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Abstract The availability of a reliable methodology for
the quantification of fatty acid esters of monochloropropro-
panediol (MCPD) and glycidol is essential for understanding
the mechanism of formation of these process contaminants
and for developing effective mitigation strategies. While
several analytical methods for the determination of MCPD
esters have already been developed and evaluated, only very
few procedures are currently available for the analysis of
glycidyl esters. This work presents a new indirect method
for the simultaneous quantification of fatty acid esters of
2-MCPD, 3-MCPD and glycidol. The method is based on the
acid-catalyzed conversion of glycidyl esters into 3-monob-
romopropanediol (3-MBPD) monoesters which, owing to
the structural similarity to MCPD esters, are quantified by
using the procedure we previously optimized for the analysis
of MCPD esters. The critical step of the method, which is the
conversion of glycidyl esters, was optimized by testing
different reagent concentrations and varying other condition
settings. The novel method showed good repeatability
(RSD <2.5 %) and between-day reproducibility (RSD
<5 %). The limit of detection was 0.04 mg/kg for bound
2-MCPD and 3-MCPD and 0.06 mg/kg for bound glycidol.
The trueness of the method was evaluated by the analysis
of spiked samples and by interlaboratory comparison.
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Introduction

Monochloropropane-1,2-diol (MCPD) and its esters are
food borne contaminants, mainly formed during high
temperature processing of fat-containing matrices (e.g.,
refining of vegetable oils). First detected in hydrolyzed
vegetable proteins in 1980 [1], 3-MCPD esters (also
referred to as bound 3-MCPD) became a cause for concern
in 2004, when their occurrence in various types of pro-
cessed food was reported [2]. The toxicological signifi-
cance of this class of compounds is still under evaluation,
although free 3-MCPD has been defined as threshold non-
genotoxic carcinogen as early as in 2001 [3].

Fatty acid esters of glycidol (referred to as bound
glycidol) are formed under similar conditions; but their
presence in some refined oils has been hypothesized more
recently [4] and confirmed only in 2010 [5]. From a toxi-
cological point of view, glycidyl esters represent an even
greater cause of concern, because of their potential to
release glycidol—a genotoxic carcinogen, whose effects
have been shown in animal studies [6].

Since refined oils and fats are part of a wide variety of
food formulations, there is a great interest in understanding
the mechanism of formation of these two classes of com-
pounds and, consequently, in developing effective strate-
gies for their mitigation. Nevertheless, when one of the first
industrial studies on large-scale oil refining [7] was carried
out, it became immediately clear that the availability of
reliable methods of analysis was the essential prerequisite
to gain more understanding on the subject.

A number of analytical methods for the determination
3-MCPD esters have been developed [8—10]. Due to several
ad hoc studies and interlaboratory comparisons [11-14]
carried out in the last 2 years, it has become possible to
identify a few reliable procedures. On the other hand, the
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development of the analytical methodology for the quan-
tification of glycidyl esters is currently lagging behind, as
up to now, only three quantitative [10, 15, 16] and one
semi-quantitative [17] methods have been published. These
methods involve either the conversion of all glycidyl esters
into a single common derivative, 3-monobromopropane-
1,2-diol (3-MBPD) [10] or 3-MCPD [17], that is then
quantified (indirect methods), or the determination of all
the esters individually (direct methods) [15, 16].

Direct methods of analysis offer the major advantage of
providing information on the ester composition, but at the
same time, their major drawbacks are associated with the
quantification of a large number of individual species.
Indirect methods seem to be better suited for routine
analysis because of their higher sensitivity and the need of
just a single standard for the quantification. All indirect
methods for glycidyl ester analysis developed so far
involve a first step of alkaline transesterification, in which
all fatty acid esters are cleaved, followed by the conversion
of the free glycidol into a halogenated derivative. As it is
well known that in alkaline media glycidol can be formed
ex-novo [4], the accuracy of these methods greatly depends
on the effective suppression of this undesirable side
reaction.

The aim of this work was to develop an indirect method
for the simultaneous determination of 2-MCPD, 3-MCPD
and glycidyl esters in oils/fats. In order to allow the
simultaneous quantification of these three classes of com-
pounds, the standard procedure already successfully applied
to the analysis of MCPD esters [18] was modified by the
introduction of a pre-treatment step, which enables the
conversion of glycidyl esters into 3-MBPD monoesters.
The presented method is based on acid transesterification,
which prevents the potential risk of glycidol formation
during sample preparation [12], thus positively affecting the
trueness and robustness of the method.

Materials and Methods
Reagents and Chemicals

Standards 1,2-Dipalmitoyl-3-chloropropane (PP-3-MCPD,
purity 97.6 %) and deuterated 1,2-dipalmitoyl-3-chlor-
opropane (PP-3-MCPD-d5, purity 97.7 %) were synthe-
sized according to Kraft et al. [19] and purified on silica
gel column. 2-Chloro-1,3-propanediol (2-MCPD, purity
>98 %) was purchased from Santa Cruz Biotechnology
Inc. (Santa Cruz, CA), glycidyl palmitate (Gly-P, purity
>98 %) from Wako Chemicals GmbH (Neuss, Germany)
and deuterated glycidyl oleate (Gly-O-d5, purity >98 %)
from Toronto Research Chemicals Inc. (North York, ON,
Canada).
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Other chemicals and reagents Sodium sulfate (purity
>99.0 %) and silica gel (60 mesh) were purchased from
Merck (Darmstadt, Germany), sodium bromide (NaBr,
purity >99.5 %) and phenylboronic acid (PBA, purity
>97 %) from Sigma-Aldrich (Bellefonte, PA, USA), sul-
furic acid (=95 %) from Fluka (Buchs, Switzerland) and
sodium hydrogen carbonate (purity 99.5 %) from VWR
Intl. (West Chester, PA, USA). All solvents used were of
analytical grade.

Samples

Crude palm oil and extra virgin olive oil (MCPD and
glycidyl esters not detected) and fully refined oil samples
(containing significant levels of 3-MCPD and glycidyl
esters) were obtained from different suppliers. Spiked
samples were prepared by addition of a standard solution of
3-MCPD dipalmitate (PP-3-MCPD) and glycidyl palmitate
(Gly-P) to a sample of extra virgin olive oil. Oil samples
used for interlaboratory comparison (various origin and
composition) were kindly provided by Dr. Kuhlmann (SGS
laboratory, Hamburg, Germany).

Method

Sample Preparation (Standard Procedure, Always
Adopted Unless Otherwise Specified)

Sample pre-treatment First, 100-110 mg of oil was
weighed in a glass tube and dissolved in 2 mL of tetra-
hydrofuran (see “Reagent Concentration” for recommen-
dations concerning solvent purity). 50 pL of internal
standard solution (Gly-O-d5, 51.4 pg/mL and PP-3-
MCPD-d5, 39 pg/mL in toluene) was added to the sample
and mixed. 30 pL of acid aqueous solution of NaBr (3 mg/
mL, H,SO4 5 % v/v) was added to the sample, homoge-
nized and the mixture was incubated at 50 °C for 15 min.
The reaction was stopped by the addition of 3 mL of an
aqueous solution of sodium hydrogencarbonate (0.6 %,
w/v). To separate the oil from the water phase, 2 mL of n-
heptane was added and the samples vigorously mixed
(vortex, 15 s). After spontaneous separation of the phases
(some samples may require centrifugation to achieve a
clear phase separation), the upper layer was transferred to
an empty test tube and evaporated to dryness under a
nitrogen stream (approx. 15 min at 35-40 °C). The residue
was dissolved in 1 mL of tetrahydrofuran.

Cleavage of the fatty acid esters and derivatization of
the analytes [18]. First, 1.8 mL of sulfuric acid solution in
methanol (1.8 %, v/v) was added to the sample and the
mixture was incubated at 40 °C for 16 h. The reaction was
stopped by the addition of 0.5 mL sodium hydrogencar-
bonate solution (saturated, aqueous) and the organic
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solvents were evaporated under a nitrogen stream. Fatty
acid methyl esters were separated from the sample by the
addition of 2 mL of aqueous sodium sulfate solution
(20 %, w/v) followed by liquid-liquid extraction with
n-heptane (2 x 2 mL). When needed, centrifugation of the
sample (approx. 2 min at 200xg) was carried out to
enhance the separation of the two phases. 250 puL. of PBA
saturated solution (25 %, w/v in acetone/water, 19/1, v/v)
was added to the reaction mixture, which was incubated for
5 min in ultrasonic bath at room temperature. The phen-
ylboronic derivatives were extracted with n-heptane
(2 x 1 mL) and evaporated to dryness under a nitrogen
stream (max 10-20 min at 35-40 °C in order to avoid
losses due to the high volatility of PBA-derivatives). The
residue was dissolved in 400 pL of n-heptane and analysed
by GC-MS.

GC-MS Analysis

GC-MS analysis was performed according to a method
optimized previously [12]. The quantification of glycidyl
esters was based on the 3-MBPD/3-MBPD-d5 ratio and the
quantification of MCPD esters was based on the 2-MCPD/
3-MCPD-d5 and 3-MCPD/3-MCPD-d5 ratio for 2-MCPD
and 3-MCPD esters, respectively. The different signal
response of the phenylboronic derivatives of 2-MCPD and
3-MCPD was calculated and used for the quantification.
Ions at m/z 147 and 150 (for 3-MBPD and 3-MCPD) and
m/z 196 and 201 (for 2-MCPD) were chosen for single ion
monitoring. Molecular ions (m/z 196 and 201 for MCPD
and MCPD-d5, respectively and m/z 240 and 245 for
3-MBPD and 3-MBPD-d5, respectively) were used as
qualifiers. The use of molecular ions for the quantification
of 3-MCPD and 3-MBPD was also tested. No significant
improvement of the selectivity was achieved, whereas a
decrease of sensitivity (the intensity of the signal is about
five times lower) was observed. Thus, the choice of the
fragment ions m/z 147 and 150 was preferred.

Results and Discussion

The method is based on the principle that, under acidic
conditions, the epoxide ring of glycidyl esters can be
opened by the attack of a nucleophile. The product formed
is a monoacylglycerol-like molecule, which formula
depends on the nature of the nucleophile present in the
mixture. When the nucleophile is a halide such as bromide,
glycidyl esters convert into 2-MBPD or 3-MBPD mono-
esters, depending on the position of the carbon at which
nucleophilic attack took place.

In this work, bromide was chosen among the other
halides because of the close similarity to chloride and the

higher reactivity in protic solvents. It was added to the
reaction mixture in the form of acidified aqueous solution
of sodium bromide. The acid environment was combined
with increased temperature (50 °C) in order to enhance the
reaction rate and maximize the yield. The structural simi-
larity of MBPD esters and MCPD esters was the basis for
the hypothesis that these two classes of compounds could
be analyzed using the same analytical procedure.

A similar principle has already been applied by Kuhl-
mann [10] for the development of an indirect method for
MCPD and glycidyl esters analysis based on alkaline
transesterification. In that case, the sample preparation
involved a first step of alkaline transesterification, followed
by the conversion of free glycidol into 3-MBPD.

Carrying out the conversion reaction on the esterified
form (glycidyl esters) rather than the free one (glycidol)
results in a higher 3-MBPD/2-MBPD yield because of the
effect of steric hindrance exploited by the esterified fatty
acid chain. In fact, in an acid environment, the reaction
involves a first step of protonation of the epoxide ring,
followed by the attack of a nucleophile, preferentially at
the most substituted carbon atom [20]. Nevertheless, the
steric effect caused by the fatty acid chain of glycidyl ester
results in a modified regioselectivity and the preferential
formation of the 3-isomer. The signal ratio 3-MBPD/
2-MBPD was repeatedly measured for a number of dif-
ferent samples by monitoring the ion at m/z 240 (molecular
ion) and found to be in the range between 13 and 15. As
only 3-MBPD is quantified, this phenomenon was used in
the method presented to enhance the sensitivity.

Optimization of Critical Parameters for the Glycidyl
Ester Conversion

The epoxide ring of glycidyl esters can be opened under
alkaline, neutral or acid conditions by the attack of a
nucleophile on one of the epoxide carbon atoms. Never-
theless, the addition of most nucleophiles is considerably
accelerated in acid solution due to the reversible formation
of the more reactive conjugated acid of the epoxide [21],
making the choice of the acid environment the most con-
venient in view of a high conversion of glycidyl esters into
MBPD esters. Although a high conversion yield is of great
importance for this method as it has a direct impact on
the sensitivity, acid media are also known to enhance
the ex-novo formation of halogenated compounds, such as
3-MCPD, by the reaction of (partial) acylglycerols—
(constituents of oils and fats) with halide ions [9, 18].
Therefore, it is reasonable to hypothesize that the condi-
tions under which the reaction is carried out may have a
significant impact on both the trueness and the sensitivity
of the quantification of glycidyl esters. The determination
of MCPD esters, on the other hand, showed to be not
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affected by any changes applied during the initial step of
sample pre-treatment (data not shown).

Reagent Concentration

The impact of the strength of the acid media (0.1, 0.3 and
0.5 % of sulfuric acid) and the nucleophile concentration
(45.03 and 450.3 pg/mL of NaBr) on the conversion rate of
glycidyl esters into 3-MBPD esters was investigated. In
order to ensure the maximum conversion rate without
affecting the trueness of the method, oil samples of dif-
ferent composition (the level of partial acylglycerols was
ranging from O to 25.7 %) were tested.

The increase in sulfuric acid concentration from 0.1 to
0.5 % resulted in a limited overestimation of the results
(max. 3 % for samples at high concentration of partial
acylglycerols, data not shown). Nevertheless, no significant
improvement of the sensitivity with increasing acid con-
centration was noticed and the lowest concentration was
therefore used for further method optimization.

The same set of blank samples (glycidyl esters not
detected) was used to evaluate the effect of the concen-
tration of bromide ions in the reaction mixture. A linear
dependency of the level of 3-MBPD formed on the con-
centration of partial acylglycerols in the sample was found
for both bromide concentrations tested (Fig. 1). This find-
ing confirmed the possible presence of an undesirable side
reaction of partial acylglycerols with bromide ions to give
rise to 3-MBPD esters. The occurrence of such a reaction
during sample pre-treatment would result in misleading
results (that would affect the trueness of the method) and
therefore must be avoided. Subsequent to the known high
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Fig. 1 Effect of the concentration of sodium bromide in the reaction
mixture during the pre-treatment on the 3-MBPD formation (filled
diamonds NaBr 45.03 pg/mL, filled squares NaBr 450.3 ng/mL). The
experiment was carried out with samples of blank oils (no glycidyl
esters present) that contained different levels of partial acylglycerols.
All analyses were carried out in duplicate (error bars not depicted,
RSD <5 %)
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reactivity of epoxides, experimental data proved that the
constant rate of this side reaction is significantly lower than
the reaction rate of glycidyl esters conversion. As a con-
sequence, the side reaction could be suppressed by simply
lowering the concentration of bromide in the mixture. The
optimal concentration was chosen as the highest concen-
tration without a significant impact on the accuracy of the
results. Considering that the typical level of partial acyl-
glycerols in palm oil is below 10 % (and almost one order
of magnitude lower in seed oils), and that a concentration
of 45.03 pg/mL of NaBr did not have a significant impact
on the levels found in blank samples (below the limit of
quantification), this concentration was chosen for further
experiments.

Presence of Water

Under the acid conditions applied during sample pre-
treatment, the epoxide ring of glycidyl esters is opened by
the attack of a nucleophile. When different nucleophiles
are simultaneously present in the reaction mixture, several
competitive reactions take place and more than one product
is formed. The relative abundance of each product is pro-
portional to the relative strength and concentration of the
correspondent nucleophile in the reaction mixture. It is
well known that in acid aqueous solution and in the
simultaneous presence of halide ions, the epoxide ring
opens according to four different mechanisms (Fig. 2),
with a predominance of reactions (2) and (4) [22]. There-
fore, it can be hypothesized that the presence of water in
the reaction mixture during the sample pre-treatment will
affect the completeness of the conversion of glycidyl esters
to 3-MBPD esters.

This hypothesis was investigated by the addition of
various amounts of water (30-100 pL) to the reaction
mixture. Oil samples of different origin and composition
were tested to prove the effect to be matrix independent.
The trueness was evaluated by verifying the accuracy of the

CH CH,—OH
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CH2 CHQ_OH
CH +  CHy—OH
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CH2 CHQ_OH
CH CH—X

o + X+ HO —> [° + OH™ ()
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H—X

(|:H2\o + X"+ HOt—> T + HO ()
CHy CH,—OH

Fig. 2 Typical reactions of epoxides in acid aqueous media and in
the presence of halide ions (X ™) [22]
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results, while the impact on the sensitivity was monitored
by recording the changes of the internal standard peak area.

As expected, the results showed no influence of the
water level present in the sample on the trueness (data not
shown). However, a significant impact on the sensitivity
was observed (Fig. 3). Increasing the level of water from
30 puL (1.5 % of the sample reaction mixture) to 100 puL
(5 % of the reaction mixture) caused a decrease in the
reaction yield (expressed as peak area of the internal
standard) of about five times. The decrease in sensitivity
was found to be matrix independent.

In this method, the aqueous solution is used as a carrier
of bromide salt during the sample pre-treatment. In order to
minimize the adverse effect of water on the yield of the
reaction, the volume of the bromide solution added to the
sample was minimized to 30 pL. In addition, as the oil
sample is dissolved in 2 mL of tetrahydrofuran which is
known to be highly hygroscopic, it is highly recommended
to store the solvent under a nitrogen blanket or to use
anhydrous tetrahydrofuran.

Reaction Time and Temperature

The effect of time and temperature on the sample pre-
treatment was investigated in the range 5-15 min and
25-60 °C. Oil samples of different origin and composition
(spiked crude oils and various samples of fully refined oils)
were tested to prove the effect to be matrix independent. As
in the previous case, the effect on the trueness and the
sensitivity was assessed by monitoring the accuracy of the
results and the internal standard peak area, respectively.
Both time and temperature of reaction were found to have
a great impact on the sensitivity. The effect of temperature
on the yield of the reaction is shown in Fig. 4. The increase
from 25 to 60 °C resulted in a raising of the peak area by
more than six times. A similar trend was observed also for
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Fig. 3 Dependency of the yield of 3-MBPD formation (expressed as
internal standard peak area) on the level of water present in the reaction
mixture. The experiment was carried out with three different samples:
crude palm oil spiked with glycidyl palmitate (filled diamonds) and two
different samples of fully refined palm oil (filled circles, filled squares)
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Fig. 4 Effect of the reaction temperature applied during sample pre-
treatment on the yield of the glycidyl ester conversion in samples of
refined oil. All analyses were carried out in duplicate

increasing reaction times. As the trueness of the method was
found to be unaffected by temperatures up to 50 °C (data not
shown), the optimal conditions for the sample-pre-treatment
reaction were set to 50 °C and 15 min.

Validation of the Method
Linearity of Response

The linearity of response was checked within the common
working range of concentrations (0—-10 mg/kg for 3-MCPD
and 0-22 mg/kg for glycidol).

First, 100 pL of standard solution (PP-3-MCPD and
Gly-P, various concentrations) was placed in a glass test
tube, dissolved in 2 mL of tetrahydrofuran and analyzed
according to the protocol described in “Method”. In order
to take into account any possible matrix effect, one set of
samples of extra virgin olive oil (3-MCPD and glycidyl
esters free) was spiked with the same levels of standards
and analysed. A high linear correlation (R* > 0.999)
between the detected and the spiked levels of both 3-MCPD
and glycidyl esters was found (Fig. 5). The results, shown
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Fig. 5 Linearity of response of glycidyl esters in spiked extra virgin
olive oil within the common working range of concentrations
(0-22 mg/kg of bound glycidol)
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Table 1 Evaluation of the trueness of the method by the analysis of
a sample of extra virgin olive oil spiked with PP-3-MCPD and Gly-P
at various levels (n = 10)

3-MCPD equiv. (mg/kg) Gly equiv. (mg/kg)

Spiked Measured Spiked Measured
level values level values
Level 0 0.00 <LOD 0.00 <LOD
Level 1 0.39 0.42 £ 0.05 0.94 0.97 + 0.03
Level 2 2.44 2.40 £ 0.05 5.85 5.62 £ 0.16
Level 3 4.88 4.82 + 0.05 11.71 11.59 £ 0.37

only for one set of samples because of the complete overlap
on the chart, indicate no interference of the oil matrix with
the quantification of the analytes.

Trueness

The trueness of the method was evaluated by the analysis
of a set of samples at known concentration of 3-MCPD and
glycidyl esters and by comparison of the results with other
analytical methods.

Samples spiked at three different levels of both ana-
lytes were prepared by the addition of a standard solution
of PP-3-MCPD (55.0 pg/mL) and Gly-P (100.0 pg/mL)
to a sample of extra virgin olive oil. A sample of non-
spiked oil (blank) was used as a negative control to the
procedure.

The results (Table 1) show a good match between the
expected values and the levels detected in the samples for
both 3-MCPD and glycidyl esters. The absence of response
for the blank sample confirms the effective suppression of
any undesirable side reaction.

The accuracy of the results was also checked in samples
of refined oils. A set of six oils of different composition
was analyzed for 2-MCPD, 3-MCPD and glycidyl esters
(n = 3) by the current and a previously published method
[10]. A very good match between the two sets of data
obtained by both methods was found (Table 2).

Repeatability and Between-Day Reproducibility

In order to evaluate the repeatability and between-day
reproducibility of the procedure, four samples of different
origin were repeatedly analysed. The samples were chosen
to cover a wide range of matrix composition (both crude
and refined oils and oils with various levels of partial
acylglycerols were tested) and a wide range of contamina-
tion levels for both 3-MCPD and glycidyl esters.

The repeatability was evaluated by five analyses of the
selected set of samples. The standard deviation (r, Table 3)
and the pooled standard deviation (0.01 for 3-MCPD esters
and 0.04 for glycidyl esters) were very good for all the
samples and similar for both 3-MCPD and glycidyl esters.
In addition, the results reported for 3-MCPD esters were in
a very good agreement with the variability data reported in
our previous work [18]. That corroborates the assumption
that the introduction of the pre-treatment step (essential for
the determination of glycidyl esters) does not affect the
quantification of MCPD esters.

The between-day reproducibility was evaluated by the
duplicate analysis of the same set of samples over a time
frame of 5 days. The single factor analysis of variance
(ANOVA) was used to calculate the standard deviation
(R, Table 3) of each set of analysis. The results show a
good reproducibility, with a relative standard deviation
within 5 % for all the samples.

Sensitivity

The limit of detection of the method, based on the signal over
noise ratio and calculated for oil samples, was 0.04 mg/kg
for bound 2-MCPD and 3-MCPD and 0.06 mg/kg for bound
glycidol. The limit of quantification was 0.14 mg/kg and
0.19 mg/kg for bound MCPD and glycidol, respectively.
These results are comparable with the ones reported by
Kuhlmann [10] for the indirect method based on alkaline
transesterification. In that case, a limit of detection of

Table 2 Comparison of the levels of 3-MCPD, 2-MCPD and glycidyl esters determined by two different analytical methods

3-MCPD equiv. (mg/kg)

2-MCPD equiv. (mg/kg)

Gly equiv. (mg/kg)

Method A? Method B® Method A* Method B® Method A* Method B®
Rapeseed ol (I) 0.43 + 0.01 0.44 0.18 + 0.01 0.18 0.44 £ 0.05 0.30
Palm oil 1.09 + 0.01 1.13 0.44 £ 0.03 0.48 0.64 & 0.01 0.53
Rapeseed oil (IT) 0.64 & 0.01 0.67 0.26 + 0.05 0.30 1.05 + 0.03 1.05
Palm mid fraction 0.60 + 0.01 0.60 0.32 £ 0.03 0.30 3.40 + 0.03 3.69
Palm olein (I) 1.65 + 0.02 1.67 0.82 £ 0.11 0.83 5.25 + 0.06 5.63
Palm olein (II) 0.75 £ 0.03 0.71 0.37 £ 0.07 0.37 30.24 + 0.08 30.3

# Method A the current method (analysis performed in triplicate)

 Method B the method based on alkaline transesterification [10] carried out by SGS laboratory (Hamburg, Germany)
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Table 3 Evaluation of the

repeatability (n = 5) and Partial 3-MCPD equiv. Glycidol equiv.
s acylglycerols

between-day reproducibility (%) Measured values RSD Measured values RSD
(duplicate analysis over a 5-day (mg/kg) (%) (mg/kg) (%)
time frame)

Olive oil 1.4 0.35 £ 0.01 [r] 24 1.12 £ 0.03 [r] 2.3

0.35 £ 0.02 [R] 5.1 1.13 £ 0.04 [R] 34
Spiked extra virgin 1.2 2.34 + 0.01 [r] 0.4 5.69 + 0.05 [r] 0.8
olive oil*

 repeatability, R between-day 2.40 + 0.04 [R] 1.8 5.62 + 0.17 [R] 3.0
reproducibility Walnut oil 3.8 1.16 + 0.01 [r] 1.0 5.83 + 0.03 [r] 0.5
* Sample spiked with 1.19 + 0.04 [R] 3.0 5.87 £ 0.15 [R] 2.5
2.44 mg/kg of 3-MCPD equiv. Fully refined palm oil 9.1 4.19 £ 0.02 [r] 0.5 7.11 £ 0.04 [r] 0.6

and 5.85 mg/kg of glycidol
equiv

429 + 0.05 [R] 1.2 7.10 £ 0.30 [R] 4.2

0.05 mg/kg was found for both bound 3-MCPD and bound
glycidol.

Conclusions

The method described in this paper allows the simulta-
neous quantification of 2-MCPD, 3-MCPD and glycidyl
esters within one single analysis. Careful optimization of
the reaction conditions and rigorous testing of the initial
step of sample preparation (the conversion of glycidyl
esters to 3-MBPD esters) greatly reduced the risk of the
occurrence of any interfering side reactions that would lead
to unreliable results. By analyzing a set of samples of very
different composition, the method was proven to be reliable
for all three analytes regardless of the origin and compo-
sition of the oil/fat. In conclusion, the method was found to
be suitable for routine monitoring of these process con-
taminants in oils and fats. The parameters (e.g. accuracy,
repeatability, sensitivity) and high efficiency (all three
analytes determined in one GC run) predetermine this
method for being adopted by research and control
laboratories.
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