. For DON, a lower LOD is achieved via the precision profile. The reason 

for this lies within the higher standard deviations of the  averaged calibration  curves of both operator s. Hence, 

the influence of the operator  on the DON- Curve is higher than for all other curves , which results in a higher 

LOD.  

 

The Upper LODs of the averaged curve are far below the IC80, even far below the IC90 (90 % inhibition against 

the upper asymptote of the curve)  points of the calibration curves. For Measurement in real samples, it must 

be considered that also matrix- effects might influence the measurement, leading to measurements with high 

uncertainty in this  άǎƘŀƭƭƻǿέ region of the calibration curves. To give a realistic estimate of the ULOD we 

conducted spiking experiments, also to include effects of the matrix, see section Limits of Quantification and 

working range, and include a much smaller range. The values obtained here should be therefore considered as 

absolute maximum values only obtainable under ideal conditions, i.e. absence of a matrix.   

Table 11 Upper Limits of Detection derived from the precision profiles of the calibration curves. For comparison, the IC80  values (end of 

quasi- linear range) and IC90 multiplied by the dilution factor  are given. 

Parameter OTA 

[µg/kg]  

DON 

[µg/kg]  

FUM 

[µg/kg]  

ZEN 

[µg/kg]  

AFL 

[µg/kg]  

T- 2/HT- 2 

[µg/kg]  

Upper LOD Precision Profile 23.8 814 607 297 4.77 210 

8 x ULOD Precision Profile 190 6510 4860 2380 38 1680 

For Comparison  

8 x IC80 13.7 698 338 109 4.81 200 

8 x IC90 28.8 1540 755 201 8.26 500.0 

A consensus value for LODs from both approaches   

According to Eurachem, the limit of detection (LOD) is the lowest analyte concentration that can be detected 

with a specified level of confidence. In statistical terms, the LOD is commonly treated as a decision threshold 
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ŎƘƻǎŜƴ ǘƻ ŎƻƴǘǊƻƭ ǘƘŜ ǇǊƻōŀōƛƭƛǘȅ ʰ ƻŦ ŦŀƭǎŜƭȅ ŎƭŀǎǎƛŦȅƛƴƎ ŀ ōƭŀƴƪ ƻǊ ƴŜƎŀǘƛǾŜ ǎŀƳǇƭŜ ŀǎ ǇƻǎƛǘƛǾŜΣ ǿƛǘƘ ʰ ƻŦǘŜƴ ǎŜǘ 

to 5% (corresponding to 95% confidence). To select an LOD definition suitable for routine testing, several 

candidate thresholds were compared against the empirical blank distribution (n = 148 to 160 per analyte). The 

criterion LOD = c blank Ҍ оˋblank ǊŜǎǳƭǘŜŘ ƛƴ ŀǘ Ƴƻǎǘ ƻƴŜ ŜȄŎŜŜŘŀƴŎŜ ǇŜǊ ŀƴŀƭȅǘŜ όҖ лΦс҈ύΣ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ŀ ƭƻǿ 

false positive risk. In contrast, IC20 based and precision profile - based thresholds were exceeded more 

frequently for some analytes, indicating an unacceptably permissive decision threshold when interpreted as 

LOD. We therefore report the blank based LOD as the detection decision threshold and use spiking confirmed 

LLOQ and ULOQ to define the quantitative working range. 

Table 12. Comparison of LOD estimates (blank- based, IC20, and precision-profile LLOD) and the fraction of measurements below each 

threshold for OTA, DON, FUM, ZEN, AFL, and T- 2/HT- 2. 

Parameters OTA DON FUM ZEN AFL T- 2/HT - 2  

Total measurements 160 148 160 160 160 160 

╛╞╓ ╬╫■╪▪▓ Ɑ╫■╪▪▓ 

LOD 1.16 47.0 39.4 3.49 0.883 11.3 

Number of measurements > LOD 0 0 0 1 0 1 

Fraction < LOD 100% 100% 100% 99.4% 100% 99.4% 

LOD = IC20 

8 x IC20  1.09 46.8 21.5 6.29 0.757 8.82 

 

1 0 18 0 2 7 

Fraction < IC20 100% 99.4% 88.8 100% 100% 98.8% 

LLOD of precision  profile  

8 x LLOD Precision Profile 0.846 81.0 9.91 3.84 0.713 6.89 

Number of measurements > 

LLOD Precision Profile 

11 0 36 0 3 19 

Fraction < LLOD Precision Profile 93.1% 100% 77.5% 100% 98.1% 88.1% 

Limit s of Quantification  and working range  
The limit of quantification (LOQ) is the lowest measurand level at which the analyte can be quantified with 

acceptable performance, where acceptability is defined by the fitness for purpose requirements, typically 

expressed in terms of precision, trueness and or measurement uncertainty. For the SAFIA assay, LOQ was 

assessed following the Eurachem method validation guide using experimental confirmation as described in 

Quick Reference 4(c). Candidate quantification limits derived from the calibration function  and the precision 

profile were verified by spiking an appropriate blank matrix at the proposed lower and upper LOQ levels and 

analyzing replicate samples under intermediate precision conditions. Trueness (recovery), precision (RSD) and 

the expanded measurement uncertainty were evaluated against predefined performance criteria. The lower 
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and upper LOQ were defined as the lowest and highest concentrations at which these criteria were fulfilled, 

thereby establishing the working range of the assay. 

In competitive immunoassays, the error variance is typically heteroskedastic and strongly concentration 

dependent due to the sigmoidal calibration function and the indirect response format. Therefore, a simple 

blank based rule such as LOQ= cblank Ҍ млϊˋblank can be overly conservative, as it is dominated by the 

comparatively high variability observed at or near the blank and may underestimate the practically achievable 

quantification performance at low but nonzero concentrations.  For example, the relative standard deviation of 

OTA derived from blank measurements was 124%, whereas the typical precision observed for nonzero materials 

in this study, such as the QC materials, averaged 8%.  

For LLOQ estimation, the following concentration levels were selected , see Table 13. First, they are above the 

IC20 region and therefore fall within the quasi - linear part of the calibration curve. Second, except for DON, 

they also lie within the LOD ranges derived from the precision profiles (the higher LLOD observed for DON is 

discussed above). Third, the selected levels are at or above the estimated LOD, ensuring that quantification is 

assessed at concentrations where reliable detection has already been demonstrated.  

For ULOQ estimation, upper LOQ values were determined in a two - step approach. First, provisional ULOQ 

levels were selected based on the IC90 values, as the precision profiles indicated that quantification should be 

feasible in this concentration range. During experimental confirmation, however, it became evident that these 

initial ULOQ estimates were too high for AFL, DON, ZEN, FUM and T- 2/HT- 2, as performance criteria were no 

longer met . The proposed ULOQ levels were therefore reduced and reassessed until acceptable recovery, 

intermediate precision and measurement uncertainty were achieved, compare to  Table 13.   

Table 13. Estimated LLOQS and ULOQS of the SAFIA Assay 

Parameter  Spiked LLOQ [µg/kg]  Spiked ULOQ 1 {µg/kg] Spiked ULOQ 2 [µg/kg] 

AFL 0.900 20.0 15.0 

DON 50.0 2000 1500 

FUM 50.0 1000 700 

OTA 1.20 50.0 50 

T- 2/HT- 2 11.0 500 300 

ZEN 3.00 400 300 

 

Consequently, blank matrices were spiked at the target analyte concentrations and analyzed in triplicate. In 

addition, a reagent blank (70% ethanol) was spiked in parallel to assess potential bias introduced by the spiking 

procedure. To evaluate intermediate precision, the complete experiment was repeated on a second 

measurement day, for the LLOQ Levels.  

For the LLOQ experiments, results were blank- corrected using matrix - matched blanks. Specifically, for each 

matrix the mean result of the corresponding unspiked blank material was subtracted from the mean result of 

the spiked material (e.g., ethanol blank from ethanol spike, M- 43 blank from M- 43 spike and so on). Blank and 

spiked samples were not measured within the same analytical run; therefore, blank correction was applied on 

the level of averaged results across runs to mitigate systematic background contributions ob served for some 

matrices at very low concentrations. For the ULO Q experiments, no blank correction was applied, since the 
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spiking levels were at least one order of magnitude higher than the responses observed in negative samples 

and the influence of the blank was therefore negligible. Results for the individual samples are provided in the 

Annex. 

During these measurements, two samples showed clear, analyte specific and level dependent matrix 

interferences. Sample LAB- 18 (plum cake) resulted in a strong underestimation of DON and, in particular, ZEN, 

while sample LAB- 17 (multigrain toast rolls) showed an underestimation of ZEN. The effect occurred 

predominantly at the lower spiking levels, where ZEN even yielded an apparent zero signal, which is unusual for 

competitive immunoassays where positive bias is more commonly observed. The level dependence suggests a 

concentration dependent interference, for example reduced extraction efficiency close to the LOQ or specific 

binding or chemical transformation that becomes less relevant at higher analyte levels. A general fluorescence 

related effect, such as increased background or quenching, is unlikely because none of the other analytes were 

affected. The underlying cause remains unclear and may reflect a matrix component acting selectively on DON 

and or ZEN. For data evaluation, these two samples were excluded for DON and ZEN. 

As a benchmark for LOQ confirmation, the accuracy study results were used, because quantification of all 

analytes in those samples was satisfactory (all z -ǎŎƻǊŜǎ ǿŜǊŜ ǿƛǘƘƛƴ ҍн ǘƻ ҌнύΦ ¢ƘŜ [hv ǿŀǎ ǘƘŜǊŜŦƻǊŜ 

considered confirmed when measurements at the pro posed LOQ levels achieved  medium recovery rate 

between 70 and 130 %, the target range for SAFIA. The trueness (recovery), (intermediate ) precision, and 

expanded measurement uncertainty should also be comparable to the one obtained from measurement of QC 

materials. One- way ANOVA was used to identify and document potential systematic performance differences 

between the concentration levels investigated. However, the selection of LLOQ and ULOQ was primarily based 

on compliance with the predefined fitness - for - purpose criteria (recovery,  intermediate precision, and MU). 

Statistical significance between levels was reported as supporting information and does not, by itself, imply that 

a level is unsuitable if the acceptance criteria are met. The results are summarized in Table 14. 

The expanded measurement uncertainty (MU95, k = 2) was estimated using a top- down approach based on the 

observed performance in the spiking experiments. For low - level experiments where blank correction was 

applied, the corrected concentration was calculate d as the difference between the mean result of the spiked 

sample and the mean result of the matrix - matched blank. The associated standard uncertainty was then 

estimated from the combined contributions of the bias and the variability of both terms, i.e.  

ό ὦ ίsample ίblank         Equation 7, 

where ὦ is the deviation from the nominal spike level and ίsample and ίblank are the standard deviations of the 

measured spiked and blank samples (as intermediate precision of all runs), respectively. For higher 

concentration levels where no blank correction was applied, the uncertainty was estimated analogously but 

without the blank term, i.e.  

ό ὦ ίsample.          Equation 8. 

 The expanded uncertainty was obtained as  

 

 ὓὟ Ὧz όȟὯ ς          Equation 9 

The uncertainty of the spiking standards (purity and preparation of spiking solutions) was not included. This is 

justified because the standards were supplied with high stated purity and the spiking solutions were prepared 

using the same balance, pipettes and procedure throughout the study. Consequently, any residual systematic 

contribution from standard preparation would be largely common mode  across all spike levels and matrices 
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and would not affect the relative comparison of performance between levels; the reported MU therefore 

reflects the analytical method performance (extraction and measurement) rather than the uncertainty of the 

reference spike value. 

Table 14. Comparison of Recovery, Precision and measurement uncertainty of the different spiking levels (LLOQ, ULOQ 1 and ULOQ 2). 

Given are the mean values and the range of the minimum to maximum. For ULOQS, instead of intermediate precision, the intra- assay 

precision is reported.  

Accuracy 

Criterion  

Paramet

er 

AFL DON FUM OTA T- 2/HT - 2 ZEN 

Recovery 

[%] 

LLOQ 

Level 

98% (75% -  

124%) 

88% (74% -  

119%) 

96% (79% -  

112%) 

94% (78% -  

113%) 

102% (85% -  

154%) 

102% (82% -  

125%) 

ULOQ 

Level 1 

93 (74 -  116) 85 (80 -  90) 86 (77 -  98) 123  

(96 -  158)** 

80 (65 -  99)* 101 (86 -  119) 

ULOQ 

Level 2 

72 

 (65 -  81)**  

63 

 (54 -  69)**  

34 

 (26 -  40)**  

93 (61 -  158) 39 

 (34 -  50)**  

87 (82 -  98)* 

QC-

material 

92 (63 -  119) 102 (86 -  

112) 

109 (105 -  

113) 

93 (69 -  112) 111 (94 -  126) 95 (83 -  104) 

Precision 

(RSD, [%]) 

LLOQ 

Level 

8 (4 -  13) 14 (10 -  26) 11 (4 -  22) 9 (5 -  19) 15 (10 -  21) 11 (5 -  17) 

ULOQ 

Level 1 

10 (2 -  16) 5 (1 -  7)** 6 (4 -  11) 6 (2 -  15) 7 (3 -  13)** 4 (2 -  7)* 

ULOQ 

Level 2 

13 (5 -  22) 7 (3 -  10)** 5 (2 -  7)** 8 (3 -  15) 11 (7 -  13)** 7 (3 -  10) 

QC-

material 

9 (5 -  14) 11 (7 -  14) 14 (13 -  15) 8 (4 -  11) 13 (7 -  17) 10 (3 -  17) 

MU95 

 (k =2) 

[%] 

LLOQ 

Level 

49 (30 -  82) 63 

 (35 -  92)** 

40 (23 -  92) 40 (20 -  59) 51 (31 -  84) 60 

 (41 -  89)**  

ULOQ 

Level 1 

40 (9 -  74) 37  

(22 -  51)** 

38 (11 -  62) 38 (11 -  80) 55 (14 -  109) 20 

 (12 -  34)**  

ULOQ 

Level 2 

85 (54 -  114) 122 

 (90 -  171)** 

403 (297 -  

560)**  

55 (17 -  129) 315 (200 -  

382)** 

38 (16 -  68) 

QC-

material 

60 (17 -  118) 29 

 (14 -  38)**  

32 (26 -  37) 43 (12 -  92) 36 (23 -  48) 38 (16 -  68) 

** Indicate statistically difference  (p < 0.05) to one other Level or the QC Material  form the One- Way ANOVA. 

All proposed LOQS and ULOQs were experimentally confirmed, as recovery, intermediate  or intra - assay 

precision, and MU95 at the selected upper levels were comparable to the QC material and met the predefined 

fitness- for - purpose criteria. For AFL, DON and FUM, the initially proposed highest levels (20 µg/kg, 2000 µg/kg 

and 1000 µg/kg, respectively) showed significantly reduced recoveries and or increased uncertainty; therefore, 

the refined ULOQs were set to 15 µg/kg (AFL) and 1500 µg/kg (DON). (For AFL, performance at 20 µg/kg onl y 

marginally met the recovery criterion; therefore, a more conservative ULOQ of 15 µg/kg was selected.)  For 

FUM, performance at the highest level was not acceptable and the ULOQ was limited to the lower confirmed 



 

 
28.01.26 ω 22 / 95 Validation of the mycoProfile TotalTox 6 Kit · SAFIA Technologies 

level accordingly. OTA showed different recoveries between the two 50 µg/kg spike sets, which is attributed 

to spiking variability; however, results remained within the performance range observed for QC materials and 

the ULOQ of 50 µg/kg was confirmed.  For T- 2/HT- 2, recoveries were significantly lower at both investigated 

upper levels, but the refined level (300 µg/kg) still met the target recovery range (70 to 130%) and was therefore 

selected as ULOQ. For ZEN, MU95 at the LLOQ level was higher, likely due to the applied blank correction; 

although recovery at the higher ZEN level was statistically different, it remained within the acceptance limits, 

and the refined ULOQ was set to 300 µg/kg (conservative) based on the overall performance across levels. For 

ZEN at the LLOQ level, the higher MU95 is plausibly explained by the applied blank correction. The corrected 

result is calculated as a difference (spiked sample minus matrix - matched blank), and the variability of both 

terms contributes to the variance  of the corrected value. Consequently, blank correction can increase the 

relative uncertainty at very low concentration levels even when trueness is not degraded; this behavior is 

therefore expected and is reflected in the MU results.   

At the higher spike levels used for ULOQ assessment, precision was generally very good, which is typical for 

competitive immunoassays at the upper end of the calibration range. However, despite low variability, the bias 

can increase substantially in this r egion due to reduced sensitivity and saturation effects of the sigmoidal 

calibration function (signal compression). Consequently, a sample with a true concentration above the ULOQ 

may still yield an apparent result within the working range, leading to unde restimation, and the expanded 

measurement uncertainty may become large because it is dominated by the bias contribution rather than by 

imprecision. (Compare to spiking Levels in  Table 14, that exceed the ULOQ in Table 15.) This behavior is 

consistent with the U - shaped precision profile commonly observed for competitive immunoassays, where 

uncertainty is lowest in the quasi - linear mid- range and increases towards both ends of the working range. As 

a practical recommendation fo Ǌ ǊƻǳǘƛƴŜ ǘŜǎǘƛƴƎΣ ǊŜǎǳƭǘǎ ŎƭƻǎŜ ǘƻ ǘƘŜ ¦[hv ƻǊ ŦƭŀƎƎŜŘ ŀǎ ΨҔ ¦[hvΩ ǎƘƻǳƭŘ ōŜ 

confirmed by re - measurement at a higher dilution and checked for dilution conformity (back calculated 

concentrations should agree within the expected tolerance). Quantitative reporting should be based on the 

dilution level that places the analyte well within the confirmed  working range. 

The validated working ranges (LLOQ -  ULOQ) for the assay is summarized in Table 15. Because the LOQ is 

conceptually expected to be equal to or higher than the LOD, and given that the determined values for ZEN 

(LLOQ 3.0 µg/kg vs LOD 3.49 µg/kg) and T- 2/HT- 2 (LLOQ 11.0 µg/kg vs LOD 11.3 µg/kg) are within a very small 

margin that cannot be m eaningfully resolved under routine conditions, the LOQs were aligned to the 

corresponding LOD estimates. Therefore, the reported LLOQ values were conservatively set to 3.5 µg/kg for 

ZEN and 11.5 µg/kg for T- 2/HT- 2 to ensure internal consistency of performa nce characteristics and to avoid 

implying quantification capability below the demonstrated detection capability.  

Table 15. Working ranges of the SAFIA (LLOQ -  ULOQ). 

Analyte Working range (LLOQ ς ULOQ) [µg/kg] 

AFL 0.900 ς 15 

DON 50.0 ς 1500 

FUM 50.0 -  700 

OTA 1.20 ς 50  

T- 2/HT- 2 11.5 -  300 

ZEN 3.50 -  300 
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Measurement of QC (Reference) Material ς Estimation of Accuracy  

The following results summarize all measurements  of the QC Materials , excluding RM- 48, which were solely 

used for ruggedness tests. The QC Materials were analyzed 4 times (two by each operator ) in triplicates in each 

run. Mean values and standard deviations are calculated from all measurements executed. The individual values 

were derived from the calibration curve executed on the day of measurement.  The results are presented for 

each mycotoxin. Recovery was calculated according to  

 

ὙὩὧέὺὩὶώ ϽρππϷ         Equation 10  

with c(found) the mass fraction measured in SAFIA (n =15) and c(Reference) the reference mass fraction of 

the materials. The target range for recovery in SAFIA is 70 -  130 %. Z-  Scores were calculated according to 

ὤ            Equation 11 

wƛǘƘ ˋόwŜŦŜǊŜƴŎŜύ ǘƘŜ ǇǊƻǾƛŘŜŘ ǎǘŀƴŘŀǊŘ ŘŜǾƛŀǘƛƻƴ ƻŦ ǘƘŜ ǊŜŦŜǊŜƴŎŜ ŎƻƴŎŜƴǘǊŀǘƛƻƴΦ 

The combined standard measurement uncertainty u(c) was estimated using a top - down approach based on 

within laboratory performance data, considering both intermediate precision and measurement bias. The 

combined uncertainty was calculated as 

όὧ ό ό           Equation 12,  

where u prec and u bias are the standard uncertainty contributions from precision and bias, respectively. The 

precision contribution u prec was taken as the intermediate precision standard deviation of the set of 

independent results obtained across all measurement days and both operators (inter run variability under 

routine conditions) . The uncertainty contribution associated with bias was estimated as 

ό  ὦ όὢ          Equation 13,  

with the observed bias b  

 ὦ  ὢ ὢ            Equation 14,  

where ·ɏ is the mean result obtained by SAFIA for the QC material and X A is the assigned value of the QC 

material. The term   accounts for the uncertainty of the estimated mean ·ɏ, with n being the number of 

independent results contributing to ·ɏ.  

Because the materials used were QC items originating from proficiency testing rounds rather than certified 

reference materials, u(Xa) was approximated from the proficiency test consensus statistics. Following ISO 13528, 

the standard uncertainty of an assigned value derived from a robust consensus can be estimated as 

όὢ
ȟ  z

Ѝ
           Equation 15,  

ǿƘŜǊŜ Ǉ ƛǎ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǇŀǊǘƛŎƛǇŀƴǘ ǊŜǎǳƭǘǎ ǳǎŜŘ ǘƻ ǇǊƻŘǳŎŜ ǘƘŜ ŀǎǎƛƎƴŜŘ ǾŀƭǳŜ ŀƴŘ ˋPT is the standard 

ŘŜǾƛŀǘƛƻƴ ŦƻǊ ǇǊƻŦƛŎƛŜƴŎȅ ŀǎǎŜǎǎƳŜƴǘΦ Lƴ ǘƘŜ ŀōǎŜƴŎŜ ƻŦ ŀ ŘƛǊŜŎǘƭȅ ǊŜǇƻǊǘŜŘ ˋPT, it was approximated from the 

ǎŀǘƛǎŦŀŎǘƻǊȅ ǊŀƴƎŜ ƎƛǾŜƴ ŦƻǊ μȊμ Җ нΦ {ƛƴŎŜ ǘƘŜ Ȋ ǎŎƻǊŜ ƛǎ ŘŜŦƛƴŜŘ ŀǎ  

ᾀ             Equation 16, 



 

 
28.01.26 ω 24 / 95 Validation of the mycoProfile TotalTox 6 Kit · SAFIA Technologies 

the reported interval corresponds approximately to X A ± 2 ̀ PT. Therefore, 

„  
  ȿȿ

          Equation 17 

Finally, the expanded measurement uncertainty at approximately 95% coverage was calculated as  

ὟὧȟωυϷ Ὧz όὧȟὯ ς,          Equation 18.  

 

Sum of Aflatoxins  B1, B2 and G1, G2 (AFL) 

Table 16. Results of the AFL determination  in the reference materials (n =12). 

Matrix  Sample Result 

[µg/kg]  

RSD MU (k= 2)  

[µg/kg]  

MU (k= 2) 

 [%] 

Reference  

 [µg/kg]  

Recovery Z-

Score 

Maize Flour RM- 18 5.28 ± 0.455* 8.6% 1.32 25% 
4.72 

(2.64 -  6.80) 
112% 0.54 

Oat Flour RM- 22 8.74 ± 0.877 10.0% 1.47 17% 
8.47 

(4.74 -  12.19) 
103% 0.14 

Dried Figs RM- 24 4.87 ± 0.340 7.0% 5.74 118% 
7.72 

(4.32 -  11.12) 
63% - 1.67 

Pistachio RM- 32 6.98 ± 0.953 13.7% 5.10 73% 
9.36 

(5.24 -  13.48) 
75% - 1.15 

Wheat Flour RM- 33 10.2 ± 0.850 8.4% 6.19 56% 
8.63 

(4.83 -  12.43) 
118% 0.81 

Durum Wheat RM- 34* 2.75 ± 0.352 12.8% 0.93 35% 
2.31 

(1.29 -  3.33) 
119% 0.86 

Sesame Paste 

(Tahini) 
RM- 36 6.16 ± 0.483 7.9% 5.12 83% 

8.56 

(4.79 -  12.33) 
72% - 1.28 

Barley Flour RM- 46 5.44 ± 0.263 4.8% 3.84 71% 

7.2 

(4.03 -  

10.37) 

76% - 1.11 

* Values corrected for AF - B1 results. 

For RM- 18 and RM- 34, the reference material provider reported assigned values for aflatoxin B1 only. Results 

are reported as total aflatoxins. For comparison to assigned values spiked with AFB1 only, results were 

converted to AFB1 equivalents by dividing by 1.5. This conversion is only justified in this specific case because 

the materials were spiked exclusively with aflatoxin B1 and the manufacturer indicated that no other aflatoxins 

were present in these samples. In total, the mean recovery rate for AFL was 92%, spanning from 63 ς 119%. All 

Z- Score were in the satisfactory range from - 2 to 2.  
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Ochratoxin A (OTA) 

Table 17. Results of the OTA determination in the reference materials (n =12). 

Matrix  Sample Result 

[µg/kg]  

RSD MU (k= 2)  

[µg/kg]  

MU (k= 2) 

 [%] 

Reference  

 [µg/kg]  

Recovery Z-

Score 

Wine RM- 15 1.06 ± 0.114 10.7% 0.971 92% 

1.53 

 (0.86 -  2.20) 69% - 1.40 

Maize Flour RM- 18 2.76 ± 0.281 10.2% 0.78 28% 

2.52 

 (1.41 -  3.63) 110% 0.44 

Oat Flour RM- 22 4.65 ± 0.182 3.9% 1.34 29% 

5.21  

(2.92 -  7.50) 89% - 0.49 

Dried Figs  RM- 24 9.93 ± 0.379 3.8% 1.17 12% 

9.72 

 (5.44 -  

14.00) 102% 0.10 

Pistachio  RM- 32 6.80 ± 0.746 11.0% 2.42 36% 

7.64  

(4.28 -  11.0) 89% - 0.50 

Durum Wheat RM- 34 3.04 ± 0.275 9.1% 0.903 30% 

2.72  

(1.52 -  3.92) 112% 0.53 

Sesame Paste 

(Tahini) RM- 36 5.75 ± 0.301 5.2% 5.32 92% 

8.25  

(4.62 -  11.88) 70% - 1.38 

Barley Flour RM- 46 2.60 ± 0.260 10.0% 0.73 28% 

2.51  

(1.40 -  3.61) 103% 0.16 

The average recovery for OTA was very good in the ranges between 69 -  112 %, with an average of 93 %. The 

found Z- Scores are also on the ranges between - 2 and 2. Therefore, it can be expected that the determination 

of OTA in real samples will proceed with high accuracy and precision .  

Fumonisins (FUM) 

Table 18. Results of the FUM determination in the reference materials (n =12). 

Matrix  Sample Result 

[µg/kg]  

RSD MU (k= 2)  

[µg/kg]  

MU (k= 2) 

 [%] 

Reference  

 [µg/kg]  

Recovery Z- Score 

Maize Flour RM- 18 674 ± 84.5 12.6% 196 37% 640 (421 -  859) 105% 0.31 

Durum Wheat RM- 34 527 ± 79.1 15.0% 177 26% 467 (299 -  635) 114% 0.71 

 

The average recovery for FUM was 110%, with both Z- Scores also within the acceptable range.  














































































































































