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ABSTRACT  1 

 2 

This paper describes a method for the determination of MCPD (3-monochloropropane-3 

1,2-diol and 2-monochloropropane-1,3-diol) esters and glycidyl esters in different 4 

foodstuffs. They are isolated using a microwave extraction. The next step is based on 5 

alkaline-catalyzed esters cleavage. The released glycidol is transformed into 6 

monobromopranediol (MBPD). All compounds are derivatized in free diols (MCPD and 7 

MBPD) with phenylboronic acid and analysed by gas chromatography – mass 8 

spectrometry (GC-MS). The method was validated for oils with limit of quantification 9 

(LOQ) of 0.1 mg/kg, for chips and crisps with LOQ of 0.02 mg/kg and infant formula with 10 

LOQ of 0.0025 mg/L. Recoveries of each sample were controlled by standard addition 11 

on extracts before derivatization. Quantification was performed by the addition of 12 

isotopically labeled glycidyl esters and 3-MCPD esters.  13 

 14 

KEYWORDS : 3-MCPD esters, 2-MCPD esters, glycidyl esters, microwave 15 

extraction, foodstuffs, GC-MS 16 

 17 

  18 
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INTRODUCTION  19 

 20 

3-monochloropropane-1,2-diol (3-MCPD) is a compound which is generated during food 21 

preparation process. It is available in various foods such as hydrolyzed vegetable 22 

proteins, soy sauces, baked products, ... A tolerance threshold of 20 µg/kg was set by 23 

the EU for hydrolyzed vegetable proteins and soy sauces1. The Regulation 836/20112 24 

provides methods of sampling and analysing for the official control of levels of 3-MCPD 25 

in foods. 26 

The first papers dealing with the presence of 3-MCPD esters, were published in the 27 

1980s3, 4. However, the discovery of their presence in high quantities in refined 28 

vegetable oils and derivatives has attracted the attention of risk managers for a few 29 

years. High concentrations have been found (about 4 mg/kg) in hydrogenated fat, palm 30 

oil and solid fats used for frying5. Thereafter, 2-monochloropropane-1,3-diol esters (2-31 

MCPD esters) and glycidyl esters have been found in oils and fats6. 32 

The potential hazard was recently becoming clearer when it was found that 3-MCPD 33 

esters turned into 3-MCPD in the human intestine7-9. The toxicity of 3-MCPD and 34 

glycidol was validated by the International Agency on Research of Cancer10,11.  35 

In recent years, various methods have been developed for the determination of these 36 

esters in fats and oils. Initially, great difficulties have emerged because of the mutual 37 

conversion of the three esters during the extraction. Several quantification methods of 38 

esters in fats and oils have already been standardized by international organizations12-15. 39 

Today, no methods are recognized for the quantification of these esters in foodstuffs16. 40 

Indeed, it is difficult to implement the extraction of the fat without mutual conversion of 41 

these esters. Methods are being validated for the determination of esters in high-fat 42 

foodstuffs such as mayonnaises and butters17. Limits values are required by the 43 

recommendation 2014/661/EU18. 44 

 45 

This paper presents a new method for the extraction of esters using a microwave. The 46 

extraction in the microwave is most commonly used for extraction of contaminants in 47 

non-food matrices (sediment, water ...). However, this promising technique is used by 48 

more and more laboratories. It has also recently been used in the determination of PAH 49 

in foodstuffs. The aim of this study was to get a fast, efficient and economic extraction in 50 

foodstuffs including the matrices monitored by the European community. For the 51 

quantification, the method used is adopted from the work of Jan Kuhlmann15,19. 52 

This publication aims to present the method and show its performances. As part of this 53 

study, reference materials from inter-laboratory tests and samples available in the 54 

laboratory (spiked with known concentrations of esters) have been used. 55 

 56 

 57 

MATERIALS AND METHODS 58 

 59 

Chemicals and Reagents. 1-2-hexanediol (≥ 98%), phenylboronic acid (≥ 97%), 60 

sodium bromid and ethyl acetate (free of higher boiling impurities) were bought from 61 

Sigma-Aldrich, Saint Quentin Fallavier, France. Methanol, iso-octane, diethyl ether, n-62 

heptane, anhydrous sodium sulfate and orthophosphoric acid (85%) were purchased 63 

from VWR, Fontenay-sous-Bois, France. Glycidyl palmitate (glycidyl ester, ≥ 98%), 64 

glycidyl palmitate d5 (glycidyl d5 ester, ≥ 95%, 98.8% atom) 1,3 dipalmitoyl-2-65 
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chloropropanediol (3-MCPD ester, ≥ 98%), rac 1,2-bis-palmitoyl-3-chloropropanediol (2-66 

MCPD ester, ≥ 95%) and (±)-1,2-bis-hexadecanoyl-3-chloropropane-d5-diol (3-MCPD d5 67 

ester, ≥ 98%, 98%atom) were obtained from Cluzeau, Courbevoie, France (TRC 68 

Product). All solvents were kept in anhydrous sodium sulfate. 69 

A methanolic sodium hydroxide solution was prepared by dissolving 125 mg of sodium 70 

hydroxide in 50 mL of methanol. 71 

A sodium bromid acid solution was prepared by dissolving 30 g of NaBr in 50 mL of 72 

deionized water. This solution is acidified with the addition of 170 µL of orthophosphoric 73 

acid. 600 µL of this solution have to neutralize 350 µL of the methanolic sodium 74 

hydroxide solution. If necessary, the pH-value was adjusted to the acidic range. 75 

The derivatization reagent (phenylboronic acid : PBA) was prepared by dissolving 200 76 

mg of PBA in 10 mL of diethyl ether. 77 

 78 

Standard Solutions. Solutions of 1,2-hexanediol were prepared in diethyl ether/ethyl 79 

acetate (60/40). A solution at 0.5 µg/mL is necessary. 80 

Standard solutions of 3-MCPD ester, 2-MCPD ester, glycidyl ester and 3-MCPD d5 ester 81 

at 1 mg/mL were prepared. Standard solution of glycidyl d5 ester at 50 µg/mL was 82 

prepared with toluene as solvent.  83 

Spiking solutions were prepared by diluting stock solutions of 3-MCPD esters (55 µg/mL 84 

and 5.5 µg/mL), 2-MCPD esters (55 µg/mL and 5.5 µg/mL), glycidyl ester (100 µg/mL 85 

and 10 µg/mL) and 3-MCPD d5 ester (40 µg/mL), respectively, to the desired 86 

concentration using toluene as solvent.  87 

All of these solutions were stored in the freezer at -18°C for six months. 88 

 89 

Sample Preparation.  90 

For oils. The sample was homogenized. 100 mg of oil was weighted and spiked with 50 91 

µL of the stock solution of 3-MCPD d5 ester (40 µg/mL) and 50 µL of the standard 92 

solution of glycidyl d5 ester (50 µg/mL). 93 

For chips and crisps. The sample was homogenized. The amount of sample to weigh 94 

was calculated using the following formula : x =104/y where x was the amount of sample 95 

to weigh in mg and y was the fat percentage (%) of the product. The sample weighted 96 

was added in a microwave tube and spiked with 50 µL of the stock solution of 3-MCPD 97 

d5 ester (40 µg/mL) and 50 µL of the standard solution of glycidyl d5 ester (50 µg/mL). 20 98 

mL of ethyl acetate were added. The microwave was launched with the program 99 

described in Figure 1. 100 

The organic layer were filtered through anhydrous sulfate sodium. This layer was 101 

evaporated in a rotary evaporator and under a gentle stream of nitrogen to achieve finish 102 

the evaporation. 103 

For infant formula. The sample was homogenized. 5mL of infant formula was spiked with 104 

50 µL of the stock solution of 3-MCPD d5 ester (40 µg/mL) and 50 µL of the standard 105 

solution of glycidyl d5 ester (50 µg/mL). 20 mL of ethyl acetate were added. The 106 

microwave was launched with the program described in Figure 1. The organic layer 107 

were filtered through anhydrous sulfate sodium. This layer was evaporated in a rotary 108 

evaporator and under a gentle stream of nitrogen to achieve finish the evaporation. 109 

 110 

Procedure for esters cleavage. 600 µL of diethyl ether was added. The mixture was 111 

shaken shortly and was stored for 30 min in a freezer to cool down to -22 to -25°C. If the 112 
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sample was precipitated, 350 µL of  methanolic sodium hydroxide solution was added 113 

and the mixture was shaken shortly. The sample was stored for 16 h to 20 h in a freezer 114 

to cool down to -22 to -25°C. The reaction was stopped by addition of 600 µL of sodium 115 

bromid acid solution and the mixture was shaken shortly. The solution was placed under 116 

a gentle stream of nitrogen to approximatively 100 µL. 600 µL of n-heptane was added 117 

to the mixture and shaken vigorously. The organic layer was discarded. This step was 118 

repeated with 600 µL of n-heptane. The aqueous layer was extracted three times with 119 

600 µL of a mixture of diethyl ether/ethyl acetate (60/40). The organic layers were 120 

combined in a new vial and 50 µL of 1,2-hexanediol (0.5 µg/mL) was added. This 121 

solution was derivatized as described below. 122 

 123 

Derivatization Procedure. 100 µL of phenylboronic acid (20 mg/mL) was added to the 124 

organic layer. The mixture was shaken vigorously and was allowed to stand for 1 hour. 125 

The mixture was evaporated under a stream of nitrogen. The derivatives were extracted 126 

by shaking with 500 µL of iso-octane which were transferred in a microinsert and 127 

analyzed by GC-MS. 128 

 129 

Method Validation. Quantification limits were set according to the European 130 

Recommendation 2014/66118. The recoveries for esters were determined for each 131 

sample using the ratio of the peaks area responses for 1-2-hexanediol and internal 132 

standard. They were set according to the recommendation of COFRAC guidelines21. 133 

For testing the method, samples at with very low concentrations of esters, were used. 134 

The samples were analyzed 10 times and the average concentration allowed us to set a 135 

value of "blank sample". These “blank” sample were spiked at three levels (0.1, 0.5 and 136 

10 mg/kg for oils ; 0.02, 1 and 5 mg/kg for chips and crisps and 0.0025, 0.05 and 0.2 137 

mg/L for infant formula) were analyzed with the described method. All samples were 138 

analyzed at least in duplicate per day and five replicates of these series were performed 139 

by two different operators for 5 days. Recoveries, repeatability and reproducibility (SD), 140 

were determinated from this data series. 141 

The linearity of the method was checked by the analysis of nine standard solutions in the 142 

same conditions as described above. The LOQ was verified by the analysis of the “blank” 143 

sample spiked at the respective levels (0.1 mg/kg for oils ; 0.02 mg/kg for chips and 144 

crisps and 0.0025 mg/L for infant formula).  145 

This method was also validated for mayonnaises and butters using an aliquot of a 146 

certified reference material by AOCS (American Oil Chemists' Society). 147 

 148 

GC-MS Analysis. For this study, a GC-MS Shimadzu QP 2010 Plus and a split/splitless 149 

injection system were used. The separation was performed using a HP 5 MS capillary 150 

column (Agilent - 5% phenyl, 95% dimethylpolysiloxane – 30 m x 0.25 m x 0.25 µm film 151 

thickness). The injector temperature was kept at 250°C and carrier gas was Helium 5.0 152 

with a constant flow of 1.7 mL/min. The transfer line was at 250°C, the ion source at 153 

230°C and the quadrupole at 150°C. The GC column oven was programmed from an 154 

initial temperature of 80°C with holding for 1 min, ramped at 10°C/min up to 200°C and 155 

then ramped at 15°C/min up to 250°C with holding for 15 min. The total run time was 156 

31.33 min. The mass selective detector was used for selected ion monitoring, focusing 157 

on the following ions :  158 

(m/z) ratio of 147 (target) m/z = 196, 198 (qualifiers) for 3-MCPD derivatives. 159 
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(m/z) ratio of 150 and 201 (target) m/z = 201, 203 (qualifiers) for 3-MCPD d5 derivatives. 160 

(m/z) ratio of 147 (target) m/z = 240, 242 (qualifiers) for 3-MBPD derivatives. 161 

(m/z) ratio of 150 (target) m/z = 245, 247 (qualifiers) for 3-MBPD d5 derivatives. 162 

(m/z) ratio of 196 (target) m/z = 196, 198 (qualifiers) for 2-MCPD derivatives. 163 

(m/z) ratio of 147 (target) m/z = 204 (qualifiers) for 1-2-hexanediol derivatives. 164 

 165 

Quantification. The concentrations of esters were calculated as ratio of the peaks area 166 

responses for 3-MCPD (m/z 147) and internal standard (3-MCPD d5, m/z 150) for 167 

calibration standards as well as blank and spiked samples ; as ratio of the peaks area 168 

responses for 2-MCPD (m/z 196) and internal standard (3-MCPD d5, m/z 201) for 169 

calibration standards as well as blank and spiked samples ; as ratio of the peaks area 170 

responses for 3-MBPD (m/z 147) and internal standard (3-MBPD d5, m/z 150) for 171 

calibration standards as well as blank and spiked samples. The respective 172 

concentrations were determinated from a calibration graph constructed by plotting the 173 

peak area ratios for the calibration standards against the amount of esters. 174 

 175 

 176 

RESULTS AND DISCUSSION 177 

 178 

Extraction. Ethyl acetate was incorporated instead of tert-butyl methyl ether although it 179 

is used for determination of concentrations of esters in margarines and butters5,19. Best 180 

extraction yields were achieved with ethyl acetate in particular for infant formula as an 181 

emulsification occurs with tert-butyl methyl ether (yield <30%). 182 

Stirring rods oval-shaped(2 cm in length and 10 to 15 mm in diameter) were selected 183 

rather than rectangular stirring rods (1 cm length and 3 mm in diameter : microwave 184 

supplied with such magnetized bars). Indeed, the observation of agitation with the 185 

integrated camera helped to highlight that the agitation was more effective with this type 186 

of stirring rods. 187 

 188 

Linearity. Linearity of the method was tested from 0 to 5 mg/kg for 2- and 3-MCPD 189 

esters and from 0 to 10 mg/kg for glycidol esters. The calibration was carried out from 190 

the esters of 3-MCPD and 2-MCPD and glycidol with their analogues deuterated 191 

compounds. They were mixed and subjected to all the analytical method. Injections of 192 

solvent blank (isooctane) were added between the injection of standards, especially for 193 

higher concentrations. 194 

A linear model forced by zero was chosen for the calibration curve. Blanks of extraction 195 

and quality internal control (former circuit interlaboratory sample) were injected. Next to 196 

the validation of linearity, the laboratory has set maximum acceptable deviations of 50% 197 

for the first point range and 20% for others. This linearity was checked at each injection 198 

sequence. 199 

 200 

Selectivity. The selectivity of the method was verified by the analysis of a blank which 201 

was spiked with internal standards and subjected to all of the analytical method. The 202 

stability of the blank was checked for each injection sequence. The blank was an extra 203 

virgin oil and it was analyzed following the analytical procedure at the same time as the 204 

samples and the calibration (see Figure 2). 205 
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There are still traces of glycidyl and MCPD esters. However the results obtained on the 206 

blank were set below the detection limit values. Therefore, the value of blank could be 207 

considered as null. 208 

 209 

Limit of detection and quantification. Results of the official analyzes are a very 210 

valuable source of information for authorities to assess the exposure of the population to 211 

various risks or to propose regulatory changes. In this framework, the limits of detection 212 

and quantification are very important. To check LOQ, five duplicate analyzes on “blank” 213 

spiked at LOQ concentration were performed. The data used were the same as those 214 

used for the study of the accuracy. The LOQ was verified by the following formula, in 215 

accordance with NT T90-21022 :  216 

• �̅��� − 2 ∗ 	
��� > �� − 60% ∗ �� 217 

• and �̅��� + 2 ∗ 	
��� < �� − 60% ∗ �� 218 

The detection limit was estimated to : LOQ / 3. The different limits determined in the 219 

context of this study are shown in Figure 3. 220 

 221 

Accuracy. The method validation was performed according to standard NF-T90-21022. 222 

In this standard, it is necessary to verify that the results which are obtained on a material 223 

associated to a reference value in intermediate precision conditions, are acceptable 224 

compared to a maximum acceptable deviation (EMA) which are defined previously and 225 

are fixed by a regulatory or prescriptive requirement or the laboratory. 226 

This standard provides a study of accuracy of the method on at least three levels of 227 

scope. This study leads to the determination of the performance parameters 228 

(repeatability and reproducibility), detection and quantification limits and recovery. To 229 

define the performance of a non-standard methods, the accuracy study is completed by 230 

a study of linearity and accuracy. 231 

This standard was originally written for the field of water. However the principles of 232 

validation and experimental designs are identical to those published in other standards 233 

or validation guides from different fields (wines, contact materials, pesticide ... ). 234 

A full validation report was performed for each matrix. 235 

The accuracy of the method was checked for various foodstuffs like oils, chips, crisps 236 

and infant formulas. The accuracy was investigated on three different levels. This study 237 

led to the determination of different parameters (repeatability and reproducibility), 238 

recoveries, LOQ and LOD. It was performed :  239 

• on samples with very low and known analyte concentrations, which are spiked at 240 

concentration levels studied 241 

• on aliquots of interlaboratory tests. 242 

Target values were matched either to the theoretical values of spiking, or to the value 243 

provided by the results of interlaboratory tests. For each level, the analysis was 244 

performed five times (reproducibility conditions) in duplicate (repeatability requirement) 245 

with different operators. For each duplicate, a new calibration curve was drawn. 246 

NF T90-21022 proposes to verify the accuracy of the method around a reference value 247 

relative to maximum acceptable deviation (EMA) that describes the performance of the 248 

method. The EMA (maximum deviation allowed) which was set by the laboratory, was 249 

60% for the first level and 30% for the others. These values were chosen according to 250 

NF T90-21022 for LOQ and according to Horwitz (EMA% = 2 * 2 * C-0.15) for other levels. 251 
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It is recommanded to graph the accuracy of the method by level according to the 252 

tolerance interval of the relative bias with respect to the maximum acceptable deviation 253 

(EMA) in percentage. This is called " accuracy profile of the method" and the results are 254 

shown in Figure 4-6.  255 

The accuracy of the method was also verified through the analyses of several inter 256 

laboratory tests (17 assays). 257 

 258 

Quality control. The performance of the method was monitored throughout the 259 

validation of the method with different means. Analysis of a blank and a quality control 260 

sample was conducted at each injection sequence. The blank used was extra virgin 261 

sunflower oil. The quality control was an old sample of an inter laboratory test. This is an 262 

oil containing the three esters. These datas were combined on a Shewhart control chart 263 

(see Figure 7-9). 264 

The target value and limits of monitoring and control correspond to the results provided 265 

by the interlaboratory test. Routinely, these charts allow us to detect any drift due to the 266 

measuring apparatus, extraction or the derivatization of compounds. In addition, the 267 

extraction yields were checked for each analysis21. 268 

 269 

In conclusion, due to the simplicity, rapidity and economy, the presented method can be 270 

used as a method for routine analysis of various foodstuffs. The method has the 271 

advantage of minimal sample preparation, low LOQ and good repeatability and 272 

reproducibility for the analysis of these esters. 273 

 274 

 275 

ABBREVIATIONS AND NOMENCLATURE 276 

3-MCPD, 3-monochloropropane-1,2-diol ; 2-MCPD, 2-monochloropropane-1,3-diol ; CV, 277 

coefficient of variation ; GC-MS, gas chromatography-mass spectrometry ; EU, 278 

European Commission ; LOQ, limit of quantification : LOD, limit of detection ; TRC, 279 

Toronto research chemicals ; PBA, phenylboronic acid ; COFRAC, French accreditation 280 

comity ; AOCS, American oil chemists' society ; EMA, maximum deviation allowed 281 

 282 
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TABLES AND FIGURES 
 
 

Step Temp. (°C) Time (hh:mm:ss) 

Fast heating  60  

Hold time  00:10:00 

Cooling 55  

Figure 1. Program of microwave. During all steps, the stirring speed was 600 rpm. 
 
 
 

Blank samples : extra virgin oil 

3-MCPD esters 2-MCPD esters 

 
m/z 147 : 3-MCPD 

esters 

 
m/z 150 : 3-MCPD d5 

esters 

 
m/z 196 et 198 : 2-

MCPD esters 

 
m/z 201 and 203 : 3-

MCPD d5 esters 

Glycidyl esters 

 
m/z 197 : Glycidyl esters 

 
m/z 150 : Glycidyl esters d5 

 

Figure 2 : Study of blank sample 
 
 

Oils 

 3-MCPD esters 2-MCPD esters Glycidyl esters 

LOQ (mg/kg) 0.1 0.1 0.1 

LOD (mg/kg) 0.03 0.03 0.03 

Crips and chips 

LOQ (mg/kg) 0.02 0.02 0.02 

LOD (mg/kg) 0.007 0.007 0.007 

Infant formula 

LOQ (mg/L) 0.0025 0.0025 0.0025 

LOD (mg/L) 0.0008 0.0008 0.0008 

Figure 3 : LOQ and LOD 
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Oils 

Results on 3-MCPD esters 

 
Results on 2-MCPD esters 

 
Results on glycidyl esters 

 
Figure 4 : Accuracy profile for oils. 

 
 

Crisps and chips 

Results on 3-MCPD esters 

 
Results on 2-MCPD esters 

 
Results on glycidyl esters 

 
Figure 5 : Accuracy profile for crisps and chips.  
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Infant formula 

Results on 3-MCPD esters 

 
Results on 2-MCPD esters 

 
Results on glycidyl esters 

 
Figure 6 : Accuracy profile for infant formula.  

 
 

 
Figure 7 : Control charts on 3-MCPD esters (LCS and LCI : Control Limits, LSS and LSI: monitoring limits) 

 
 

 
Figure 8 : Control charts on 2-MCPD esters (LCS and LCI : Control Limits, LSS and LSI: monitoring limits) 
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Figure 9 : Control charts on glycidyl esters (LCS and LCI : Control Limits, LSS and LSI: monitoring limits) 
 

 
 
 
 
 
 
 
 
 
 
 

Page 14 of 15

ACS Paragon Plus Environment

Journal of Agricultural and Food Chemistry



 
 

SUPPORTING INFORMATION 356 

/ 357 

 358 

 359 

CONFLICT OF INTEREST 360 

The authors declare no competing financial interest. 361 

 362 
 363 

Page 15 of 15

ACS Paragon Plus Environment

Journal of Agricultural and Food Chemistry


