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An in-house validated GC-MS method preceded by acid-catalysed methanolysis was applied to 97 samples of vegetable oils
and fats marketed in Brazil. The levels of the compounds ranged from not detected (limit of detection = 0.05 mg kg−1) to
5.09 mg kg−1, and the highest concentrations were observed in samples containing olive pomace oil and in products used
for industrial applications, such as palm oil and its fractions (olein and stearin). The content of diesters and monoesters was
also investigated by employing solid-phase extraction on silica cartridges, indicating that the majority of the compounds
were present as diesters. This study provides the first occurrence data on these contaminants in Brazil and the results are
comparable with those reported in other countries.
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Introduction

3-Monochloropropane-1,2-diol (3-MCPD) is a well-known
chemical contaminant belonging to the group of chloropro-
panols that can be found in processed foods and food
ingredients both in free and bound form (Velíšek et al.
1980; Svejkovská et al. 2004). The latter correspond to
fatty acid esters of 3-MCPD, which include different com-
pounds, such as monoesters and diesters, depending on the
number of esterified hydroxyl groups and the type of fatty
acid present in the molecule (Seefelder et al. 2011).

Studies have shown that 3-MCPD esters may be present
at concentrations significantly higher than the levels found
for the free form, especially in edible oils and fats
(Svejkovská et al. 2004; Zelinková et al. 2006). These
findings raised an immediate concern in terms of public
health due to the possibility of these compounds under-
going hydrolysis by enzymes in the human gut and repre-
senting an additional source of exposure to 3-MCPD,
previously not considered (BfR 2007; European Food
Safety Authority 2008; International Life Sciences
Institute 2011). In vitro studies have already demonstrated
the potential of 3-MCPD monoesters to undergo hydrolysis
by lipases (Seefelder et al. 2008; Buhrke et al. 2011) and,
more recently, experiments conducted with rodents indi-
cated both the hydrolysis of diesters in vivo and the high
bioavailability of 3-MCPD from these compounds after
oral administration (Abraham et al. 2013). Free 3-MCPD
has been associated with nephrotoxicity and ability to affect
male fertility (Food and Agriculture Organization/World
Health Organization 2001, 2007). In addition, this contami-
nant is classified as a possible human carcinogen (group

2B) by the International Agency for Research on Cancer
(2012) in view of its potential to induce cancer in experi-
ments with animals.

According to the German Federal Institute for Risk
Assessment (BfR 2007), preliminary exposure estimates
assuming complete hydrolysis of these esters during the
digestion showed that the intake of specific population
groups to free 3-MCPD could exceed its provisional max-
imum tolerable daily intake (PMTDI) of 2 µg kg−1 body
weight (bw) established by the Food and Agriculture
Organization/World Health Organization (2001, 2007),
suggesting a potential risk to health. A more detailed expo-
sure assessment recently conducted by European Food
Safety Authority (2013) showed similar conclusions, indi-
cating higher intakes for children and elderly groups. For
these reasons, the contamination of foods with 3-MCPD
esters has been considered a priority food safety issue.

In vegetable oils and fats, high concentrations of 3-
MCPD esters have been frequently reported in palm oil
(Elaeis guineensis Jacq.) and derived products for which
levels up to 10 mg kg−1 have already been observed
(Kuhlmann 2011). According to some authors, the com-
pounds are formed from triglycerides and species of
organic and inorganic chlorine resulting from endogenous
metabolism of the plant and environmental contamination
(Nagy et al. 2011; Destaillats et al. 2012). The formation
occurs mainly during the deodorisation step of the refining
process in which temperatures above 200°C are used
(Franke et al. 2009; Hrncirik & Van Duijn 2011). For
unrefined oils, concentrations below 0.4 mg kg−1 have
been reported (Zelinková et al. 2006).
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The proposed analytical approaches for determining 3-
MCPD esters involve both indirect analysis, in which the
total concentration of the compounds is measured as free 3-
MCPD obtained after a hydrolysis/methanolysis procedure,
and direct analysis, in which the different species of 3-
MCPD esters are individually identified. Indirect methods
have shown good application for routine purposes due to
the need of a reduced number of analytical standards, but
do not provide information about individual species unless
a previous separation of the compounds is carried out. Most
procedures described in the literature employ acid or alka-
line-catalysed methanolysis to release 3-MCPD from the
esters (Crews et al. 2013). However, the choice of the
procedure must consider the presence of glycidyl esters in
the samples, which can be hydrolysed to glycidol under
alkaline conditions, overestimating the results as a conse-
quence of 3-MCPD formation in the presence of chloride
during the analysis (Weißhaar & Perz 2010). Recently, a
collaborative study has validated three indirect methods for
characterising 3-MCPD esters in oils and fats, which were
adopted as AOCS Official Methods (American Oil
Chemists’ Society 2013).

The questions about the reliability of indirect methods
as well as the limited availability of reference materials
and commercial standards required for direct methods,
which has improved only in the last few years, could
possibly be some factors responsible for the lack of
large-scale surveys concerning the occurrence of 3-
MCPD esters (Crews et al. 2013). Although an extensive
collection of data on the levels of 3-MCPD esters was
recently reported in the United States (MacMahon et al.
2013) and China (Chung et al. 2013), many published
results have still been derived from method testing experi-
ments and studies of formation, especially in palm oil
(Crews et al. 2013). In view of these considerations, the
objective of this study was to provide a comprehensive
database on the levels of 3-MCPD esters in vegetable oils
and fats marketed in Brazil which is, to our knowledge,
the first information about the occurrence of these con-
taminants in Brazilian products.

Materials and methods

Chemicals and standards

The following reagents and solvents were used in the
analysis: tetrahydrofuran (THF, analytical grade, Sigma-
Aldrich Corp., Steinheim, Germany); acid phenylboronic
(PBA, 97% purity, Sigma-Aldrich); methanol (HPLC
grade, Tedia Company Inc., Fairfield, OH, USA); hexane,
acetone, sulfuric acid, sodium bicarbonate and ammonium
sulfate (analytical grade, Labsynth, Diadema, SP, Brazil);
diethyl ether (HPLC grade, Vetec, Duque de Caxias, RJ,
Brazil); ethyl acetate (HPLC grade, JT Baker,
Phillipsburg, NJ, USA); and dichloromethane (HPLC

grade, Carlo Erba, Rodano, Italy). Water was purified by
reverse osmosis (Gehaka, São Paulo, SP, Brazil).

3-MCPD-1,2-dipalmitoyl ester (PP-3-MCPD), 3-
MCPD-1,2-dipalmitoyl-d5 ester (PP-3-MCPD-d5), 3-
MCPD-1-oleoyl ester (1-O-3-MCPD) e 3-MCPD-1-
oleoyl-d5 ester (1-O-3-MCPD-d5) were purchased from
Toronto Research Chemicals (North York, ON, Canada).
The stock solutions were prepared at a concentration of
0.5 mg ml−1 by dissolving the standards in tetrahydrofuran.

Samples

A total of 97 samples of vegetable oils and fats were
analysed in relation to 3-MCPD esters. Sampling was
made by considering previous data reported by other
countries and included products destined for household
consumption as well as used in industrial applications.
Samples of household consumption, including different
brands and different lots of each brand whenever avail-
able, were purchased at supermarkets from the city of
Campinas, SP. Industrial products were kindly supplied
by two local oil manufacturers. A certified reference mate-
rial (CRM) of palm oil (T2634QC) produced by FAPAS
(Food Analysis Performance Assessment Scheme) was
used as analytical quality control.

Determination of 3-MCPD esters

3-MCPD esters were determined according to Zelinková
et al. (2006) and Hrncirik et al. (2011), with some modifi-
cations mainly concerning the salt used for salting-out of
fatty acid methyl esters (FAMEs). The sample (100 mg)
was weighed in a screw cap tube and dissolved in 1 ml of
PP-3-MCPD-d5 0.5 µg ml−1 (prepared in THF). After addi-
tion of 1.8 ml of sulfuric acid in methanol (1.8%, v/v), the
tube was sealed and incubated in a water bath at 40°C for
16 h for transesterification and release of 3-MCPD bound to
fatty acids. The reaction was stopped by adding 0.5 ml of a
saturated aqueous solution of sodium bicarbonate and the
organic solvents were evaporated under a steam of N2.
FAMEs were removed by adding 2 ml of ammonium
sulfate 20% followed by liquid–liquid extraction with hex-
ane (2 × 2 ml). An aliquot of 250 µl of the derivatising
solution (1 g of PBA dissolved in 4 ml of acetone–water,
19:1, v/v) was added to the aqueous extract. The tube was
sealed, shaken for 15 s on a vortex mixer and heated in a
water bath at 90°C for 40 min. After cooling at RT, 2 ml of
hexane were added and the tube was vortexed for 30 s to
extract the derivatised 3-MCPD. The supernatant (hexane)
was transferred to a vial, stored in the freezer for at least 4 h
and filtered through a cotton bed before injection into the
chromatographic system.
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Determination of 3-MCPD diesters and monoesters

3-MCPD diesters and monoesters were determined
according to Seefelder et al. (2008) using SPE, with
some modifications. For that, the sample (100 mg) was
weighed into a gas chromatography vial and diluted with
50 µl of hexane. After addition of 50 µl of PP-3-MCPD-d5
and 50 µl of 1-O-3-MCPD-d5, both prepared in hexane at
a concentration of 10 µg ml−1, the sample was applied
onto an SPE silica cartridge HF Mega BE-SI 1 g/6 ml
(Agilent Technologies, Palo Alto, CA, USA), and precon-
ditioned with 4 ml of hexane. An aliquot of 4 ml of
hexane was passed through the cartridge and discarded.
3-MCPD diesters were then eluted with 8 ml of a mixture
of hexane/dichloromethane/diethyl ether (89:10:1). An ali-
quot of 2 ml of a mixture of hexane/ethyl acetate (85:15)
solution was passed through the cartridge and discarded.
3-MCPD monoesters were finally eluted with 15 ml of
hexane/ethyl acetate (85:15). (The SPE was performed
without a vacuum pump at a flow rate of approximately
0.7 ml min–1). The extracts resulting from the elution of
diesters and monoesters were collected separately in 10 ml
screw cap tubes and evaporated under a steam of N2. The
residue was dissolved in 1 ml of THF. Transesterification
and derivatisation were performed as previously
described. This procedure was applied only to samples
for which the total amount of 3-MCPD esters was higher
than 0.20 mg kg−1.

Chromatographic analysis

The experiments were conducted on an HP 7890A gas
chromatograph coupled to a MSD 5975C mass spectro-
meter (Agilent Technologies). An aliquot of 1 µl of the
extract was introduced into the injector operating at 180°C
in splitless mode. The separation was carried out on a
capillary column VF-1ms 30 m × 0.25 mm (0.25 µm)
(Agilent Technologies) using helium as the carrier gas at
a flow rate of 1.2 ml min−1. The following temperature
programme was used in the oven: 60°C (held for 1 min),
6°C min−1 to 190°C, 20°C min−1 to 280°C (held for
30 min). Detection was performed by SIM after positive
electron impact ionisation (70 eV). The following ions
were monitored: m/z 147, 91 and 196 for 3-MCPD and
m/z 150, 93 and 201 for the internal standard 3-MCPD-d5.

Method validation

The methods were in-house validated in relation to linearity,
selectivity, LOD, LOQ, trueness (analysis of CRM and
recovery) and precision (repeatability and within-laboratory
reproducibility) according to the guidelines laid down by the
National Institute of Metrology, Quality and Technology
(Instituto Nacional de Metrologia, Normalização e
Qualidade Industrial 2010). Linearity was evaluated using

eight calibration points. Selectivity was determined by a
comparison between curves set on standard solutions and
on matrix by applying the F-test and t-test. LOD and LOQ
were calculated as three- and six-fold standard deviation of
six independent sample blanks measured once each.
Recovery, repeatability and within-laboratory reproducibility
were evaluated by spiking a blank sample with PP-3-MCPD
(and 1-O-3-MCPD in the case of SPE experiments) at 0.1,
0.4 and 2 mg kg−1 (six replicates for each concentration
level). A sample of extra virgin olive oil, for which the
presence of 3-MCPD esters was not detected, was used as
a blank sample.

Results and discussion

Method validation

The method used for the determination of 3-MCPD esters,
which was based on acid-catalysed methanolysis using
ammonium sulfate for salting-out of FAMEs, showed
excellent linearity (0–8.6 mg kg−1; r2 = 0.999) and non-
significant matrix effects (Fcalc = 1.11 < Ftab = 3.79;
tcalc = 0.13 < ttab = 2.14). LOD and LOQ were set at
0.05 and 0.10 mg kg−1, respectively. The deviation
between the experimentally determined concentration
and the certified value of the CRM ranged from –0.9%
to 8.4% (six replicates in two different days). Recovery
and precision were considered satisfactory (Table 1).

In order to compensate for the limitation of indirect
methods concerning the lack of information about indivi-
dual species of 3-MCPD esters, a procedure employed for
the separation of diesters and monoesters using SPE
before the transesterification step was also validated. The
separation of the compounds was first controlled by mon-
itoring the separation of two isotopically labelled stan-
dards (PP-3-MCPD-d5 and 1-O-3-MCPD-d5) in the
presence of oil matrix (extra virgin olive oil and refined
soybean oil). The eluates were collected in different frac-
tions and analysed for the occurrence of 3-MCPD-d5 after
acid transesterification. Additional experiments showed no
significant amounts of diesters in the intermediate fraction
collected between the elution of diesters and monoesters

Table 1. Recovery and precision for 3-MCPD esters by acid-
catalysed methanolysis.

Spike level
(mg kg−1) R (%) CVr (%) CVR (%)

0.1 110 8.4 6.1
0.4 101 4.4 3.9
2.0 105 4.4 4.0

Note: R, recovery (12 replicates for each spike level); CVr, coefficient of
variation under repeatability conditions (same day, six replicates for each
spike level); and CVR, coefficient of variation under within-laboratory
reproducibility conditions (same laboratory, 2 different days, 12 replicates
for each spike level).
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and no additional monoesters eluted when the solvent
volume in the final elution was doubled or polar eluents
were used.

The method showed good linearity in the range of 0–
4 mg kg−1 (r2 = 0.999) and no matrix effect. LOD and
LOQ were calculated as 0.1 and 0.2 mg kg−1, respectively,
for both PP-3-MCPD and 1-O-3-MCPD. Mean recoveries
varied from 74% to 98% and coefficients of variation
ranged from 6.9% to 11.5% for repeatability and from
6.8% to 16.2% for within-laboratory reproducibility
(Table 2), showing the reliability of the procedure.

In relation to the quantitative approach, Seefelder et al.
(2008) suggested determining the amounts of 3-MCPD
monoesters, and then calculating the amounts of 3-
MCPD diesters by subtracting the amounts of 3-MCPD
monoesters from the total amount of 3-MCPD esters. This
was proposed since the authors observed that the PP-3-
MCPD-d5 solution was only stable over a limited period.
However, in contrast to these observations, we noted a
good stability of the PP-3-MCPD-d5 solution and demon-
strated that the indirect calculation of 3-MCPD monoe-
sters could also be possible considering only the fraction
resulting from the elution of 3-MCPD diesters and the
total amount of the compounds. This could be more
advantageous taking into account that the majority of 3-
MCPD esters correspond to diester forms and that a higher
incidence of non quantifiable results could be expected for
monoesters.

3-MCPD esters in vegetable oils and fats

Table 3 shows the levels of 3-MCPD esters determined
in samples of edible oils and fats destined to household
consumption. The concentrations ranged from not
detected to 5.09 mg kg−1 (52 samples with levels
above the LOQ). Most of the samples (73%) presented
levels below 0.30 mg kg−1, especially sunflower and
canola oils. Dendê, which is the unrefined palm oil

used for culinary preparations in Brazil, showed con-
centrations up to 0.33 mg kg−1, suggesting that some
products may contain a mixture of refined and unrefined
oils or that the oil extraction conditions can led to the
formation of 3-MCPD esters. Slightly higher values
were found in hydrogenated vegetable fat (0.29–
0.45 mg kg−1) and sesame oil (0.48–0.58 mg kg−1).
According to MacMahon et al. (2013), 3-MCPD esters
can be formed during the toasting of sesame seeds,
contributing to the contamination of the unrefined oil.

Concentrations above 1 mg kg−1 were reported in
two samples of soybean oil, two samples of maize oil
and in three samples of olive oil. The highest amounts
(5.09 and 1.46 mg kg−1) were observed in samples of
olive oil that contained pomace oil. High levels of 3-
MCPD esters in pomace oil were already reported by
other authors, which could explain the concentrations
observed in these products (Zelinková et al. 2006;
Karšulínová et al. 2007). However, a sample of olive
oil that was labelled as extra virgin showed a concentra-
tion of 1.29 mg kg−1. As 3-MCPD esters should not be
present at significant amounts in extra virgin olive oil
(because it is unrefined), this level of contamination
could indicate the presence of refined olive oil or pomace
oil that was not declared on the label.

Considering individual lots, slight differences on the
concentration of 3-MCPD esters were observed for most
of the samples, with exception of a particular brand of
soybean oil (A) and extra virgin olive oil (B), for which
a remarkable variation was verified between two ana-
lysed lots. For some types of oils, such as soybean and
maize, large differences were also observed among dif-
ferent brands. It is difficult to explain the cause of these
variations, since the exact mechanism of formation and
main precursors involved in the reaction are not comple-
tely understood. However, these data could suggest a
potential for mitigation of 3-MCPD esters in these
products.

Table 3 also shows the % of diesters found in 33
samples of oils for which the total amount of 3-MCPD
esters was higher than 0.20 mg kg−1. The levels of the
compounds varied from <0.20 to 4.07 mg kg−1 and
represented from 69% to 94% of the total concentration
of 3-MCPD esters, considering 17 positive samples
(above the LOQ). The lowest concentration of diesters
(69%) was observed in a sample of sesame oil. These
results confirm the higher occurrence of diesters in oils
and fats, as already verified by other authors (Seefelder
et al. 2008; MacMahon et al. 2013; Yamazaki et al.
2013).

The concentrations of 3-MCPD esters in oils and
fats used for industrial applications are reported in
Table 4. The levels of the compounds varied from
0.10 to 3.87 mg kg−1 and all samples presented quanti-
fiable results. Some variation among different brands

Table 2. Recovery and precision for 3-MCPD diesters and
monoesters.

Analyte
Spike level
(mg kg−1) R (%) CVr (%) CVR (%)

PP-3-MCPD 0.2 77 11.5 13.3
1.0 89 9.7 9.9
4.0 74 7.0 6.8

1-O-3-MCPD 0.2 98 10.8 16.2
1.0 90 7.3 14.4
4.0 83 6.9 12.1

Notes: R, recovery (12 replicates for each spike level); CVr, coefficient of
variation under repeatability conditions (same day, six replicates for each
spike level); and CVR, coefficient of variation under within-laboratory
reproducibility conditions (same laboratory, 2 different days, 12 replicates
for each spike level). PP-3-MCPD = 3-MCPD-1,2-dipalmitoyl ester; and
1-O-3-MCPD = 3-MCPD-1-oleoyl ester.
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and lots can also be noted. Concentrations below
1 mg kg−1 were verified in 40% of the samples, includ-
ing palm kernel oil, hydrogenated fats (all samples
derived from soybean oil) and mix of fats (composition
not informed by the producer). The highest levels
(above 1 mg kg−1) were clearly observed in products
obtained from the pulp of palm, which corresponds to
palm oil and its fractions (olein and stearin). These
results are comparable with other data available in the

literature (Karšulínová et al. 2007; Kuhlmann 2011;
MacMahon et al. 2013; Yamazaki et al. 2013).

The amount of diesters in 28 samples of industrial
oils and fats for which the total amount of 3-MCPD
esters was higher than 0.20 mg kg−1 ranged from 0.22
to 3.52 mg kg−1 (all samples above the LOQ).
According to Table 4, diesters represented from 59%
to 96% of the total concentration of 3-MCPD esters.
The lowest percentages were observed in palm olein

Table 3. Levels of 3-MCPD esters in samples of vegetable oils and fats destined to household consumption (mg kg−1, expressed as free
3-MCPD).

Sample Origin

3-MCPD esters ± variation (% of diesters)

Lot 1 Lot 2

Soybean (A) Brazil 1.19 ± 0.02 (80) 0.19 ± 0.01
Soybean (B) Brazil n.d. <0.10
Soybean (C) Brazil <0.10 0.16 ± 0.04
Soybean (D) Brazil 0.37 ± 0.04 (86) 0.34 ± 0.01 (80)
Soybean (E) Brazil 1.11 ± 0.13 (94)
Soybean (F) Brazil 0.23 ± 0.00 (–) 0.21 ± 0.05 (–)
Maize (A) Brazil 0.12 ± 0.01 <0.10
Maize (B) Brazil <0.10
Maize (C) Brazil n.d. n.d.
Maize (D) Brazil 0.20 ± 0.00 (–)
Maize (E) Brazil <0.10 <0.10
Maize (F) Brazil 1.12 ± 0.05 (93) 1.04 ± 0.01 (90)
Sunflower (A) Brazil 0.16 ± 0.01 0.14 ± 0.02
Sunflower (B) Brazil 0.15 ± 0.02 0.13 ± 0.01
Sunflower (C) Brazil 0.20 ± 0.02 (–) 0.10 ± 0.00
Sunflower (D) Brazil 0.21 ± 0.03 (–) 0.22 ± 0.00 (–)
Sunflower (E) Brazil 0.25 ± 0.01 (–) 0.27 ± 0.06 (–)
Sunflower (F) Brazil 0.25 ± 0.07 (–)
Canola (A) Brazil 0.16 ± 0.02 0.13 ± 0.00
Canola (B) Brazil 0.10 ± 0.02 <0.10
Canola (C) Brazil 0.11 ± 0.02 0.30 ± 0.04 (75)
Canola (D) Brazil <0.10 0.14 ± 0.03
Canola (E) Brazil 0.14 ± 0.00 0.25 ± 0.07 (–)
Canola (F) Brazil 0.14 ± 0.03 0.24 ± 0.03 (–)
Canola (G) Brazil 0.23 ± 0.03 (–)
Maize, sunflower, canola (A) Brazil <0.10 0.12 ± 0.02
Maize, sunflower, canola (B) Brazil 0.39 ± 0.02 (–)
Olive extra virgin (A) Spain n.d. n.d.
Olive extra virgin (B) Portugal 1.29 ± 0.01 (72) 0.19 ± 0.03
Olive (virgin + refined) (A) Spain 0.33 ± 0.08 (91) 0.14 ± 0.03
Olive + pomace (A) Spain 1.46 ± 0.03 (81)
Olive + pomace (B) Portugal 5.09 ± 0.02 (80)
Dendê (A) Brazil 0.32 ± 0.02 (74) 0.25 ± 0.01 (–)
Dendê (B) Brazil 0.30 ± 0.05 (–) 0.33 ± 0.02 (–)
Dendê (C) Brazil n.d.
Peanut (A) Brazil 0.13 ± 0.00 0.29 ± 0.03 (83)
Sesame (A) Brazil 0.48 ± 0.00 (82) 0.58 ± 0.05 (69)
Hydrogenated vegetable fat (A) Brazil 0.45 ± 0.08 (73) 0.29 ± 0.06 (74)

Notes: Number of samples = 67 (analysed in duplicate). Dendê is unrefined palm oil used for culinary preparations in Brazil. Letters in parentheses indicate
different brands among the same products (the same letters for different types of oils do not necessarily correspond to the same brand). n.d., Not detected (below
the LOD = 0.05 mg kg−1); (–) = percentage of diesters was not calculated (concentration of diesters was below the LOQ = 0.20 mg kg−1). The sampling of
different lots was made by considering the information provided on the packaging, which is defined according to specific criteria of each manufacturer.
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(68%), as also reported by MacMahon et al. (2013), as
well as in the samples of mix of fats (64–78%) and in
one sample of hydrogenated fat (59%).

Conclusions

The present study reported the results of a survey on 3-
MCPD esters in 97 samples of vegetable oils and fats
commercialised in Brazil. The highest concentrations
were verified in samples containing olive pomace oil and
in products obtained from the pulp of palm, such as palm
oil and its fractions (olein and stearin), confirming pre-
vious data published in other countries. Most 3-MCPD
esters were present as diesters, which is highly relevant
from a toxicological point of view. To our knowledge,
these data correspond to the first information about the
occurrence of 3-MCPD esters in national products and
will be useful for a preliminary exposure estimate of the
Brazilian population to these contaminants. Due to the
high levels found in oils and fats used for industrial
applications, it is highly important to evaluate the contam-
ination of fried foods and other commercial processed
foods by 3-MCPD esters in the future.
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