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INTRODUCTION

Mycotoxins are the products of vital activity (metabolites) of microscopic
fungi (molds). They can infect fodder plants during their vegetation and
storage. Mycotoxins are present in almost all types of agricultural products
worldwide®.

Mycotoxins are the most dangerous for animal and human health. They
are able to contaminate food and feed at all stages of production, storage,
transportation and sale. They are natural contaminants of cereal grains,
legumes, sunflower seeds, as well as vegetables and fruits. Studies conducted
by both domestic and foreign scientists indicate the possibility of a high
frequency and degree of contamination of food and feed?. Currently, about
350 species of microscopic fungi have been identified, which produce about
400 mycotoxins, most of which cause alimentary toxicosis in animals and
humans. Mycotoxins are produced by different strains of fungi and each strain
can produce several mycotoxins. A significant number of mycotoxins have
immunosuppressive, mutagenic, allergenic, teratogenic and carcinogenic
properties, contribute to a decrease in the overall resistance of the body, the
development of infectious and non-invasive diseases. The presence of
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mycotoxins in feed leads to a deterioration in productivity, reproduction and
immune status of animals, causes a number of diseases >4 5 &

One of the indicators of food and feed safety is the study of the content of
mycotoxins. Common mycotoxins are aflatoxins Bi, Bz, Gi, G2 and
deoxynivalenone. These toxins can affect grain crops, feed intended for farm
animals, and finished food products’.

Many world scientists are conducting research on improving, simplifying
the process, reducing sample preparation time, reducing costs and
simultaneously determining the maximum amount of mycotoxins in one
sample preparation® 9 101112

There are various methods for determining mycotoxins, but preference is
given to arbitration quantitative confirmatory methods. For example, the high-
performance liquid chromatography (HPLC) method is used to determine the
content of aflatoxin B1 and the sum of aflatoxins Bs, By, G1 and G in grain
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crops*®. Deoxynivalenol is also determined by the method of high-performance
liquid chromatography using immunoaffinity columns, but Ukraine does not have
a valid regulatory document for this method. Currently, Ukraine regulates the
determination of deoxynivalenol only by the enzyme-linked immunosorbent
assay method*. There are also European standardized methods for determining
mycotoxins in various matrices (food products) 5 6,

Harmonization of Ukrainian legislation with global standards and
standards adopted in the EU requires the coordination of national
requirements for the control of feed safety for productive animals, which will
make it possible to export agricultural products outside Ukraine. The
requirements for methods for controlling the content of mycotoxins in feed
materials and feed should be revised accordingly.

Nowadays, in connection with the harmonization of Ukrainian legislation
with EU requirements and Ukraine’s membership in the WTO, the
implementation of a quality system in independent laboratories and
laboratories at food and feed production facilities is becoming particularly
relevant. In particular, this applies to chemical-analytical testing laboratories
that are involved in the control of food safety and quality®’. It should be noted
that in the countries of the European Union the requirements for the content
of foreign and toxic compounds in food are quite strict'®. In this case, the
effectiveness and reproducibility of each method used for the analysis of food
and feed must be proven'®. This can be achieved by assessing the suitability
(validation) of the method according to generally accepted and proven
approaches. These criteria are presented in Commission Decision

B JICTY EN 12955-2001 Ilpomyktn xapuoi. Busmauemns agnarokcury-Bl Ta cymn
admnaroxcuniB B1, B2, G1 ta G2 y 3epHOBUX KyJbTypax, (ppyKTax i3 TBEpIOIO IKIPKOIO Ta MOXITHUX
Bl HHX TIPOAYKTaX. MeTon BHCOKOG(EKTHBHOI piIMHHOI Xpomarorpadii 3a JOIOMOTro0
TIOCTKOJIOHKOBOI JIepHBATH3ALii Ta OUMIIaHHs Ha iMyHHiH komnonti (EN 12955:1999, IDT)

14 ICTY 8168:2015 3epHOBi KyIbTypH, IIPOAYKTH iX HepepoOIsHHs, KoMbikopMu. MeTos
BU3HAYCHHSA BMiCTy I[e30KCPIHiBaHeHOHy

15 EN 15891:2010. Foodstuffs — Determination of deoxynivalenol in cereals, cereal products
and cereal based foods for infants and young children — HPLC method with immunoaffinity
column cleanup and UV detection

16 EN 15791:2009. Animal feeding stuffs - Determination of Deoxynivalenol in animal feed
- HPLC method with UV detection and immunoaffinity column clean-up
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2002/657/EC?. This regulatory legal act contains rules for chemical-
analytical methods used in the examination of samples taken in accordance
with the second paragraph of Article 15 of Directive 96/23/EC and defines
common criteria for the interpretation of the results obtained in laboratories.
Given the consistent, detailed and clear presentation of the validation
procedure, the selection of its criteria and the processing of the data obtained,
Commission Decision 2002/657/EC can be used as a basis for the validation
of any analytical research method.

The aim of the work was to determine the suitability of methods for
detecting residual amounts of aflatoxin B1 and deoxynivalenol in grain and
feed by high-performance liquid chromatography according to validation
criteria: linearity, detection limit, specificity, intra-laboratory reproducibility,
accuracy (recovery).

1. Materials and methods of research

The research was conducted on the basis of the Ukrainian Laboratory of
Quality and Safety of Agricultural and Industrial Products of the National
University of Life and Environmental Sciences of Ukraine, which includes a
research center for monitoring the quality and safety of agricultural resources
and agricultural and industrial products. It is equipped with modern measuring
equipment, automated computer systems, and numerous databases. The
quality management system of Laboratory is built in accordance with the
requirements of DSTU ISO/IEC 17025:2006 (ISO/IEC 17025:2005), which
is confirmed by the Accreditation Certificate of the National Accreditation
Agency of Ukraine.

When assessing the suitability of the method for determining the content
of aflatoxin Bi in grain crops by high-performance liquid chromatography
(HPLC), a Shimadzu LC-20A liquid chromatograph with a fluorescent
detector was used. For the analysis, analytical reversed-phase columns C18
were used: Supelco Ascentis™, length 150 mm, internal diameter 4.6 mm,
sorbent with a particle size of 5.0 um and a reversed-phase chromatographic
precolumn Supelguard™ Ascentis™, length 20.0 mm, internal diameter
4.0 mm, sorbent with a particle size of 5.0 um, 5 um kit.

To assess the suitability of the method for determining the content of
deoxynivalenol (DON) in grain crops by HPLC with purification on
immunoaffinity columns, an Ultimate 3000 liquid chromatograph with a
diode-array detector was used. For the analysis, a Supelco Discovery C18

2Commission Decision of 14 August 2002 implementing Council Directive 96/23/EC
concerning the performance of analytical methods and the interpretation of results (notified under
document number C (2002) 3044), text with EEA relevance 2002/657/EC. // Official Journal of
the European Union. 17.08.2002. L 221. P. 8.
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chromatographic column, length 250.0 mm, internal diameter 4.6 mm,
particle size 5.0 pm, was used.

The mobile phase for the determination of aflatoxin B; was acetonitrile:
water: methanol (2:6:2), containing potassium bromide at a concentration of
0.12 g/l and 200 pl/l nitric acid; for the determination of deoxynivalenol, the
mobile phase was acetonitrile:water:methanol (3:94:3).

Chromatographic analysis conditions for the determination of aflatoxin
B1:

1) flow rate: 1 cm®/min;

2) injection volume: 20 pl;

3) column thermostat temperature: 40°C;

4) wavelengths: Aex = 362 nm; Aem = 440 nm.

Chromatographic analysis conditions for the determination of
deoxynivalenol:

1) flow rate: 1 cm3/min;

2) injection volume: 20 pl;

3) column thermostat temperature: 30°C;

4) autosampler temperature: + 13°C

5) wavelength: 218 nm.

The control was cereal grain samples (wheat, barley), which were
previously checked for the absence of target analytes. The introduction of
mycotoxins into the control samples to the required concentration level was
carried out using standard solutions. A standard certified sample of aflatoxin
B: with a concentration of 25 pg/ml manufactured by Trilogy and a standard
sample of deoxynivalenol with a concentration of 1000 pg/ml manufactured
by Sigma-aldrich were used. The standard samples and test samples were
stored under appropriate microclimate conditions in the sample preparation
rooms: temperature —20+5°C, humidity — up to 80%. In parallel, samples were
prepared with the addition of the corresponding mycotoxins and the purity of
the reagents was controlled.

The work used immunoaffinity columns AFLAPREP® and DONPREP®,
designed for the isolation of aflatoxins By, By, G; and G, and deoxynivalenol
from cereals, manufactured by R-BIOPHARM RHONE LTD. The study was
conducted in accordance with the methodological recommendations for the
use of these columns?*,?,

Methodology for the determination of aflatoxin Bi. Since DSTU EN
12955-2001 does not clearly specify the type and manufacturers of
immunoaffinity columns that must be used during the analysis, we used

ZAFLAPREP®. Immunoaffinity columns for use in conjunction with HPLC or LC-MS/MS.
For in vitro use only. R-BIOPHARM RHONE LTD, 2016, 23 p.

ZDONPREP® Immunoaffinity columns for use in conjunction with HPLC or LC-MS/MS.
For in vitro use only. R-BIOPHARM RHONE LTD, 2016, 23 p.
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AFLAPREP® columns to develop the method, which make the sample
purification procedure more convenient. At the same time, the sensitivity of
the method increases due to enrichment of the analysis and its purification
from matrix components, and the analysis speed increases. Therefore, the
working method proposed by us follows from the AFLAPREP® column used
by us. For this, 50 g of homogenized sample was weighed and 5 g of sodium
chloride and 100 cm3 of 80% methanol were added.

To confirm the presence of aflatoxin B in the sample by HPLC, it is
necessary to perform derivatization, which increases the natural fluorescence
of the toxin under UV light and makes their detection easier. Traditionally,
complex chemical derivatization is used for this purpose. However, it has
significant limitations that can be overcome using the KOBRA well.

During electrochemical derivatization of aflatoxin B;, a bromide binding
reaction occurs in the KOBRA well (reaction time 4 sec at room temperature).
This does not require additional equipment and daily preparation of reagents,
unlike the use of iodine as a derivative.

Therefore, the assessment of the suitability and validation of the working
method was carried out taking into account the above-mentioned
immunoaffinity columns and the KOBRA well used by us. According to the
methodological recommendations for the use of AFLAPREP®
immunoaffinity columns and DSTU EN 12955-2001, the procedure for
assessing the feasibility of the method includes the following main stages:
extraction with methanol, filtration, retention of aflatoxins, washing, elution,
determination of aflatoxins using high-performance chromatography. Further
validation showed that the proposed working method is optimal for the
Shimadzu liquid chromatograph (Japan) in the conditions of this laboratory.

The determination of deoxynivalenol according to the method developed
by us includes the following main stages: extraction with deionized water,
filtration (centrifugation), retention of deoxynivalenol in the DONPREP®
immunoaffinity column, washing of the DONPREP® immunoaffinity
column, elution of deoxynivalenol from the DONPREP® immunoaffinity
column, evaporation of the eluate, dilution with a mobile phase, determination
of deoxynivalenol using high-performance chromatography. In this case, 25 ¢
of finely ground barley sample was taken, 5 g of sodium chloride was added,
200 cm?® of distilled water was added and extracted for 30 min on a shaker.
The extract was filtered and passed through the DONPREP® immunoaffinity
column. The method was tested on a Dionex ICS 3000 liquid chromatograph
(USA). The assessment of the suitability of the methods was carried out in
accordance with Commission Decision 2002/657/EC, which implements
Council Directive 96/23/EC on the performance of analytical methods and the
interpretation of results.
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2. Assessment of the conformity of the methods for aflatoxin B1 and
deoxynivalenol determination in grain and feeds by method of high-
performance liquid chromatography

The assessment of validation criteria (linearity, detection limit,
quantification limit, specificity, intralaboratory reproducibility, accuracy) and
their parameters began with determining the type of method chosen. In this
case, the HPLC method is quantitative. It is an analytical method that
determines the amount or mass fraction of a substance in such a way that it
can be expressed as a numerical value of the corresponding units. One of the
most important criteria of a quantitative analytical method is accuracy — the
degree of closeness between the average value obtained from a series of
research results and the accepted value. This criterion reflects how closely the
obtained result corresponds to the actual value and for its determination,
researchers are required to use certified reference material. In its absence, it is
allowed to use the method of adding standards to a clean matrix with
subsequent analysis determination and the corresponding calculation of the
percentage of recovery (P). According to the recommendations of the above-
mentioned decision for substances with established maximum permissible
levels (MRLs), the sample should be fortified with the analyte in three
concentrations, which are 0.5; 1 and 1.5 of the MRL, ten samples for each.
The MRL of aflatoxin B; according to Commission Regulation EC
No. 1881/2006 for cereals and cereal products is 2 pg/kg.

The matrix (barley flour) was analyzed for the content/absence of aflatoxin
B1 by operator I. According to the data obtained, aflatoxin B1 is absent in the
matrix.

The main validation criteria for the quantitative confirmatory method for
the determination of aflatoxin B in cereals according to Commission Decision
2002/657/EC are:

— linearity (calibration curve);

— limit of detection (LOD);

— limit of quantification (LOQ);

— specificity (selectivity);

— intralaboratory reproducibility;

— accuracy (recovery).

Definition of linearity. Linearity is the ability of a method (within the
range of application) to give values directly proportional to the concentration
(amount) of the analyte in the sample.

Using the available standard solutions of aflatoxins B, ten concentrations
were prepared, including zero — 0 ng/cm?®; 0.05 ng/cm?; 0.1 ng/cm3; 0.5
ng/cm?; 1.0 ng/cm?; 2.0 ng/cm?; 5.0 ng/cm3; 10.0 ng/cm?; 20.0 ng/cm?; 40.0
ng/cm? (at least in three parallels).
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According to the obtained data, which were processed by the Spline
program (Table 1), the response of the instrument to the studied analyte
concentrations is linear and the method can be used for the quantitative
determination of aflatoxin B; in experimental grain samples.

Table 1
Regression analysis for the method for determining the content
of aflatoxin By

Regression a + bx
a= 0.0245 (95% confidence interval
a+0,0296)
b= 1.0017 (95% confidence interval
b + 0,0299)
Residual variance Sy: 0.0355

Standard square deviation (SSD) of the

method (Sxo=Sy/h): 0.0354
Coefficient of variation
Vxo = Sxo/Xcp,(%): 10.779
Detection limit: _ 0.0335 . 3
(Xc=0,0167) concentration, ng/cm
Convergence criterion (d) for N=2,3,4 0.9997

(%):
Data linearity:

Satisfactorily
{PG=0.1813; F(1,7;0.99)=5.592}
Satisfactorily
{PG=2.945; X2(8;0.95)=15.51}

Homogeneity of dispersions:

The detection limit for an analytical instrument is the lowest
concentration of the analyte that can be identified on a given instrument by a
given method with acceptable statistical probability.

According to the obtained data, which were processed by the Spline
program (Table 1), the detection limit for a given analytical standard on the
equipment used is 0.03 ng/ml of aflatoxin B1 in solution. Therefore, the
detection limit of aflatoxin Bj is acceptable.

The limit of quantification of a method is the lowest concentration of the
analyte in the sample (ug/kg) that can be measured by this method with
acceptable statistical reliability and a defined uncertainty.

According to Commission Regulation EC 1881/2006, the MRL for
aflatoxin B1 for all cereals and all cereal products is 2.0 pg/kg. According to
this directive, the lowest concentration of aflatoxin B, that is 0.5 of the MRL
is 1.0 ug/kg (Table 2).
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Table 2
Results of intra-laboratory reproducibility for the quantitative
confirmatory method for the determination of aflatoxin B1, n=20

Aflatoxin B, concentration (K)
Operator
number 1 pg/kg added 2 pg/kg added 3 png/kg added
K, K1,
ng/mi Ky, ngkg | K,ngiml | Ky, pgkg | K, ng/ml ug/ke
Kaverage 0.45 0.89 0.84 1.67 1.26 2.53
jtar?d?rd 0.01 0.02 0.02 0.05 0.02 0.04
eviation
CV,% 2.34 2.34 2.68 2.68 1.38 1.38
CVmean=2.13 £0.67

According to the data obtained by us, the limit of quantification for this
method on the equipment used is 0.89 pg/kg of aflatoxin B1, which meets the
requirements of the directive.

Specificity and selectivity are the properties of a method to accurately
determine the analyte of interest in the presence of other components in the
sample under standard test conditions.

To determine these indicators, 10 independent samples of a blank matrix
(barley flour) were analyzed. Aflatoxin B1 was not detected in them, therefore,
the criteria of specificity and selectivity are validated (confirmed).

Reproducibility is precision under reproducibility conditions, i.e. under
conditions where test results are obtained by the same method on identical test
samples in different laboratories, by different operators, on different
equipment.

Intra-laboratory reproducibility reflects the ability of the method to
provide repeatable results with a small statistical deviation under the influence
of minor changes (replacement of reagents, room temperature, conducting the
study on a different day, on a different device, etc.).

Intra-laboratory reproducibility reflects the variation of results observed
when one or more factors are changed in the same laboratory. One of the
factors may also be the same sample over a long period of time (repeated
measurements), but only if it is reliably known that the parameter being
measured does not change its values over time.

To determine this criterion, the following manipulations were performed:

— the blank matrix (barley flour) was enriched with aflatoxin B; in
concentrations equivalent to 0.5; 1 and 1.5 MRL, i.e.: 1.0; 2.0 and 3.0 pg/kg.
Each of the above concentrations was analyzed in 10 parallels.

This experiment was reproduced similarly under other conditions (change
in ambient temperature, reagent batches) and with a different operator.

After that, the concentration of aflatoxin B; was calculated in each
analyzed sample and the average concentration, standard deviation and
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coefficient of variation (CV,%) in the enriched samples were calculated
(formula 1):

CV =CB/Kc -100,%, (1)
where SV is the standard deviation; Kc is the average value of the obtained
analyte concentration.

The calculations were made according to formula 2:

K, =K-2 pg/kg, @)
where Kj is the concentration of aflatoxin B, ug/kg; K is the concentration of
aflatoxin B1 obtained as a result of chromatographic analysis of the sample,
ng/cm?®; K-2, since K is the concentration in 1 cm?, we obtain the concentration
in ng/cm?®, and 2 is the conversion coefficient, according to the method, which
is identical to pg/kg.

For a more complete assessment of the obtained data, the coefficient of
variation was calculated, which characterizes the relative degree of deviation
of the measured values from the arithmetic mean.

The coefficient of variation (CV) was calculated for the purpose of
comparative analysis of results obtained by two operators. CV characterizes
intra-laboratory reproducibility and is: for a concentration of 1 pg/kg — 2.34%;
for a concentration of 2 pg/kg — 2.68%; for a concentration of 3 pg/kg — 1.38%.
CVmean = 2.1340.67, which according to Commission Decision 2002/657/EC
should not be > 20%, and therefore is appropriate.

Accuracy — reflects the closeness of a large number of measurement results
to the true (actual) or accepted reference value.

The accuracy is determined by the following methods: using certified
standard samples (in the case of repeated measurements of certified reference
material, the deviation ranges given in Table 3 for the experimentally
determined average mass fraction value from the certified value should be
taken into account.

Table 3
Minimum recovery of quantitative methods
Mass fraction Range
<1 pg/keg from minus 50% to +20%
>1 png/kg — 10 pg/kg from minus 30% to +10%
>10 pg/kg from minus 20% to +10%

In the case where reference materials are not available, accuracy can be
assessed by determining the recovery from the addition of known amounts of
the substance under investigation to a blank matrix. The quantitative indicator
of accuracy in this case will be the percentage recovery.

We evaluate the recovery, which determines the accuracy of the
measurement procedure.
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Recovery is the percentage of the true concentration of the analyte that is
recovered during the analytical method. It is determined during the validation
process if a certified reference material is not available.

Recovery was determined by adding the active ingredient to a blank
sample. The exact amount of the active ingredient (aflatoxin B1) was added to
the blank sample at concentrations of 0.5; 1.0; 1.5 MRL, respectively.

The recovery percentage is calculated as follows (formula 3):
returned quantity 100 %,

RP =
added quantity ®)
Confidence interval for the recovery percentage (formula 4):
RP = (95%.n—10 )¢ x=2235 10 00 ;2 F 223 Jio -100). &)
addded guantily added guantity

where X is the average of 10 determinations; s is the standard deviation (on.1).

The assessment of the recovery criterion for the suitability of the method
for determining the content of aflatoxin By was determined according to the
following scheme:

— 10 blank samples were analyzed to ensure the purity of the matrix (the
data obtained during the determination of the previous parameters can be
used) and 10 aliquots were fortified at 0.5; 1.0 and 1.5 MRL, i.e. 1.0; 2.0 and
3.0 pg/kg. The concentration present in each sample was determined,;

— the recovery for each sample was determined using formula (3) above;

— calculated the mean value of the return and the coefficient of variation
(CV = SV/Kc-100) from ten results for each level.

20 samples of barley flour were analyzed for each concentration: 1 ug/kg
(0.5 MRL); 2 pg/kg (1 MRL) and 3 pg/kg (1.5 MRL). The calculations were
made according to the following formula:

K = (C-2)/1000) -1000, (5)
where K is the concentration of aflatoxin Bi, ug/kg of flour; C is the
concentration of aflatoxin B, in the sample, ng/cm? (according to calibration
solutions); 2 is the conversion factor according to the method; 1000 is the
conversion factor from nanograms to micrograms; 1000 is the conversion
factor from mass to 1 kg.

According to the data obtained for the added concentration of aflatoxin B,
(1 pg/kg), the actual obtained concentration is 0.89+0.02 pg/kg (Table 4).

In this case, the recovery percentage is 89.4+2.34%, which corresponds to
the minimum permissible values (for concentrations > 1 pg/kg — 10 pg/kg, the
recovery should be 70-110%).

The coefficient of variation for this added concentration is 2.34%, which
according to Commission Decision 2002/657/EC is appropriate, since it is not
> 20%.
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Table 4
Mean values of the recovery results for aflatoxin B1
in three concentrations, n=20

Aflatoxin B, concentration (K)

1 ng/kg added 2 ng/kg added 3 pg/kg added

Criteria C, C,

ng/ml K, pg/kg C, ng/ml K, Mxr/kr ng/ml K, ng/kg
Kaverage 0.45 0.89 0.84 1.67 1.26 2.53
jta(‘d?rd 0.01 0.02 0.02 0.05 0.02 0.04
eviation

CV,% 2.34 2.34 2.68 2.68 1.38 1.38
Recovery,% - 89.4 - 83.7 - 84.3

According to the data obtained for the added concentration of aflatoxin B
(2 pg/kg), the actual obtained concentration is 1.67+0.05 pg/kg; with a
recovery rate of 83.742.68%, which is within the minimum permissible limits.

The coefficient of variation for the added concentration is 2.68%, which is
appropriate.

According to the data obtained, for an added concentration of 3 ng/kg of
aflatoxin B;, the actual concentration obtained is 2.53+0.04 pg/kg; with a
recovery rate of 84.3+1.38%, which is within the minimum permissible limits.

The coefficient of variation for an added concentration of 3 pg/kg is
1.38%, which is appropriate.

Therefore, according to the obtained data, for all analyzed concentrations
of aflatoxin By, the recovery percentage is 85.8+3.65%, which corresponds to
the minimum permissible values (for concentrations > 1-10 pg/kg, the
recovery percentage should be 70-110%), while the coefficient of variation
(CV,%) is 2.13 + 0.67 and is appropriate, since according to Commission
Decision 2002/657/EC it should not be > 20% (Table 5).

The next stage of our work was to assess the suitability of the measurement
method for deoxynivalenol.

Due to the fact that Ukraine does not have a national standard for the
determination of deoxynivalenol by HPLC, a working method for the
determination of deoxynivalenol content in grain crops by high-performance
liquid chromatography with purification on immunoaffinity columns was
developed, tested and validated. The use of specific immunoaffinity columns
simplifies and accelerates the complex procedure of sample preparation in
chromatographic analysis, makes it possible to accurately determine the
amount of this mycotoxin in the sample after the extraction procedure. Using
immunoaffinity columns, the analyte is enriched and purified from matrix
components. Advantages of immunoaffinity columns: improved sample
preparation quality, increased sensitivity of the HPLC method, speed of
analysis, convenience of the sample purification procedure.

326



Table 5

Metrological characteristics of the assessment of the suitability
of the measurement method for aflatoxin B

Validation Criteria
criterion requirements
according to according to Result obtained Conformity
Directive Directive
EC 657/2002 EC 657/2002
Concentration 1 pg/kg:
CV =2.34%.
P Concentration 2 pg/kg:
ﬁfﬁggggg% CV < 20% CV = 2.68%. consist
Concentration 3 pg/kg:
CV =1.38%.
CVmean =2.13 £ 0.67%
Lo The response of the instrument
Calibration L'ne?élstt)é;t the atrihe tested analyte consist
curves concentrations concentratlor;_s (040 ng/mL) is
inear
Individual for
LOD individual 0.03 ng/ml consist
equipment
Individual for a
LOQ particular 0.89 ng/kg consist
method
Concentration 1 pg/kg:
Recovery 89.4 + 2.34%,
CV =2.34%.
. Concentration 2 pg/kg:
75(;::2\?]%% Recovery 83.7 +2.68%
Recovery cv = .2'68%' consist
Concentration 3 pg/kg:
Recovery 84.3 + 1.38%;
CV = 20% CV = 1.38%;
Mean recovery:
85.8 £3.65%;
CVinean = 3.65%.

In order to assess the suitability of the measurement method for
deoxynivalenol, the same criteria were used as for aflatoxin Bj.

The matrix (barley flour) was analyzed for the presence/absence of
deoxynivalenol by operator I. According to the obtained data, deoxynivalenol
was detected in the matrix in an amount of 0.0438 mg/kg.

For deoxynivalenol, according to Commission Regulation (EC)
1881/2006, the MRL or permitted limit for whole barley grain is 1.25 mg/kg,
and 0.75 mg/kg for its processed products. According to the Mandatory
Minimum List of Research on Raw Materials, Products of Animal and Plant
Origin, Compound Feed Raw Materials, Compound Feeds, Vitamin
Preparations, etc., the MRL for deoxynivalenol in animal feed is 1.0 mg/kg.
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According to the current DSTU 3769-98, the MRL for barley used for
industrial purposes and for export is 1.0 mg/kg, for barley used for feed
purposes — 0.5 mg/kg %, 24,

Linearity (calibration curve).

From the available standard solutions of deoxynivalenol, 7 concentrations
were prepared, taking into account zero — 0 pg/cm®; 0.0625 pg/cm?;
0.125 pg/cm3; 0.250 pg/cm?®; 0.5 pg/cm®; 1.0 pg/cm?; 2.0 ug/cm?®, which were
studied in three parallels.

According to the obtained data, which were processed by the Spline
program (Table 6), the response of the instrument to the studied analyte
concentrations is linear, therefore the method can be used for the quantitative
determination of deoxynivalenol in samples.

The detection limit for this analytical standard on the equipment used is
0.009 mg/cm? of deoxynivalenol in solution. Therefore, the detection limit of
deoxynivalenol is acceptable.

Limit of quantification.

According to the current DSTU 3769-98 the MRL for barley is 0.5 mg/kg.
During the experiment, the lowest concentration of deoxynivalenol in the
barley sample was established (0.24+0.02 mg/kg), which can be quantitatively
calculated using the Ultimate 3000 liquid chromatograph with a diode array
detector (Table 6).

According to the data obtained, the limit of quantification (LOQ) for this
method on the equipment used is 0.24 mg/kg of deoxynivalenol.

Specificity and selectivity

To determine these indicators, 10 independent samples of the blank matrix
(barley flour) were analyzed: the average concentration of deoxynivalenol was
0.0438 mg/kg, the standard deviation (SD) was 0.0039.

The average value of the 10 analyzed independent samples of the blank
matrix is ~ 43.8 pg/kg. In the future, to determine criteria such as intra-
laboratory reproducibility and percentage recovery during blank soldering, it
is necessary to take into account the specified value of the blank concentration.

BIICTY 3769-98 SAuminb. Texniuni ymosu. 3 Tlonpaskoro (ITIC Ne 6-99)

20608’ A3K0BHIH MiHIMANBLHUI TIEpeTiK JOCITiIKEHb CHPOBUHH, MPOAYKII POCIMHHOTO Ta
TBapPUHHOTO MOXOJKEHHS, KOMOIKOPMOBOT CHPOBHHH, KOMOIKOPMIB, BITAMiHHHX TIpenapariB Ta
in. Haka3 [lep>xaBHOro nemapTaMeHTy BeTeprHapHOi Meauuan Ykpainu Bix 03.11.1998 poky,
Nel6.
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Table 6
Regression analysis for the method for determining the content
of deoxynivalenol

Regression a + bx
a= 0.0005
(95% confidence interval a +0.0023)
b= 0.5121
(95% confidence interval b + 0.0057)
Residual variance Sy: 0.002

Standard square deviation (SSD) of

the method (Sxo0=Sy/b): 0.004
Coefficient of variation
Vxo0 = Sxo/Xcp, (%): 1.897
Detection limit: 0.009 (Xc=0.004) concentration, pg/cm®
Convergence criterion (d) for
N=2,3.4 (%): 0.9999

Satisfactorily
{PG=0.2696; F(1,5;0.99)=6.608}
Satisfactorily
{PG=-29.89; X2(6;0.95)=12.59}

Data linearity:

Homogeneity of dispersions:

Intra-laboratory reproducibility was performed according to the following
scheme:

— the blank matrix (barley flour) was spiked with deoxynivalenol at
concentrations equivalent to 0.5; 1.0 and 1.5 MRL, i.e.: 250, 500 and 750
ng/kg. Each concentration was analyzed in 10 parallels;

— this experiment was repeated under different conditions (change in
ambient temperature, reagent batches) and with a different operator.

After that, the concentration of each analyzed sample was calculated and
the average concentration, standard deviation and coefficient of variation
(CV%) in the spiked samples were calculated according to formula 6.

K =(C-1000)/1 (6)
where K is the DON concentration, mg/kg of flour; C is the DON
concentration in the sample, pg/cm® (according to calibration); 1000 is the
conversion to pg/kg; 1 is the conversion factor under the condition of passing
8 cm® of extract through the column (equivalent to 1 g of sample).

The coefficient of variation was calculated for the purpose of comparative
analysis of the results obtained by two operators. The coefficient of variation
(CV) characterizes intra-laboratory reproducibility and is: for a concentration
of 250 pg/kg — 8.7%; for a concentration of 500 pg/kg — 11.3%; for a
concentration of 750 pg/kg — 8.2%. CVmean = 9.4 + 1.65 is appropriate, since
according to Commission Decision 2002/657/EC it should not be > 20%.

Recovery. The recovery was determined by adding the active ingredient to
the blank sample. The exact amount of the active ingredient (analyte) was
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added to the blank sample at concentrations of 0.5; 1.0; 1.5 MRL, respectively,
measured once.

The recovery percentage was calculated according to formula 3.

The confidence interval for the recovery percentage was according to
formula 4.

During the assessment of the suitability of the method for the
determination of deoxynivalenol, the recovery percentage was determined
according to the following scheme:

— 10 blank samples were analyzed to ensure the purity of the matrix and
10 aliquots were fortified at the level of 0.5; 1.0 and 1.5 MRL, i.e. at the level
of 250; 500 and 750 pg/kg. The concentration present in each sample was
determined,;

— the recovery was determined for each sample using formula 3 above;

— the average recovery and coefficient of variation (CV = SV/Kc-100)
were calculated from ten results for each level.

20 samples of barley flour were analyzed for each concentration:
250 pg/kg (0.5 MRL); 500 pg/kg (1.0 MRL) and 750 pg/kg (1.5 MRL). The
calculations were made according to formula 6/

According to the data obtained (Table 7), for the added concentration of
deoxynivalenol (250 pg/kg), the actual concentration obtained is
236.7+£8.7 ng/kg; the recovery percentage is 94.7+8.2%, which corresponds
to the minimum permissible values according to Commission Decision
2002/657/EC (for concentrations > 10 pg/kg, the recovery percentage should
be 80-110%).

The coefficient of variation for this added concentration is 8.7%, which
should not be > 20%, and therefore is appropriate.

Table 7
Mean values of the recovery results for deoxynivalenol
at three concentrations, n=20
Deoxynivalenol concentration
Criteria 250 pg/kg 500 pg/kg 750 pg/kg
Crnean, ug’kg 236.7 4445 630.8
Crnean, ug’kg 2.37 4.45 6.3
CB 20.6 50.2 52.0
CV.% 8.7 11.3 8.2
Recovery,% 94.7 88.9 84.1

According to the data obtained for the added concentration of
deoxynivalenol (500 pug/kg), the actual obtained concentration is
444.5+11.3 pg/kg; while the recovery percentage is 88.9+£10.0%, which
corresponds to the minimum permissible values.

The coefficient of variation for this added concentration is 11.3%, which
is appropriate.
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For the added concentration of deoxynivalenol (750 pg/kg), the actual
obtained concentration is 630.8+8.2 ng/kg; while the recovery percentage is
84.1+10.0%, which corresponds to the minimum permissible values. The
coefficient of variation for this added concentration is 8.2%, which is
appropriate.

Therefore, according to the obtained data, for all analyzed concentrations
of deoxynivalenol, the recovery percentage is 89.2+5.3%, which corresponds
to the minimum permissible values according to Commission Decision
2002/657/EC (for concentrations > 10 pg/kg, the recovery percentage should
be 80-110%), while the coefficient of variation (CV,%) is 9.4+1.65, which is
appropriate.

CONCLUSIONS

Based on the conducted experimental studies, it was established that the
methods for determining the content of aflatoxin B1 by high-performance
liquid chromatography and the determination of the content of deoxynivalenol
by high-performance liquid chromatography with purification on
immunoaffinity columns are suitable for the study of grain, grain products and
feed from it and can be used by laboratories to conduct similar studies. The
adapted methods for determining mycotoxins are highly sensitive and their
parameters meet European requirements.

SUMMARY

The suitability of methods for determination of residual amounts of
aflatoxin B1 and deoxynivalenol in grain, products and feeds from grain by
the method of high-performance liquid chromatography with validation
criteria was evaluated: linearity, detection limit, specificity, intralaboratory
reproducibility, correctness (return).

It was concluded that the methods for determining in cereal cultures of
aflatoxin B and deoxynivalenol content with purification on immunoaffinity
columns by the method of high-performance liquid chromatography are
suitable for the study of grain, products and feeds from grain and can be used
by laboratories for conducting similar studies.

Adapted methods of mycotoxins determination are highly sensitive and
meet European requirements according to their parameters.

The recovery percentage is 85.8 = 3.65% for all the concentrations of
aflatoxin B; analyzed. It corresponds to the minimum allowable value
according to Commission Decision 2002/657/EC, with the coefficient of
variation (CV,%) being 2.13 £ 0.67 and is in accordance with Commission
Decision 2002/657/EC. The recovery rate is 89.2 = 5.3% for all analyzed
concentrations of deoxynivalenol, which corresponds to the minimum
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allowable value according to Commission Decision 2002/657/EC, the
coefficient of variation (CV,%) is 9.4 £+ 1.65 and is suitable.
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