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1. Summary 

 

A method validation study was conducted according to the IUPAC harmonised 

protocol for the determination of ochratoxin A in Capsicum spp. (paprika and 

chilli). The method is based on the extraction of the samples with an aqueous 

methanol solution, followed by immunoaffinity cleanup. The determination is 

carried out by reversed phase high performance liquid chromatography coupled 

to a fluorescence detector. The study involved 21 participants representing a 

cross-section of research, private and official control laboratories from 14 EU 

Member States and Singapore. 

Mean recoveries reported ranged from 83.7 to 87.5. The relative standard 

deviation for repeatability (RSDr) ranged from 1.7 to 14.3 %. The relative 

standard deviation for reproducibility (RSDR) ranged from 9.1 to 27.5 %, 

reflecting HorRat values from 0.4 to 1.3 according to the Horwitz function 

modified by Thompson. A correction for recovery with the data generated by 

fortification experiments further improved the reproducibility performance of 

the method. 

The method showed acceptable within-laboratory and between-laboratory 

precision for each matrix, as required by current European legislation. 

 

2. Introduction 

Ochratoxins are pentaketides made up of dihydro-isocoumarin linked to ß-phenylalanine. 

Ochratoxin A (OTA) [Figure 1] is mainly produced by Aspergillus ochraceus, A. 

carbonarius and A. niger in tropical regions and by Penicillium verrucosum in temperate 

climates. It has been classified as a substance of Group 2B by the International Agency 

for Research on Cancer (IARC), meaning the existence of sufficient evidence of its renal 

carcinogenicity to animals and possibly to humans. 

 

Figure 1: Structure of ochratoxin A 
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Cereals and their derivatives are the major contributor for ingestion of OTA but it is also 

found in a variety of food products ranging from coffee to nuts, wine, beer, dried fruits 

and spices. 

 

The methodologies used for the determination of OTA in almost all relevant food and feed 

matrices range from high-performance liquid-chromatography (HPLC) with various 

detection systems such as fluorescence (FLD) or mass selective detection (MSD), over 

thin-layer chromatography (TLC) to enzyme linked immunosorbant assays (ELISA). The 

most common principle in EU Member States is however HPLC-FLD, which is the basis for 

all CEN standards for OTA. All methodologies, irrespective of their detection principle, 

depend on the extraction of OTA from the matrix with an aqueous-organic solvent. 

 

Regulations (EC) No 1881/2006 [1] and (EC) No 105/2010 [2] lay down maximum limits 

for OTA in certain foods and methods for sampling and analysis. 

 

In Commission Regulation 105/2010 [2] legislative limits have been set for OTA in 

liquorice and a variety of Capsicum spp. spices such as paprika and chilli. The level for 

spices at the moment of this project was 30 µg/kg and is indented to be lowered to 15 

µg/kg in the future.  

 

In 2010 a collaborative study was conducted at IRMM to validate an analytical method for 

the determination of ochratoxin A in liquorice root powder and liquorice extracts [3]. 

Several standardised methods are available by CEN/ISO and AOAC for the determination 

of OTA in various foodstuffs [4] however there is still no method available for Capsicum 

spp. that has proven its performance in a collaborative study. 

 

IRMM organised proficiency tests on OTA in paprika in 2007 [5] and in 2010 [6] which 

indicted that methods based on immunoaffinity cleanup followed by liquid 

chromatography with fluorescence detection are a good basis for reliable measurements. 

Based on the data from these proficiency tests, a robust method principle was tested. 

The method was further adjusted to a scope to allow monitoring at the levels of interest. 

After single laboratory validation this method became the candidate for this collaborative 

trial. 

 

Previous collaborative study projects have shown that, with care and attention to detail 

during the organisation of a collaborative trial, it is possible to achieve impressive 

performance characteristics for a method suitable for low limits of detection. Due to the 

complexity of the matrices, particular care was taken during preparation of the test 
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materials (blending of relevant matrix constituents and extensive homogenisation) and in 

demonstrating inter-unit homogeneity before undertaking the study. Furthermore the 

accurate determination of the contamination levels in the matrices for which the 

legislative limits apply, require a robust and reliable analytical method. 

 

3. Scope 
 

This method validation study aimed to evaluate the recovery and precision of an 

analytical method for the quantification of OTA in Capsicum spp. (paprika and chilli) to 

monitor compliance with limits set in legislation [2]. 

According to the method a test portion is extracted with a mixture of methanol and 

aqueous sodium bicarbonate solution. The extract is filtered, diluted with phosphate 

buffered saline (PBS), and OTA is purified with an immunoaffinity column containing 

antibodies specific to OTA. The purified extract is quantified by high performance liquid 

chromatography-fluorimetric detection (HPLC-FLD). [Annex 10] 

The study was designed and evaluated according to the IUPAC Harmonised Protocol [7]. 

Statistical analysis was performed along the lines of ISO 5725 [8]. 

Precision and recovery values were compared with method performance criteria set in 

Regulation (EC) No 401/2006 [9]. 

 

 

4. Design of the study 
 

4.1. Time frame 
The study was open to all types of laboratories dealing with OTA determination and 

capable to perform the method as described. It was published on the website of the 

IRMM and 23 laboratories were invited to participate. 

 

The subscription PDF form [Annex 4] was sent out on 8 March with a deadline set on 20 

March, 2012. Together with the subscription form, participants also received the outline 

of the study [Annex 3] and the draft method description. The participants were asked to 

send back comments and amendments if necessary. 

Parcels were dispatched on 4th of April. The reporting deadline was 5th of May 2012. 

Two laboratories did not return results and were excluded from the study.  
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4.2. Materials and documents 
 

The 23 laboratories that enrolled in the collaborative trial were a cross-section of 

research, private and official control laboratories from 14 EU Member States and 

Singapore (details are in [Table 3]). 

 

Each participant received: 

• Accompanying letter [Annex 5] 

• Fifteen units of coded samples with unknown identity to the participants in 

vacuum sealed sachets 

• An ampoule of ochratoxin A calibrant solution 

• Four coded ampoules for spiking experiments with unknown content of OTA to the 

participants 

• An interlaboratory study Materials Receipt Form [Annex 6] 

• Their participation code 

• A method description [Annex 10] 

• Operational manual [Annex 11] 

• A spiking protocol [Annex 7] 

• Twenty immunoaffinity columns containing antibodies specific to OTA for the 

cleanup of the material extracts 

• Safety sheets for the solvents 

• A pdf form for reporting the results [Annex 8] 

• A pdf form for questionnaire regarding general information on the laboratory, their 

opinion on the design of the study and on the deviations from the method 

description they applied, if any. [Annex 9] 

 

4.3. Organisation 

Upon participants' comments and amendments, the method description was changed 

whenever it was considered appropriate prior to the study. 

Participants had to fill in a questionnaire where they were asked to report any deviations 

from the method description they might have applied. This information was used to 

identify non compliances. 
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5. Test materials 

5.1. Description 

 

Test materials were obtained from various sources and some paprika materials were 

surplus materials from previous projects. Test materials were remixed where necessary 

to meet the targets levels and maintain an unknown identity to the participants. 

[Table 1]  

Since not all materials were available in sufficient amounts two groups of participants 

were formed. As a result the common set of test samples for both groups was one blank 

paprika for spiking (Sample 6) plus three different naturally contaminated paprika samples 

(Samples 2, 3, 5) and two naturally contaminated chilli materials (Samples 1, 4). In addition 

group A (10 participants) received an additional blank paprika for spiking (Sample 7), while 

group B (11 participants) received a low level chilli for spiking instead (Sample 8). Each of 

the contaminated samples and the blank samples for spiking were analysed as blind 

duplicates. 

Additionally one sachet from the blank paprika (Sample 9) was also sent to each 

participants. 

 

Table 1:  Test samples 
 

Sample description Test Material Ochratoxin A(µg/kg) Design 

Sample 1 chilli 1.8 2 blind replicates 

Sample 2 paprika 6.1 2 blind replicates 

Sample 3 paprika 19.9 2 blind replicates 

Sample 4 chilli 23.5 2 blind replicates 

Sample 5 paprika 84.9 2 blind replicates 

Sample 6 paprika Sample 9 for spiking 2 blind replicates 

Sample 7 

received by GROUP A 
paprika Sample 9 for spiking 2 blind replicates 

Sample 8 

received by GROUP B 
chilli Sample 1 for spiking 2 blind replicates 

Sample 9 paprika <0.1 1 sample 

 

5.2. Preparation 

5.2.1. Test samples 

The test materials were milled to a particle size < 500 µm, individually homogenized for 

4 hours in a Lödige laboratory mixer (Model L20, Paderborn, Germany). Thereafter, 
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about 100-120 vacuum sealed packages were produced at room temperature. The 

amount of material in each sachet was about 30 g. 

5.2.2. Common calibrant 

A common calibrant was distributed, which contained OTA (OTA in the form of powder, 

as obtained from Sigma, code O-1877, purity 98%, lot 060M4041) - in a mixture of 

toluene and glacial acetic acid 99:1 (v/v). 

About 150 ampoules were filled under inert atmosphere, each with 2.5 ml of calibrant 

and flame sealed. The ampoules were stored at -18 ºC until dispatch. 

 

The content of the common calibrant was spectrophotometrically verified prior dispatch 

on three different ampoules randomly chosen in the ampouling sequence, applying 

Equation 1 below: 

 

Equation 1   
b

MA

OTA
×

××
=

ε
ρ

100max  

where 
Amax is the absorption determined at the maximum of the absorption curve 

between a wavelength of 330 nm and 370 nm; 
M is the molar mass, in grams per mol, of OTA (M = 403.8 g/mol); 
ε is the molar absorption coefficient, in square metres per mol, of OTA in the 

mixture of toluene and acetic acid 99:1 v/v, (544 m2/mol); 
b is the optical path length, in centimetres, of the quartz cell. 
 
 

The concentration of OTA was determined to be 9.9 µg/ml. 

 

5.2.3. Spiking solution 

 

Spiking solutions which contained OTA (OTA in the form of powder, as obtained from 

Sigma, code O-1877, purity 98%, lot 060M4041) - in a mixture of acetonitrile and glacial 

acetic acid 99:1 (v/v) were prepared. 

Ampoules were filled under inert atmosphere, each with 1.5 ml of spiking solution, flame 

sealed, and stored at -18 ºC until dispatch. 

The concentration of OTA was determined to be 0.6 and 2.6 µg/ml. The spiking volume 

was 500 µl. 
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5.3. Homogeneity 

 

Sufficient homogeneity was assumed for the test solutions after mixing.  

 

Homogeneities of the paprika and chilli test materials were evaluated according to 

chapter 3.11.2 of the Harmonised Protocol [7]. Ten sample sachets were randomly 

selected. The content of each sachet was split and the two sub-samples were analysed 

for OTA by HPLC-FLD. No trend was observed during the analysis sequence and samples 

were found homogeneous. The results from the homogeneity determination are included 

in [Annex 1]. 

 

5.4. Stability 
 

The samples for stability testing were stored at room temperature. The amount of OTA in 

the test materials and solutions was monitored at the beginning of the study, during the 

study as well as after receipt of the results of the participants as it is suggested in the 

Harmonised Protocol. Statistically significant differences of the results of analysis 

obtained on the three mentioned dates were not found. 

 

6. Results and Discussions 

6.1. General 

 

Each participant reported a full set of analytical results as listed in [Annex 2]. The 

results were subject to statistical analysis including outlier testing and the performance 

characteristics were calculated as shown in [Table 2]. HorRat values were derived from 

the Horwitz function modified by Thompson [10], leading to a constant target standard 

deviation of 22% for analyte levels below 120 µg/kg. 

 

6.2. Evaluation of questionnaire – deviations from the method 
description 
 

Critical points considered for possible non compliance were significant deviations from the 

method description and problems/abnormalities reported by the participants. 

[Annex 12] 
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This was the case for laboratory 106: its results were excluded from the evaluation due 

to application of a method different from the one required. In particular less air was 

pushed through the immunoaffinity column after the elution with methanol [Table 17] as 

it was required by the work instruction. Because of this, the final volume of the injection 

solution was less than 1.5 ml which led to significantly higher results. It proved that the 

correct application of this step of the method is very crucial as it is highlighted in the 

method description [Annex 10] and in the operation manual [Annex 11]. 

In no other case reported deviations from the method description were considered to be 

relevant for rejecting the whole set of results from the participants. 

 

6.3. Evaluation of chromatograms 
 

All participants sent chromatograms for analysed samples. Chromatograms were checked 

for consistency in the retention time of the OTA peak, for peak shape and for integration. 
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6.4. Evaluation of results 

Table 2:  Precision estimates calculated for each sample analysed during the collaborative trial study 

Sample Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 

Sample 6 

(Spiked blank, 
Sample 9)  

low level 

Sample 7 

(Spiked blank, 
Sample 9)  

high level 

GROUP A 

Sample 8 

(Spiked Sample 1) 

high level 

GROUP B 

Test Material chilli paprika paprika chilli paprika paprika paprika chilli 

Number of laboratories 21 21 21 21 21 21 10 11 

Number of laboratories 
considered as non compliant 

1 1 1 1 1 1 0 1 

Number of outliers 
(laboratories) 

0 2 0 0 1 0 0 0 

Number of accepted results 20 18 20 20 19 20 10 10 

Mean value, x , µg/kg 1.8 6.1 19.9 23.5 84.9 11.2 45.2 45.0 

Repeatability standard 
deviation sr, µg/kg 

0.3 0.4 1.3 1.1 7.4 0.5 2.6 0.8 

Repeatability relative standard 
deviation, RSDr, % 

14.3 6.9 6.8 4.6 8.7 4.7 5.7 1.7 

Repeatability limit r 
[r = 2,8 × sr ], µg/kg 

0.7 1.2 3.8 3.0 20.8 1.5 7.3 2.2 

Reproducibility standard 
deviation sR, µg/kg 

0.5 0.9 2.9 2.4 10.5 1.4 4.1 5.2 

Reproducibility relative 
standard deviation, RSDR, % 

27.5 14.0 14.5 10.4 12.4 12.2 9.1 11.6 

Reproducibility limit R 
[R = 2,8 × sR], µg/kg 

1.4 2.4 8.1 6.8 29.5 3.8 11.6 14.7 

Recovery, % n.a. n.a. n.a. n.a. n.a. 87.0 87.5 83.7 

HorRat value 1.3 0.6 0.7 0.5 0.6 0.6 0.4 0.5 

n.a.: not applicable
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The method performance parameters are reported in [Table 2]. 

Results for Sample 9 are not shown as they related to single measurement of blank 

paprika. Reported values for Sample 9 are in [Table 13]. 

 

As EU legislation for food requires to consider analyte recovery for accepting or rejection 

of lots in official food control: the principle of recovery correction was applied in this 

study. As a result, the data sets of the analytical results from naturally contaminated 

materials were corrected with the mean recovery value of the recovery experiments (two 

duplicates). The result of this treatment on the calculated method performance is shown 

in [Table 3]. 

 

Table 3:  Precision estimates calculated for naturally contaminated materials after recovery 
correction of results 

Sample Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 

Test Material chilli paprika paprika chilli paprika 

Number of laboratories 21 21 21 21 21 

Number of laboratories 
considered as non compliant 

1 1 1 1 1 

Number of outliers 
(laboratories) 

0 2 0 0 0 

Number of accepted results 20 18 20 20 20 

Mean value, x , µg/kg 2.1 7.1 23.1 27.3 100.5 

Repeatability standard deviation 
sr, µg/kg 

0.3 0.5 1.5 1.2 8.2 

Repeatability relative standard 
deviation, RSDr, % 

14.2 7.1 6.5 4.5 8.1 

Repeatability limit r 
[r = 2,8 × sr ], µg/kg 

0.8 1.4 4.2 3.4 22.9 

Reproducibility standard 
deviation sR, µg/kg 

0.6 0.6 2.1 2.7 10.7 

Reproducibility relative standard 
deviation, RSDR, % 

28.9 8.9 9.0 9.8 10.7 

Reproducibility limit R 
[R = 2,8 × sR], µg/kg 

1.7 1.8 5.8 7.5 30.0 

HorRat value 1.3 0.4 0.4 0.4 0.5 
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7. Interpretation of the results and conclusion 

The applicability range was found to be 2 to 85 µg/kg OTA. 

Reproducibility and repeatability from this study complies with legislative requirements 

[12] for food at levels up to 10 µg/kg: RSDr ≤ 20%, RSDR ≤ 30%. 

The mean recoveries calculated range in the narrow window of 83.7% - 87.5%, which 

are within the legislatively required range (70-110%). 

The HorRat values obtained ranged from 0.4 to 1.3, taking into account that the highest 

HorRat of 1.3 was obtained for the material with the lowest OTA content (1.8 µg/kg). All 

other HorRat values were below 0.7 [Table 2]. 

 

As a result of the recovery corrections [Table 3], the performance increased significantly 

and reproducibility showed unexpectedly low values, indicating that for this type of 

analysis the correction for recovery results is a drastic improvement of the method 

performance under the conditions of this study (use of a common calibrant, common 

spiking procedure). The improved reproducibility after recovery correction is very close to 

the calculated repeatability. 

 

This shows a satisfactory performance of the method and that it meets the requirements 

for precision and recovery as laid down in Regulation 401/2006. 

 

As a result the method will be submitted to CEN TC 275 for consideration as basis for a 

future CEN standard. 
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9. Abbreviations, definitions 
 

CEN  European Committee for Standardisation 
EC  European Commission 
ELISA  Enzyme linked immunosorbant assays 
EU  European Union 
EU-RL  European Reference Laboratory 
FLD  Fluorescent detection 
HPLC  High-performance liquid chromatography 
IAC  Immunoaffinity column 
IRMM  Institute for Reference Materials and Measurements 
ISO  International Organisation for Standardisation 
IUPAC  International Union for Pure and Applied Chemistry 
JRC  Joint Research Centre 
OTA  Ochratoxin A 
 
 
 
Repeatability: Precision under repeatability conditions, i.e. conditions where 
independent test results are obtained with the same method on identical test items in the 
same laboratory by the same operator using the same equipment within short intervals 
of time. [ISO 3534-1] 
Reproducibility: Precision under reproducibility conditions, i.e. conditions where test 
results are obtained with the same method on identical test items in different 
laboratories with different operators using different equipment. [ISO 3534-1] 
HorRat value: ratio of the reproducibility relative standard deviation to the target 
standard deviation (calculated by Horwitz equation modified by Thompson for the 
concentration below 120 ppb) 
Cochran test: removal of laboratories showing significantly greater variability among 
replicate (within-laboratory) analyses than the other laboratories for a given material 
Grubbs test: removal of laboratories with extreme averages 
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Annex 1 – Homogeneity data 
 
 
Figure 2: Homogeneity data for Sample 1 (chilli) 

 

 
 
 
 

 
Figure 3: Homogeneity data for Sample 2 (paprika) 
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Figure 4: Homogeneity data for Sample 3 (paprika) 

 

 
 
 
 
 
 
 

Figure 5: Homogeneity data for Sample 4 (chilli) 
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Figure 6: Homogeneity data for Sample 5 (paprika) 
 

 
 
 

 
Sample 6: spiked blank paprika material (Sample 9) 
 
Sample 7: spiked blank paprika material (Sample 9) 
 
Sample 8: spiked chilli material (Sample 1) 
 
Sample 9: blank paprika material 
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Annex 2  – Results 

 

Table 5: Sample 1 (chilli powder – low level) 

 
Lab code Result 1 (µg/kg) Result 2 (µg/kg) 

103 1.61 1.97 
106 1.76 3.13 
109 1.79 1.73 
121 2.15 2.11 
124 0.498 0.784 
125 1.37 1.04 
128 2.06 2.21 
130 1.1 1.72 
133 2.1 2.26 
136 2 1.8 
137 2.22 2.25 
148 2.04 2.16 
156 1.45 1.33 
159 1.66 2.03 
161 1.84 1.55 
164 2.61 1.66 
168 2.25 1.96 
172 1.88 2.04 
175 1.1 0.71 
186 1.87 1.33 
197 2.25 2.04 

 
Lab 106 was considered as a non compliant. 
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Figure 7: Distribution of individual results of replicate measurements (Sample 1) 
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Figure 8: Youden plot (Sample 1) 
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Table 6: Sample 2 (paprika powder – low level) 

 
Lab code Result 1 (µg/kg) Result 2 (µg/kg) 

103 5.6 5.83 
106 9.58 6.82 
109 6.46 6.4 
121 6.41 6.17 
124 7.909 7.402 
125 4.9 5.15 
128 6.37 9.87 
130 6.63 6.08 
133 5.99 6.01 
136 3.9 5.4 
137 7.32 7.59 
148 5.64 5.65 
156 5.77 5.8 
159 9.1 5.98 
161 5.82 7.35 
164 6.76 6.45 
168 5.07 5.91 
172 5.63 5.59 
175 5.58 5.4 
186 6.06 6.36 
197 7.11 7.46 

 
Lab 106 was considered as a non compliant. 
Lab 128 was considered as an outlier applying the Cochran test. 
Lab 159 was considered as an outlier applying the Cochran test. 



 26 

Figure 9: Distribution of individual results of replicate measurements (Sample 2) 
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Figure 10: Youden plot (Sample 2) 
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Table 7: Sample 3 (paprika powder - medium) 

 
Lab code Result 1 (µg/kg) Result 2 (µg/kg) 

103 18.75 17.91 
106 30.26 13.07 
109 21.29 20.39 
121 22.6 18.8 
124 26.103 25.013 
125 17.02 18.01 
128 20.43 22.17 
130 25.11 22.11 
133 18.9 17.57 
136 17.7 16.6 
137 25.2 23.25 
148 18.37 18.17 
156 19.17 19.48 
159 22.69 18.2 
161 22.47 20.08 
164 16.87 16.34 
168 15.84 15.05 
172 20.1 17.4 
175 18.42 17.67 
186 19.42 18.77 
197 23.31 23.85 

 
Lab 106 was considered as a non compliant. 
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Figure 11: Distribution of individual results of replicate measurements (Sample 3) 
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Figure 12: Youden plot (Sample 3) 
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Table 8: Sample 4 (chilli powder – medium level) 

 
Lab code Result 1 (µg/kg) Result 2 (µg/kg) 

103 20.73 21.05 
106 26.98 29.41 
109 24.15 23.72 
121 23.12 24.14 
124 29.096 29.888 
125 21.95 22.03 
128 26.91 24.61 
130 26.01 26.27 
133 23.02 23.24 
136 23.3 23.5 
137 25.68 25.92 
148 21.81 20.98 
156 22.49 23.15 
159 21.68 19.87 
161 25.17 21.36 
164 19.02 22.41 
168 20.94 19.53 
172 22.85 22.3 
175 23.68 23.33 
186 24.95 22.66 
197 26.39 25.91 

 

Lab 106 was considered as a non compliant. 
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Figure 13: Distribution of individual results of replicate measurements (Sample 4) 
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Figure 14: Youden plot (Sample 4) 
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Table 9: Sample 5 (paprika powder – high level) 

 
Lab code Result 1 (µg/kg) Result 2 (µg/kg) 

103 82.15 79.92 
106 106.96 133.37 
109 85.93 86.02 
121 86.14 84.12 
124 124.091 119.526 
125 91.4 82.5 
128 83.69 102.6 
130 95.83 99.23 
133 86.6 86.65 
136 71.1 77.6 
137 96.9 92.82 
148 79.49 75.6 
156 86.32 90.55 
159 72.89 93.95 
161 90.1 93.73 
164 57.22 87.04 
168 72.58 69.77 
172 84.5 84.1 
175 74.33 62.75 
186 86.42 87.89 
197 98.65 105.71 

 
Lab 106 was considered as a non compliant. 
Lab 124 was considered as an outlier applying the Grubb's single outlier test. 
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Figure 15: Distribution of individual results of replicate measurements (Sample 5) 
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Figure 16: Youden plot (Sample 5) 
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Table 10: Sample 6 - Spiked blank sample - low level (paprika powder) 
Spiked with 12.9 (µg/kg) OTA. Initial OTA content prior spiking was determined as <LOD by organizer. 
 

Lab code Result 1 (µg/kg) Result 2 (µg/kg) 
103 11.02 10.25 
106 14.86 15.31 
109 11.39 11.34 
121 10.86 11.35 
124 13.141 12.568 
125 10.74 10.29 
128 11.43 11.35 
130 11.49 11.35 
133 10.96 11 
136 10 10.3 
137 12.33 12.6 
148 10.25 8.78 
156 10.72 10.81 
159 14.32 14.45 
161 12.34 11.8 
164 12.32 12.88 
168 8.55 9.47 
172 10.13 10.37 
175 10.1 9.52 
186 9.14 11.16 
197 13.15 11.9 

 
Lab 106 was considered as a non compliant. 
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Figure 17: Distribution of individual results of replicate measurements (Sample 6) 
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Figure 18: Youden plot (Sample 6) 
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Table 11: Sample 7 - Spiked blank sample - high level - GROUP A (paprika powder) 
Spiked with 51.7 (µg/kg) OTA. Initial OTA content prior spiking was determined as <LOD by organizer. 
 

Lab code Result 1 (µg/kg) Result 2 (µg/kg) 
103 42.87 44.14 
109 46.18 44.7 
121 46.65 43.85 
125 42.49 43.13 
133 43.63 43.68 
137 52.2 52.5 
159 46.25 41.86 
161 48.64 46.57 
175 42.88 34.44 
197 45.93 51.16 
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Figure 19: Distribution of individual results of replicate measurements (Sample 7) 
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Figure 20: Youden plot (Sample 7) 
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Table 12: Sample 8 - Spiked Sample 1 - high level - GROUP B (chilli powder) 
Spiked with 51.7 (µg/kg) OTA. Initial OTA content prior spiking was determined as 1.8 µg/kg (mean value of 
Sample 1 – Table 1) 

 
Lab code Result 1 (µg/kg) Result 2 (µg/kg) 
106 59.2 51.08 
124 55.078 56.45 
128 44.19 46.35 
130 51.56 50.97 
136 40 41 
148 42.81 41.4 
156 47.71 46.64 
164 43.23 43.32 
168 41.45 40.92 
172 44.5 44.4 
186 38.84 39.11 
 
Lab 106 was considered as a non compliant. 
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Figure 21: Distribution of individual results of replicate measurements (Sample 8) 
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Figure 22: Youden plot (Sample 8) 
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Table 13: Sample 9 - paprika powder – blank 

 
Lab code Result (µg/kg) 

103 <3 
106 <3 
109 <0.1 
121 <1 
124 0.422 
125 <0.5 
128 <3.5 
130 <0.5 
133 <2.3 
136 <0.7 
137 <0.3 
148 0.75 
156 <0.6 
159 <0.9 
161 0.21 
164 <0.6 
168 0 
172 <0.5 
175 <0.25 
186 0.43 
197 2.04 



 40 

Annex 3 – Outline of the study 
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Annex 4 – Subscription form 
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Annex 5 – Instructions to the participants 
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Annex 6 – Materials receipt form 
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Annex 7 – Spiking protocol 
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Annex 8 – Results form 
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Annex 9 – Questionnaire 
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Annex 10 – Method Description 
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Annex 11 – Operation manual 
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Annex 12 – Experimental details 
Table 14: 
For how long (years) your laboratory has been analysing food or feed for the determination of Ochratoxin A (OTA)? 
Is your laboratory accredited for the determination of OTA? 
If YES, please write in the following field for which matrix (matrices) is your laboratory accredited. 
How many samples does your laboratory analyse for Ochratoxin A per year? 

 
Years of 

experience 
Accredited Accredited matrices Samples per year 

103 10 Yes 
cocoa and products derived, roasted and green coffee, cereal and products derived, dried fruits and 
products derived, baby food. 

150-500 

106 6 Yes 
Cereals, Dried fruits, coffee, drinks (alcoholic and non-alcoholic), meat and meat products, entrails, milk, 
fat, fruits and vegetables, honey and sugar 

150-500 

109 10 Yes Feed and feedstuffs 150-500 

121 9 Yes 
Coffee, Cereal, Dried Fruit, Wine, Beer, Baby Food, Chocolate, Paprika, Chilli, Liquorice, Black Pepper, 
White Pepper, Nutmeg, Ginger, Turmeric, White Grape Juice, Red Grape Juice 

150-500 

124 6 Yes feed and food from plant origin 150-500 
125 10 Yes Animal feed, cereals, nuts and spices 50-149 
128 7 Yes liquid samples (wine - beer), cereals, coffee, dried fruits 150-500 
130 20 Yes food & feed More than 500 

133 17 Yes 
Cereals, cereal products, cereal based foods, dried vine fruit and some other dried fruits, raw coffee, 
roasted coffee, soluble coffee, grape and some other juices, some spices, liquorice 

More than 500 

136 15 Yes Beer, infant products, coffee beans 150-500 
137 15 Yes In foods of plant origin (coffee, cereals, spices, baby food) 50-149 
148 14 Yes Food - flexible scope of accreditation 5-49 
156 20 No  150-500 

159 22 Yes 
Cereals & cereal products, dried fruit, wine & grape juice, coffee (green, instant & roasted), cocoa & 
chocolate products, beer, baby & infant foods, beans/pulses, spices, nuts & nut butters, coconut, 
duplicate diets, pork & pork products 

More than 500 

161 15 Yes Basically all usual food and feed (inclusive materials) matrixes. 50-149 
164 1 No  5-49 

168 15 Yes 
cereals, cereals products, feedingstuff 
dried fruits (figs, currants, raisins etc.) 
coffee (green, roasted, instant) 

5-49 

172 15 Yes feed 50-149 
175 9 Yes Wine, Beer, Spices, Cereals, Fruit and Coffee 150-500 
186 5 Yes Food generally 150-500 

197 12 Yes 
Feed, kidneys 
Food: coffee, raisins, wine and juices, fish, cereals 

150-500 
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Table 15: 
Which of the following matrices does your laboratory analyse for the determination of Ochratoxin A on a routine basis? 

 
 

Spices 
Unprocessed 

cereals 

All products 
derived from 
unprocessed 

cereals, including 
processed cereal 
products and 

cereals intended 
for direct human 
consumption 

Dried vine 
fruit 

(currants, 
raisins and 
sultanas) 

Roasted 
coffee 

beans and 
ground 
roasted 
coffee - 
soluble 
coffee 

Wine - 
Aromatised 

wine 

Grape 
juice 

Baby 
food and 
dietary 
food for 
infants 
and 
young 
children 

Liquorice 
and 

liquorice 
extracts 

Feed 
Other 

(Specify) 

103  √ √ √ √ √  √   

cocoa, dried 
fruits (nuts, 

figs, 
hazelnuts, 
....), dried 

legumes (soy 
beans, 

chickpeas, 
lentils, ....) 
and products 

derived 

106   √        
Meat and 
entrails 

109 √ √ √  √     √  
121 √  √ √ √ √ √ √ √   
124  √ √ √ √ √    √  
125          √  
128 √ √ √ √ √ √ √    Beer 

130 √ √ √ √ √ √ √ √ √ √ 

meat, feed 
additives, 
dairy 

products, 
herbs, plant 
extracts, 
other dried 
fruits than 
specified, 
nuts / 
treenuts 

133 √ √ √ √ √  √ √ √  
some cocoa 
products 

136     √   √    
137 √  √ √ √   √    
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148 √  √         
156 √ √ √ √ √   √ √ √  

159 √ √ √ √ √ √  √  √  

161 √ √ √ √ √ √ √   √ Various feed 
materials. 

164  √ √  √   √    
168  √ √ √ √     √ dry yeast 
172  √        √  

175 √ √ √ √ √ √    √ Beer 

186 √ √ √ √ √ √ √ √ √   
197 √ √ √ √ √ √ √ √ √ √ kidneys, fish 
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Table 16: 
Did you find the instructions distributed for this MVS adequate? 
What do you think about the reporting by electronic forms? 
Did you have any problems in using the forms? 

Did you find the method description adequate? 
If NO, in which part(s) could it be improved? 
         T    
 Instructions Electronic forms Problems Method description  Proposed improvements 

103 Yes really helpful and easy to use No Yes  
106 Yes It is user friendly No Yes The shaker speed was not specified. 
109 Yes Perfect! No Yes  

121 
Yes It is convenient and user 

friendly 
No Yes  

124 Yes Very nice No Yes  

125 
Yes Easy to use. Saves paper. Easy 

storage of results. 
No Yes  

128 Yes It's excellent No Yes  
130 Yes  No Yes  

133 
Yes Easy. Fax is not in use in our 

lab, only so called virtual fax, 
we prefer e-mail. 

No Yes  

136 Yes Clear and easy to follow No Yes  
137 Yes It is OK. No Yes  
148 Yes OK No Yes  
156 Yes It's easy and clear No Yes  
159 Yes OK so far No Yes  
161 Yes OK No Yes  
164 Yes It's great and easy. No Yes  
168 Yes OK No Yes  
172 Yes OK No Yes  

175 

Yes  No No Instructions following the elution step at 7.2 in the method are 
confusing - analysing the methanol extracts does not work. 
Samples have to be dried and taken up in mobile phase to give the 
expected chromatography. Methanol only extracts generate poor 
peak shapes. 

186 
Yes In case of detailed comments 

the fields may be too small. 
No Yes  

197 Yes easy No Yes  
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Table 17: 
Were you able to follow the method in all details? 
If NO, which part(s) required deviations from the protocol? 

  
 Following 

the method 
Deviations 

103 No 4.22 - we don't have 1ml volumetric flask than we use a calibrated syringe 

106 

No 7.1 - Cellulose filter paper used: 8um retention size, 240mm 
 
7.2 - When drying the IAC after the elution with methanol, negligible spattering occurred with samples 123, 183, 225 and 273. Only 10mL air 
were pushed through the rest of IAC to avoid spattering. It seemed enough air to collect final drops in the vial. 

109 No We have no volumetric flask of 1 ml. We redissolved the residue of the OTA-stock in the vial with 1 ml added with a electronic multi pipette. 

121 
No The flow rate on the HPLC was set at 1.0ml/min, not 0.8ml/min. 

 
Hamilton autodilutor was used instead of pipettes and volumetric flasks to prepare the 6 calibration solutions. 

124 Yes  
125 Yes  
128 Yes  
130 Yes  

133 

No 4.22 - All calculations were based on given standard concentration 10 microgram/ml, STD Ampoule 0087.  
5.17.5 - HPLC-column: particle size 4 um, I.D. 3.9 mm 
5.17.6 - no pre-column 
5.17.8 - No column oven, ambient temperature was + 22C +/- 1C 
7.2 - Purified samples were evaporated and re-dissolved in mobile phase 
8.4 - All test solutions were analysed by isocratic method, between injections a short wash with 95 % acetonitrile 

136 
No 4.9 – NaH2PO4.2H2O 

5.10 – Glass microfiber filter paper, 1.5um retention size, 110 diameter 
8.1 – Column oven temperature = 30 C 

137 Yes  
148 Yes  

156 

No 4.22 - We did 5 ml OTA standard at 1 µg/ml : 500 µl 4.21 in 5 ml volumetric flask. 
5.18.5 - We used a C18 column 150mm x 4 mm ID 
5.18.8 - Column oven we operated at 30°C 
8.1 - We worked at 0.3 ml/min 

159 
No 8.1 - Mobile phase flow rate used was 1.0ml/min not 0.8ml/min 

8.1 - Column oven was not available so column was not thermostated. Laboratory temperature is controlled at constant temperature of 21 oC 
8.1 (optional) - Autosampler not temperature controlled (at room temperature) 

161 Yes  
164 Yes  
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168 

No 5.17 - HPLC column - Lichrosorb RP-18, 200 mm x 4,6 mm, particales of size 5 um 
5.15 - We had not volumetric flask 1 ml. We used 2 ml glass vial and did the operations as described in 4.22 
7.2 - We used the same apparatus for MVS as in routin analysis. 
Syringe barrel was 10 ml, capisity. We transfer 10 ml diluted, filtred extract to IAC. 10 ml  was taken from ( 5 ml extract + 20 ml PBS) 
8.1 - Flow rate: 1,0 ml/min 
Injection volume: 50 ul 
Detector wavelength: exitation 333 nm, emission 460 nm 

172 Yes  

175 
No 7.2 - Following the confusion surrounding the methanol extraction (see above) I had to take 1ml of the eluate, evaporate it to dryness at 40 

degrees C and then reconstitute the residue in 1ml of mobile phase. 
186 Yes  
197 No 7.2 - used a test tube for collecting the eluate (1.5 ml methanol out of the column) 
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Table 18: 
Did you encounter any problem during the analysis? 
If YES, what were the specific problems and to which samples do they apply? 
Did you notice any abnormality, which however seem to had no effect on the result? (please list also any fast or slow running IACs) 

If YES, please describe and report for which samples (codes) they occurred. 
 Problem Description Abnormality with no 

effect on the result 
Description 

103 No  No  

106 
Yes During filtration step (7.1) two filters broke and 

samples "spiked B and D" had to be filtered again. 
No  

109 No  No  
121 No  No  
124 No  No  
125 No  No  
128 No  No  
130 No  No  
133 No  Yes Sample 288 was difficult to homogenize, it was like a stone 

136 
Yes Problem: interfering peak residing at Ochratoxin 

retention time. 
Strategy: 10 blank injections were performed. 

Yes Spike D and Sample 460 were slow to elute 

137 No  No  
148 No  No  

156 

No  Yes a IAC ran twice slower than all the others. It was the sample 
325. A second IAC analysis were performed and this time, 
worked perfectly. The results are similar : 22,489 µg/kg and 
22,785 µg/kg 

159 No  No  

161 
Yes The material was too hard vacuumed so it was not 

easy to take the laboratory portions. 
No  

164 

Yes The extraction part. We're using an Ultraturrax for the 
extraccion the OTA from the samples (2 
minutes/11000rpm). It was a surprise for us, you 
decided to use this shaking method to extract the 
toxin (40 minutes). Is there any reason, maybe 
crossed-contamination? 

No  
  

168 No  No  
172 No  No  

175 
Yes See above, plus stoppers exploded from the 

extraction flasks during shaking at 7.1 - no sample 
was lost however. 

Yes Fast running 173 and 234. Slow running 115 and 375. 

186 Yes see supplement No  
197 No  Yes Spike A extract had a slower flow rate than the others 
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Table 19: 
Were you familiar with all the steps performed during the analysis? 
If NO, please describe and report for which step(s). (Refer to the respective paragraph number in the method description) 
Any other information you wish to add  

Did you need to include any "over night" stops in the analysis of the MVS samples without performing a new calibration when resuming the sequence? 
If YES, please state for which samples and at what stage of the analysis. 

 Familiarity Paragraph Additional information Stops Samples and stage 

103 

No The procedure used for routine analysis is very similar to 
the method proposed. I list below the differences, probably 
not relevant: 
§4.20 - we normally use narrow bore immunoaffinity 
column 
§7.1 - we centrifuge samples before filtering and than we 
filter all the extract 
§7.2 - normally  we filter (syringe-filter) the eluate before 
HPLC injection 

 No  

106 

No We never used shaking in conical flasks as extraction 
procedure before (7.1). 

We used two different shakers in the 
extraction step (7.1). We chose similar 
speeds, but one of them kept the speed 
constant whereas the other made cycles 
(speed up and slow down, each 30s 
approx.). The samples were distributed as 
follows: 
 
Constant shaker: 123, 183, 225, 273, 278, 
300, 348, 360, 396 
Cyclic shaker: 398, 473, spiked A, B, C and 
D 

No  

109 Yes   No  
121 Yes   No  
124 Yes   No  
125 Yes   No  

128 

Yes  Minor deviation from method:  
method paragraph 8.4 : every 10 test 
solutions the 6 calibration standards were 
injected again - the calibration curve was 
calculated taking into account all calibration 
standards before and after the test 
solutions. 

No  

130 Yes   No  

133 

Yes   Yes Samples were weight on 
previous evening, spiking 
was also made and left to 
evaporate overnight 

136 Yes   No  
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137 Yes   No  

148 
Yes  Retention time of OTA in our column 

(Symmetry C18 4,6 X 250 5 um, Waters) 
was longer (9.8 min) than given in SOP 

No  

156 
Yes  During the IAC eluting, we leaved methanol 

in contact for around one minute. 
No  

159 Yes   No  
161 Yes   No  

164 

Yes  We've analysed the samples in 4 days. 
Every day, we followed the sequence  as 
described in the method. 
For this reason, we're sending you 4 
chromatograms of STD2. 

No  

168 Yes   No  
172 Yes   No  

175 

Yes  All samples analysed by duplicate injection 
on the HPLC on a single overnight run. Std 
2 used as a check - please note 
contradiction between 8.2 and 8.4. The 
former allows for a 3% variation in the 
standard area, whilst 8.4 allows for a 10% 
variation. Note also the difference in 
weights stipulated on the spiking protocol 
(Weigh 25.0g to the nearest 0.1g) to that 
stipulated in the SOP (Weigh 25g to 2 
decimal places). 

No  

186 Yes   No  
197 Yes   No  
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Table 20: 
How did you integrate the signals (automatically or manually)? 
If AUTOMATICALLY, did you visually check the correctness of integration? 
If YES, for how many chromatograms was it necessary to re-integrate the OTA peak? 

Which global settings did you use for automatic integration (e.g. valley-to-valley or horizontal baseline or tangential, etc.)? 
 
 Integration Visual check Chromatograms # Integration mode 

103 Automatically Yes 0 horizontal baseline 
106 Automatically Yes 0 Valley-to-valley 
109 Automatically Yes 0 tangential 
121 Manually    
124 Manually    
125 Automatically Yes 8 Horizontal baseline 
128 Manually    
130 Automatically Yes 4 horizontal baseline 
133 Manually    
136 Manually   Manual integration only. Tangential. 
137 Manually   valley to valley 
148 Automatically No  valley to valley 
156 Automatically Yes 1  

159 

Automatically Yes 1 Report by area 
Min area report: 1000 
Peak sensitivity: 5 (initial default) (set to 10 for samples 309, 361) 
Peak width: 1.5 min (initial default) (set to 1.0 for samples 309, 361) 
Default baseline 
Integration enabled 5-10.0 minutes 

161 Automatically Yes 0  
164 Automatically Yes 6 It depends, but most of the times we used tangencial. 
168 Manually    
172 Automatically Yes 0 Inhibit integration between 0-4 min and 5,2-10 min 
175 Manually    
186 Manually   horizontal baseline 
197 Automatically Yes 2 width: 0.2 
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Abstract 

A method validation study was conducted according to the IUPAC harmonised protocol for the determination of ochratoxin A in 

Capsicum spp. (paprika and chilli). The method is based on the extraction of the samples with an aqueous methanol solution, 

followed by immunoaffinity cleanup. The determination is carried out by reversed phase high performance liquid 

chromatography coupled to a fluorescence detector. The study involved 21 participants representing a cross section of research, 

private and official control laboratories from 14 EU Member States and Singapore. 

Mean recoveries reported ranged from 83.7 to 87.5. The relative standard deviation for repeatability (RSDr) ranged from 1.7 to 

14.3 %. The relative standard deviation for reproducibility (RSDR) ranged from 9.1 to 27.5 %, reflecting HorRat values from 0.4 

to 1.3 according to the Horwitz function modified by Thompson. A correction for recovery with the data generated by 

fortification experiments further improved the reproducibility performance of the method. 

The method showed acceptable within-laboratory and between-laboratory precision for each matrix, as required by current 

European legislation. 



 

 

As the Commission’s in-house science service, the Joint Research Centre’s mission is to provide EU 

policies with independent, evidence-based scientific and technical support throughout the whole policy 

cycle. 

 

Working in close cooperation with policy Directorates-General, the JRC addresses key societal 

challenges while stimulating innovation through developing new standards, methods and tools, and 

sharing and transferring its know-how to the Member States and international community. 

 

Key policy areas include: environment and climate change; energy and transport; agriculture and food 

security; health and consumer protection; information society and digital agenda; safety and security 

including nuclear; all supported through a cross-cutting and multi-disciplinary approach. 
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