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Abstract. Today, esters of 3-monochloropropane-1,2-diol (3-MCPD-
E) and glycidol (GE) remain one of the most pressing food safety issues, so a
thorough study of their structure, formation mechanisms and control methods
is an urgent issue. 3-MCPD and GE are fat-soluble toxic substances that can
be formed in vegetable oils during their production and processing.
Chloropropanols are by-products formed as a result of acid hydrolysis of
glycerol lipids at elevated temperatures, during production or storage, and in
the process of deodorization of edible oils. As a rule, 3-MCPD and GE are
formed as a result of high-temperature exposure to fats, and they have
carcinogenic, genotoxic, nephrotoxic and other types of negative effects on
the human body. That is why their content is strictly regulated and must be
controlled both in raw materials and in final products based on them. The
direct determination of glycidol esters and fatty acid esters of 3-MCPD is
performed by HPLC/MS/MS, but this method is difficult to use in practice
due to the large number of components to be determined (84) and the lack of
analytical standards. The most common indirect methods of control are when
all esters of glycidol and 3-MCPD decompose to just glycidol and 3-
monochloropropanediol, respectively. The purpose of the work is to validate
the method 1SO 18363-1:2015 “Animal and vegetable fats and oils —
Determination of fatty-acid-bound chloropropanediols (MCPDs) and
glycidol by GC/MS. Part 1: Method using fast alkaline transesterification
and measurement for 3-MCPD and differential measurement for glycidol” on
an Agilent 8890B gas chromatograph under the conditions of Kotekna
Ukraine Limited LLC. It has been determined the limits of detection (LOD)
and quantification (LOQ) of MCPDs, proved the linearity of the method;
assessed the precision of measurements, provided an estimate of the
extraction and bias coefficients, calculated the expanded uncertainty. This
study may contribute to the correct determination of the content of MCPDs
and glycidol in vegetable oils.

Key words: 3-MCPD, hazards, detection, validation, standartisation,
plant oils.

Introduction. Formulation of the problem

That is why their content is strictly regulated and must

Esters of 2,3-monochloropropane-1,2-diol

be controlled both in raw materials and in final

(3- products based on them [3-4].

MCPDE) and glycidol (GE) remain one of the most
pressing food safety problems, therefore a thorough
study of their structure, formation mechanisms, and
control methods is an urgent issue [1-4].

MCPDs and GE are fat-soluble toxic substances
that can be formed in vegetable oils during their
manufacture and processing. Chloropropanols are by-
products formed as a result of the acid hydrolysis of
glycerol of lipids at elevated temperatures, during
production or storage and during the deodorization
process of edible oils. As a rule, MCPDs and GE are
formed as a result of high-temperature exposure to fats,
they have carcinogenic, genotoxic, nephrotoxic and
other types of negative effects on the human body.
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During industrial fat processing, MCPDEs and
GE can be formed during the deodorization process,
which is a necessary step in the production of refined
oils, to remove undesirable taste, color, or odor. The
highest concentrations of 3-MCPDE and GE are
usually found in refined palm oil and palm olein oil,
but they are also found in other refined vegetable oils
(such as safflower, coconut, sunflower, and soybean
oils). Karel Hrncirik et al. has been studied the impact
of refining conditions of palm and rapeseed oils on 3-
MCPDE and GE accumulation [2]. The experiments

Volume 18 Issue 3/2024


https://lifesafety.ontu.edu.ua/
mailto:antoninakapustan@gmail.com
http://creativecommons.org/licenses/by/4.0
https://onlinelibrary.wiley.com/authored-by/Hrncirik/Karel

TexHonozis i 6eanexa npodykmie xap4yearHs / Technology and safety of food products

showed that 3-MCPD esters and glycidyl esters were
formed during the deodorization of palm oil, but not
rapeseed oil. The level of 3-MCPD esters in the refined
palm oils (3.5-4.9 mg/kg) was independent of the
deodorization conditions. No correlation was found
between the level of 3-MCPD esters formed and the
content of the potential precursors, partial
acylglycerols and chlorides. In contrast, the formation
of glycidyl esters was affected by the deodorization
conditions (both temperature and residence time).
Higher levels of glycidyl esters (up to 3.8 mg/kg) were
found in palm oil deodorized at temperatures above
230°C [2].

Glycidol esters are considered potential
precursors of MCPD esters, and in the human body
they break down into glycidol and fatty acids.
Therefore, all these structurally different substances are
classified as one group of toxic pollutants. The LDsq
value for 3-MCPD varies according to different studies
from 170 ng/kg to 290 pg/kg. In rodent studies, 3-
MCPD caused adverse effects on the kidneys and male
reproductive organs, and both 3-MCPD and glycidol
cause cancer[1].

The first reports on the toxicity of 3-MCPD
were published more than 20 years ago, and their
content in certain types of products is also controlled
under European legislation. However, over time, the
permissible daily intake of these contaminants has
been reassessed and changed. New maximum
permissible limits for their content are being
introduced and the list of foods in which they are
controlled is being expanded [5-8].

In 2020, Commission Regulation (EU) 2020/1322
amended Regulation (EC) No 1881/2006 as regards
maximum levels of 3-monochloropropanediol (3-
MCPD), 3-MCPD fatty acid esters and glycidyl fatty
acid esters in certain foodstuffs, including edible fats
and oils. The acceptable daily intake of 3-MCPD is 2
png/kg body weight and has not been generally
exceeded for adults, but the ADI has been observed to
be exceeded for younger age groups, especially infants
fed exclusively with formula. This has led to a change
towards stricter control of these contaminants in
foodstuffs intended for infants and children under three
years of age [9-10].

According to the regulation, the content of
3-MCPD in vegetable protein hydrolysates and soy
sauce should not exceed 20 pg/kg; in vegetable oils
and fats, fish oil and oils of other marine organisms
placed on the market for the final consumer or for use
as an ingredient in foodstuffs, with the exception of
foodstuffs specified in the following paragraph and
virgin olive oils — no more than 1000 pg/kg; in
vegetable oils and fats, fish oil and oils of other marine
organisms intended for the production of baby food
and processed cereal-based products for infants and
young children — no more than 500 pg/kg; in infant
formulae (starter) and follow-on formulae, as well as
foodstuffs for special medical purposes intended for
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infants and young children (sold in powder form) - no
more than 50 pg/kg [11-12].

FDA is also working with industry to share
information about the health effects of 3-MCPD and GE
and the availability of mitigation methods for refined
cooking oils and infant formulas to help reduce levels of
these contaminants. In addition, the Codex Alimentarius
Commission, in which FDA participates, has developed
guidance for industry to reduce 3-MCPD and GE in
refined cooking oils and foods. As chair of the Codex
working group, the FDA helped develop a description of
agricultural, sunflower processing, post-refining and
processing measures that industry can use to reduce
levels of 3-MCPD and GE in refined oils and foods
made from refined oils [13-18].

For the reduction of 3-monochloro-1,2-
propanediol fatty acid esters (3-MCPD esters) and
related compounds in edible fats and oils three
different strategies are conceivable: removal of critical
reactants from the raw material, changing of the
refining process or removal of formed 3-MCPD esters
and related compounds from the refined product [13].
Bertrand Matthédus et al. have been shown that different
raw materials have different capabilities to form 3-
MCPD esters and related compounds, whereas palm
oil, but also corn oil or coconut oil possess the highest
potential for the formation. Washing of the raw
material before the refining process with water or
ethanol (75%) reduced the capability for the formation
of 3-MCPD esters and related compounds in palm oil
for about 20 and 25% respectively. Chloride and DAGs
seem to be important precursors for the formation of 3-
MCPD esters and related compounds. A hypothesis
was defined that a content of 4% DAGs could be a
threshold for a higher potential of the raw material for
the formation of the esters. Using acid solutions
(formic acid) instead of water for the generation of
strip steam during deodorization resulted in a reduction
of the formation of glycidyl esters for about 35% [13].

Nowadays, the method based on determining the
derivative of this compound by using gas
chromatography and mass spectrometry is widely used.
However, there is still a big need for developing new
methods that would produce repeatable results [1].

In the study [11] the 3-MCPD and glycidol levels
in 9 types (46 brands) of edible fat and oils were
determined by making some modifications to the DGF
C VI 18 (10) (GC/MS) method. The highest levels of 3-
MCPD and glycidol levels were detected in hazelnut
oils, riviera olive oils, margarines, and shortenings. As
expected, these contaminants were not observed in
extra-virgin olive oils, while they were detected at low
levels in fish oils. The highest 3-MCPD levels were
found in the range of 0.06-2.12 mg-kg™ in hazelnut oil,
0.16-1.69 mg-kg™ in riviera olive oils, and 0.17-1.17
mg-kg™ in margarines. The highest glycidol levels were
found in the shortenings in the range of 1.98-
6.46 mg-kg’, followed by hazelnut oil (0.54-
2.63 mg-kg™) and riviera olive oil (0.19-3.53 mg-kg™).
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In the study [16] the determine 3-MCPD in
consumed edible oils (palm, palm olein, extra virgin
olive, corn, sunflower, soybean, olive pomace) and
blend of 5% sunflower oil with extra virgin olive oil was
done using selective and sensitive gas chromatography
tandem triple quadrupole mass spectrometry (GC-
MS/MS) with employing deuterated 3-MCPD (3-
MCPD-d5) as internal standard during the entire
analytical procedure to obtain precise and accurate
results. The occurrence and variation of 3-MCPD
contents among the studied oils were found in different
levels ranged from 93.1 pg/kg to 5634.1 ng/kg oil
samples, with maximum value assigned for palm oil
(5634.1 pg/kg) followed by palm olein (5576.8 pg/kg),
corn oil (2447 ng/kg), sunflower oil (1817.3 pg/kg),
soybean oil (1486.1 pg/kg), olive pomace oil (572.5
pg/ke), blend of 5% sunflower oil with extra virgin olive
oil (210 pg/kg) and extra virgin olive oil (93.1 pg/kg).
Palm, palm olein, corn, sunflower and soybean oils were
found out of the Ilimits recommended by the
Commission Regulation (EU) 2020/1322, whereas, extra
virgin olive oil, olive pomace oil and blend of 5%
sunflower oil with extra virgin olive oil were in
compliance and within the limits recommended
by EU [16].

Nur Aainaa Syahirah Ramli et al. have been
developed the modification of AOCS Official Method
Cd 29a-13 to suit the nature of fatty acids, method
validation, and quantification of 2-MCPDE, 3-MCPDE
and GE in commercial fatty acids [19]. The sample
preparation step was modified during the extraction of
2-MCPDE, 3-MCPDE, and 3-MBPDE from the
aqueous phase, through the addition of tetrahydrofuran
to facilitate the extraction process. It was founded that
the calibration curves for 2-MCPDE, 3-MCPDE and GE
showed good linearity with coefficient of correlation
(R?) >0.999. The attained limit of detection (LOD) was
0.02, 0.01 and 0.03 mg/kg ™" for 2-MCPDE, 3-MCPDE,
and GE, respectively. Recovery, repeatability and
intermediate precision were then evaluated using spiked
fatty acids at three levels of 2-MCPDE, 3-MCPDE, and
GE. Satisfactory recoveries were achieved, ranging from
100.6 to 108.4%, 96.8-100.9%, and 99.5-103.0% for 2-
MCPDE, 3-MCPDE, and GE, respectively.
Repeatability and intermediate precision (expressed as
relative standard deviation) were less than 9%, 7%, and
6% for 2-MCPDE, 3-MCPDE, and GE, respectively.
Analyses conducted on various commercial fatty acids
from oleochemical plants showed that 2-MCPDE, 3-
MCPDE and GE were lesser than the LOD of the
respective compounds [19].

Some improvements for simultaneous
determination 2-MCPDE, 3-MCPDE and GE were
established in the study [20] using GC-MS/MS method.
GE were converted into 3-monobromopropanediol
monoesters (3-MBPDE) through bromination, then, 3-
MBPDE, 2-MCPDE and 3-MCPDE were converted into
their free forms through acid catalysis. The three target
analytes were purified by matrix solid phase dispersion

XapuoBa Hayka i Texrosorist / Food science and technology

extraction and then derivatized with
heptafluorobutyrylimidazole. The derivatives were
detected by GC-MS/MS, and key parameters including
NaBr concentration, bromination time and temperature,
and transesterification time were optimized. Finally the
new procedure was fully validated. The limits of
detection for 3-MCPDE, 2-MCPDE and GE in
vegetable oil were 2.0, 5.0, and 10 pg/kg, respectively.
The average recoveries ranged from 85.4% to 110%
with relative standard deviation of 1.3-7.4% when the
spiked levels varied from 0.05 to 1.0 mg/kg [20].

Scientific research allows to improve methods for
determining the content of 2-MCPDE, 3-MCPDE and
GE. To determine the content of MCPDEs in vegetable
oils, independent accredited testing laboratories usually
use standardized methods from the 1SO series. One of
the earliest and most widely used methods for the
determination of MCPDEs, which was adopted by the
international organization for standardization, is the 1ISO
18363-1:2015 method “Animal and vegetable fats and
oils - Determination of  fatty-acid-bound
chloropropanediols (MCPDs) and glycidol by GC/MS.
Part 1: Method using fast alkaline transesterification and
measurement for 3-MCPD and differential measurement
for glycidol”. 1SO 18363-1:2015 describes a procedure
for the indirect determination of 3-MCPD esters (bound
3-MCPD) and possible free 3-MCPD after alkaline
catalysed ester cleavage and derivatization with
phenylboronic acid (PBA). Furthermore, this part of ISO
18363 enables the indirect determination of glycidyl
esters (bound glycidol) under the assumption that no
other substances are present that react at room
temperature with inorganic chloride to generate 3-
MCPD.

Method ISO 18363-4:2021 “Animal and vegetable
fats and oils — Determination of fatty-acid-bound
chloropropanediols (MCPDs) and glycidol by GC/MS.
Part 4: Method using fast alkaline transesterification and
measurement for 2-MCPD, 3-MCPD and glycidol by
GC-MS/MS, skuit 3a0e3meuye TOYHE KUIbKiCHE
BusHauenHs, 2- MCPD ra rinunosny” specifies a rapid
procedure for the simultaneous determination of 2-
MCPD esters (bound 2-MCPD), 3-MCPD esters (bound
3-MCPD) and glycidyl esters (bound glycidol) in a
single assay, based on alkaline catalysed ester cleavage
and derivatization of cleaved (free) analytes with
phenylboronic acid (PBA) prior to GC-MS/MS analysis.
Glycidyl ester overestimation is corrected by addition of
an isotopic labelled ester bound 3-MCPD which allows
the quantification of 3-MCPD induced glycidol during
the procedure. This method is applicable to solid and
liquid fats and oils. This document also applies to animal
fats and used frying oils and fats, but these matrices
were not included in the validation.

ISO 18363-3:2024 “Animal and vegetable fats and
oils - Determination of  fatty-acid-bound
chloropropanediols (MCPDs) and glycidol by GC/MS.
Part 3: Method using acid transesterification and
measurement for 2-MCPD, 3-MCPD and glycidol”
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specifies a procedure for the simultaneous determination
of 2-MCPD esters (bound 2-MCPD), 3-MCPD esters
(bound 3-MCPD) and glycidyl esters (bound glycidol)
in a single assay, based on acid catalysed ester cleavage
and derivatization of cleaved (free) analytes with
phenylboronic acid (PBA) prior to GC/MS analysis.

The purpose of the work is to validate the method
ISO 18363-1:2015 “Animal and vegetable fats and oils —
Determination of fatty-acid-bound chloropropanediols
(MCPDs) and glycidol by GC/MS. Part 1: Method using
fast alkaline transesterification and measurement for 3-
MCPD and differential measurement for glycidol” on an
Agilent 8890B gas chromatograph under the conditions
of Kotekna Ukraine Limited LLC.

Research objectives: to determine the limits of
detection (LOD) and quantification (LOQ) of MCPDs;
to prove the linearity of the method; to assess the
precision of measurements; to provide an estimate of the
extraction and bias coefficients; to calculate the

bound chloropropanediols (MCPDs) and glycidol by
GC/MS Part 1. Method using fast alkaline
transesterification and measurement for 3-MCPD and
differential measurement for glycidol»

The study was conducted using an Agilent 8890B
gas chromatograph  (Single quadrupole  mass
spectrometer: Agilent 5977B; Gerstel Mps Dual Head
automatic sample preparation system). The analytical
equipment used in the validation was verified and
calibrated. The study was conducted in the testing
laboratory of Kotekna Ukraine Limited LLC.

General metrological requirements for the method
of analysis according to Commission Regulation No.
333/2007 “Establishing methods of sampling and
analysis for the control of levels of trace elements and
technological contaminants in foodstuffs" are presented
in Table 1. Table 2 presents the data of Annex ISO
18363-1:2015 regarding metrological characteristics for
a sunflower oil sample.

expanded uncertainty Statistical data processing was carried out according to

ISO 16269 “Statistical interpretation of data” Part 4.

Research materials and methods Detection and treatment of outliers; Part 6; Determination of

statistical tolerance intervals; Part 7: Median — Estimation

Validation object 1SO 18363-1:2015 «Animal and 544 confidence intervals.

vegetable fats and oils - Determination of fatty-acid-

Table 1 — General metrological requirements for the analysis method

Parameter Methodology suitability criterion

In the working concentration range, the linear dependence of the analyte response on its
concentration should be observed. The correlation coefficient R can be > 0.98

The relative standard deviation RSD of the results of the analysis of the same sample,
performed under the same conditions by the same analysts, should not exceed the RSDs
calculated according to the Hurwitz equation for a given concentration level and
multiplied by a factor of 0.66:

for the level <100 ug/kg RSD 14.5%;

for the level 100-750 pg/kg RSD < 14.5-11.0%;

for the level 750-1500 pg/kg RSD < 11.0-9.9%.

The relative standard deviation RSDR of the results of the analysis of the same sample,
performed under the same conditions by different analysts, should not exceed the RSDR
calculated by the Hurwitz equation for a given concentration level:

for the level <100 pg/kg = RSDR 22%

for the level 100-750 pg/kg RSDR 22-16.7%;

for the level 750-1500 pg/kg = RSDR 16.7-15.05%.

The values of the recovery coefficients (Recovery, %) should be in the ranges: 70-125%

LOQ< 100 pg/kg

The expanded uncertainty (U) should be calculated using a coverage factor of 2 and a
confidence interval of 95%.

The method must distinguish between the analyte and other substances under the
experimental conditions. The minimum acceptable retention time for the analyte of
interest is twice the retention time corresponding to the void volume of the column.

Linearity

Precision (repeatability)

Precision
(reproducibility)

Accuracy (trueness)
Limit of quantitation

(LOQ)

Expanded uncertainty

Selectivity

Table 2 — Metrological characteristics for sunflower oil samples (ISO 18363-1:2015).

Indicators Sample A Sample B
Average value of samples, X (mg/kg) 1.07 0.62
Standard deviation of repeatability S, (mg/kg) 0.09 0.04
Relative standard deviation of repeatability RSD, (%) 8.1 5.7
Repeatability, (mg/kg) 0.24 0.10
Standard deviation of reproducibility, SR (mg/kg) 0.21 0.18
Relative standard deviation of reproducibility, RSD, (%) 20.0 28.8
Reproducibility, R (mg/kg) 0.6 0.5
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Results of the research and their discussion

Results of measurement and calculation of
acceptance criteria. The limits of detection and
quantification were calculated under the conditions of
intermediate precision of 1SO 16269-4:2010. For this,
samples with a content of 3-MCPD/2-MCPD/Glycidol
at a level of 100/100/65 pg/kg, respectively, were
analyzed for 10 days. The calculation of the limits of
detection and quantification was carried out in
accordance with 1SO 16269-4:2010 using formulas 1,2.
To analyze the input data for the presence of "outliers",
the Grubbs criterion was used, respectively. The results
of the calculations are presented in Table 3.

LOD = 3-SD (1)

LOQ = 10-SD 2)

where SD is the standard deviation calculated

based on the results obtained within 10 days of analysis

of samples with a 3-MCPD/2-MCPD/Glycidol content
of 100/100/65 pg/kg.

To confirm the linear relationship between
concentration and signal, calibration curves were
constructed for 5 concentration levels. When checking
linearity, the R? approximation coefficient was used,
and the linear and quadratic approximations were
compared using Fisher's exact test. Therefore, the
obtained calibration curves are linear over the entire
working concentration range for all analytes (Table 4).

Therefore, the obtained values of the detection
and quantification limits for all samples meet the
requirements presented in Table 1.

Evaluation of measurement precision. Intra-
laboratory repeatability and reproducibility were
assessed under intermediate precision conditions. For
this, samples containing 3-MCPD/2-MCPD/Glycidol at

levels of 750/750/488 ng/kg and 1500/1500/975 pg/kg,
respectively, were analyzed over a period of 10 days.
The standard deviation (SD, and SDg), relative
standard deviation (RSD, and RSDg), repeatability (r)
and reproducibility (R) were calculated using formula
3-8, respectively. The Grubbs criterion was used to
analyze the input data for the presence of “outliers”.

o2 _Z:{ X, - X; _] 1

2N ey ¢

SD, = = :
i (3)
4)
®)
(6)
RSD, = s% -100% U
R=2.8-SD, ®)

where ¥ — average value, X j— average value of
the j-th series, Xi j i-th value j-th series, n — total

amount of data.

The results of the calculations are presented in
Tables 5, 6. Therefore, the obtained precision values
for all samples meet the requirements presented in
Table 1.

Table 3 — Results of determination of the limit of detection (LOD) and quantification (LOQ) of 3-MCPD/2-
MCPD/Glycidol in refined sunflower oil samples

Analyte n m X, pg/kg SD, pg/kg LOD, pg/kg LOQ, pg/kg

3-MCPD 6 0 107.4 4.24 13 42

2-MCPD 6 0 96.0 6.11 18 61

Glycidol 6 0 56.7 2.55 8 26

n —number of input data; m — number of “outliers” X — mean value, SD — standard deviation
Table 4 — Determination of linearity of the method

Analyte Linear range, ng/ml Equation of a line R F Feo Conclusion
3-MCPD 10-500 A=806.7C+11954 0.9978 1.11 9.55 Acceptable
2-MCPD 10-500 A=1218C-1645 0.9949 1.78 9.55 Acceptable
Glycidol 10-500 A=447C+3957 0.9992 2.04 9.55 Acceptable

Table 5 — Results of calculation of precision parameters for determination of 3-MCPD/2-MCPD/Glycidol at
the level of 750/750/488 pg/kg in samples of refined sunflower oil

Analyte . X, SD, | RSD, SDr, | RSDm, N
Sample n jo|m ug/ke ugke % r, ng/kg ug/ke % R, ng/kg
3-MCPD Refined 10 6 0 776.3 155 2.0% 43.4 22.3 2.9% 62.5
2-MCPD sunflower oil 10 6 0 723.6 25.1 3.5% 70.2 35.4 4.9% 99.2
Glycidol 10 6 0 492.5 41.2 5.1% 115.5 32.1 6.5% 89.8
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Table 6 — Results of calculation of precision parameters for determination of 3-MCPD/2-
MCPD/Glycidol at the level of 1500/1500/975 pg/kg in samples of refined sunflower oil

Analyte Sample ol lm X, SD,, RSD,, r, SDg, RSDg, R,
ng/kg ng/kg % ng/kg ng/kg % ng/kg
3-MCPD Refined 10[6]0 [ 14917 20.0 1.3% 56.0 20.8 1.4% 58.1
2-MCPD sunflower ol |10 | 60 | 13512 50.1 3.7% | 140.2 485 3.6% 135.8
Glycidol 1060 964.0 70.7 52% | 197.9 58.8 6.1% 164.7

*n — number of input data; m — number of “outliers”; j — number of data series; X — average value; SD, — standard deviation of
repeatability; RSD, — relative standard deviation of repeatability; r — repeatability; SDr — standard deviation of reproducibility; RSDg — relative

standard deviation of reproducibility; R — reproducibility.

Estimation of the extraction and displacement
coefficient. The estimation of the extraction coefficient
(Recovery) and the relative shift (bias(%)) was carried out
under conditions of intermediate precision. For this
purpose, samples containing 3-MCPD/2-MCPD/Glycidol
at levels of 100/100/65 pg/kg, 750/750/488 pg/kg and
1500/1500/975 pg/kg were analyzed for 10 days. The
recovery coefficient (Recovery) and bias (%) were
calculated using formulas (9-10). The Grubbs criterion
was used to analyze the input data for the presence of
“outliers”.

©)

Recovery = -100%

spike

X - X

bias(96) = = (10)

spike
spike
where X - average value of the analyte found;
xspike —amount of added analyte.

The results of the calculations are presented in
Tables 7, 8. Therefore, the obtained values of the

extraction coefficient and relative displacement for all
samples meet the requirements presented in Table 1.
Uncertainty of the method. The expanded
uncertainty estimation method was performed under
intermediate precision conditions. To calculate the
expanded uncertainty, data were used at low (100/100/65

ng/kg), medium (750/750/488 pg/kg) and high
(1500/1500/975  ng/kg) levels of 3-MCPD/2-
MCPD/Glycidol additives in refined sunflower oil

samples. The Grubbs criterion was used to analyze the
input data for the presence of “outliers”. The calculation
of the expanded uncertainty was performed using
formula 11.

U =k-RSD? +bias(%)’,% (1)

where k is the coverage coefficient, RSDg is the

relative standard deviation of reproducibility, bias (%)
is the relative bias.

The calculations are presented in Tables 9 and 10.
Therefore, the obtained values for the expanded
uncertainty for all samples meet the requirements
presented in Table 1.

Table 7 — Results of calculation of the recovery coefficient for the determination of 3-MCPD/2-
MCPD/Glycidol in refined sunflower oil samples

Analyte Sample Recoveryiow ievels %0* Recoverymiddie lever, %0** | RECOVEIYhigh tevel, 0***
3-MCPD Refined 107 104 99
2-MCPD sunflower oil 96 96 90
Glycidol 87 101 99

Table 8 — Results of calculation of relative shift (bias(%)) for determination of 3-MCPD/2-
MCPD/Glycidol in refined sunflower oil samples

Analyte Sample biaSow tevety %0* biaSmigdte fevet, 20** biashigh levet, %07**
3-MCPD Refined 7 4 -1
2-MCPD sunflower oil 4 4 -10
Glycidol -13 1 -1

*biasiow level — €Xtraction coefficient values for 3-MCPD/2-MCPD/Glycidol at 100/100/65 pg/kg
**Piasmiadle level — EXtraction coefficient values for 3-MCPD/2-MCPD/Glycidol at 750/750/488 ng/kg
**hiasnign evel — eXtraction coefficient values for 3-MCPD/2-MCPD/Glycidol at 1500/1500/975 pg/kg.

Table 9 — Results of calculation of expanded uncertainty (U) for determination of 3-MCPD/2-
MCPD/Glycidol in refined sunflower oil samples (at k — 2)

Analyte Sample Ulow level, %™ Uniddle levet, 0** Unhigh tevet, 20***
3-MCPD .y 17 9 3
2-MCPD sunfl(?v?/elpgil 15 12 21
Glycidol 27 13 12

*Ulow level — €Xtraction coefficient values for 3-MCPD/2-MCPD/Glycidol at 100/100/65 pg/kg
**Unmiddie level — €Xtraction coefficient values for 3-MCPD/2-MCPD/Glycidol at 750/750/488 pg/kg
**Unigh 1evel — €Xtraction coefficient values for 3-MCPD/2-MCPD/Glycidol at 1500/1500/975 pg/kg.
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Table 10 — Relative contribution to the expanded uncertainty of the parameters RSD, and bias(%o) in
the determination of 3-MCPD2-MCPD/Glycidol in refined sunflower oil samples (at k — 2)

Analyte Sample Low level Middle level High level
RSDg,% bias(%) RSDg,% bias(%) RSDg,% bias(%)
3-MCPD Refined 22 78 40 60 86 14
2-MCPD sunflower oil 72 28 66 34 12 88
Glycidol 11 89 98 2 97 3
Conclusion chloropropanediols (MCPDs) and glycidol by GC/MS.

Part 1: Method using fast alkaline transesterification
and measurement for 3-MCPD and differential
measurement for glycidol” on an Agilent 8890B gas
chromatograph can help implement this method in
various testing centers. It has been determined the
limits of detection (LOD) and quantification (LOQ) of
MCPDs, proved the linearity of the method; assessed
the precision of measurements, provided an estimate of
the extraction and bias coefficients, calculated the
expanded uncertainty. This study may contribute to the
correct determination of the content of MCPDs and
glycidol in vegetable oils.

Considering the harmful effects of MCPDs and
glycidol on the human body, market operators of the
production of refined vegetable oils should pay
considerable attention to the control of these
substances in the oil production process and in the final
product. Not all enterprises have equipment in their
production laboratories to determine the content of
MCPDs and glycidol, so they usually use the services
of independent accredited testing laboratories.

The validation study conducted in this work of
the method 1SO 18363-1:2015 “Animal and vegetable
fats and oils — Determination of fatty-acid-bound
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'Kadenpa xapuoBoi XiMix, eKCIIepTH3H Ta GiOTEXHOIOTii

2 Kadenpa 6e3nexn KUTTEISUIEHOCTI Ta TH3alHy

OnechKuii HalliOHATBHUI TEXHOJIOTIYHUHN yHiBepcuTeT, Byl KanatHa, 112, M. Oneca, 65039, Ykpaina

Amnoranisi. Ha croronuinmHiit nens cxnanHi edipu 3-mMoHoxnopnponasn-1,2-giony (3-MCPD-E) ta rniuunony (GE)
3IMINAIOTECS OJHIEI0 3 HAMaKTyalbHIIMX HpoOiieM Oe3leky XapdoBoi MPOAYKIil, TOMY JOCKOHAJe BHBYEHHS IXHBOI
CTPYKTYpPH, MEXaHI3MiB YTBOPEHHs Ta METOJIB KOHTPOJOBAaHHs € HarajapHuM nurtanHsM. 3-MCPD Tta GE — xupopo3umnnHi
TOKCHYHI PEYOBHHH, SIKi MOXXYTh yTBOPIOBAaTUCh B POCIMHHUX OJIISIX y MpOIECi IXHBOTO BHTOTOBJIECHHS Ta IEPEPOOKH.
XnoprnponaHonu — MOOIYHI MPOAYKTH, IO YTBOPIOIOTHCS BHACHIAOK KHCJIOTHOTO TiApONi3y TIIIEPHHY JMMiTiB MpH
MiABHIIEHI Temrmeparypi, i yac BUpoOHHUITBa abo 30epiraHHs Ta B MpOIIECi Ae3010pamii XxapyoBux ofii. Sk mpaBuio, 3-
MCPD ta GE yrBOprooThcsi B pe3yibTaTi BHCOKOTEMIIEPATYPHOTO BIUIMBY Ha JKHPH, BOHU MAalOTh KaHIIEPOTCHHY,
TeHOTOKCHYHY, HE(POTOKCHYHY Ti iHINI BHAM HEraTMBHUX Iiifi Ha opraiaM moxuHu. Came ToMy iXHiff BMICT CyBOpO
PETJIaMEHTYETHCSI Ta TOBUHEH KOHTPONIOBATHUCS SK B CHPOBHHI, TakK i B KiHIeBil mpoaykuii Ha ii ocHOBI. [IpsMe BH3HaueHHS
IIUI0I0BUX edipiB Ta edipi xupHuX Kuciot 3-MCPD npoBomutbes metogom BEPX/MC/MC, ane 1ieli MeTo] CKIIaHHi
JUISL TIPaKTUYHOTO BHKOPHCTAHHS BHACIIJOK BENMKOi KiJBKOCTI KOMIIOHEHTIB, IO BH3HayaoThcsi (84), Ta BigcyTHOCTI
AHATUYHUX CTaHAApTiB. HaifOinpin momupeHnMy € HEenpsiMi METOAN KOHTPOJIO — KOJHM BiAOYBAETHCS PEeakLis pO3KIaJaHHS
Bcix edipiB rminumony Ta 3-MCPD mo BigmoBigHO HpOCTO TINIUAONY Ta 3-MOHOXJIOpONpomaHaiony. Metoro poboTH €
Bamigaiis meroxy SO 18363-1:2015 «Kupu Ta omii TBapUHHOTO Ta POCIMHHOTO MOXOKEHHsS. BH3HAUEHHS 3B'I3aHUX
XKUPHUMHU KucioTamu xnopnponadgionis (MCPD) ta rnimmmony meromom I'X/MC. Yactuna 1. Metox i3 BUKOpHUCTaHHSIM
mBHAKOT JTyxHOI nepeerepudikanii Ta BumiproBanHs it 3-MCPD Tta nudepeHiiaabHOro BUMiprOBaHHS Ul TIIIHAONY» Ha
razoBomy xpomarorpadi Agilent 8890B. B ymosax TOB «Kotekna Ykpaina Jlimiten». Buznaueno mexi Businenns (LOD) Ta
kisbkicHoro BusHauyenHs (LOQ) MCPDs, noBeneHO JiHiMHICTD METOIy; OIIHMB TOYHICTh BHUMIPIOBaHb, HalaB OILIHKY
Koe(illieHTIB BHJIyYeHHS Ta 3MILICHHs, pO3paxyBaB pO3IIMPEHY HEBHU3HA4YeHICTh. lle mocCHimkeHHS MOXe CIpHUSITH
KopekTHOMY Bu3HaueHHI0 BMicTy MCPD Ta riminmgony B poCIMHHUX OisIX.

Kaouogi cioBa: 3-MCPD, nebe3neuHi ¢pakTopu, BUSBICHHS, BaJIiIallisl, CTAHAAPTU3ALIS, POCIHHHI OJii.
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