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FEDIOL overview of 
available analytical methods for  

MCPD esters and glycidyl esters determination 
 

The present document provides an overview of available analytical methods at a given 
time and should not be interpreted differently. It will be updated in the future to take 
new developments into account. 

 
1. Direct Methods 
 

A direct method seems to be at a first glance the best way for determination of 2-
MCPDE, 3-MCPDE and GE using Liquid chromatography–mass spectrometry (LC-MS).  
An official method to be named in this context is the direct determination of GE (AOCS-

JOCS Cd 28-10). 
 

However, as indicated in literature1, the fact that the compounds exist in oils as fatty 
acid esters significantly complicates their analyses. This can lead to a possibility of 7 
different glycidyl esters to quantify, in case 7 fatty acids occur in combination in an 

edible oil.  
 
For MCPD esters2, this could lead to 7 possible 2-MCPD mono-esters and 14 possible 

3-MCPD mono-esters to quantify, as well as 28 possible di-esters for 2-MCPD and 3-
MCPD3. This would hence lead to up to 84 different compounds to target to ensure the 
detection of all possible fatty acid combinations. 

 
For an accurate determination of 3-MCPD and GE, several internal standards are 
further needed, which in many cases are not commercially available and would have 

to be synthesized by the lab itself  
 
Hence, for High Performance Liquid Chromatography Mass Spectometry (HPLC-MS) 

presently, the main difficulty is the high number of compounds to be identified and 
quantified and the limited availability of internal standards. This increases the 
uncertainty of the method and limits the number of laboratories applying such a 

method. 
 
2. Indirect Methods 

Indirect Methods are based on the cleavage of the 2-MCPDE, 3-MCPDE and GE and the 
quantification of the free analytes 2-, 3-MCPD and glycidol. 
 

                                                 
1 Macmahon, S. (2018). MCPD Esters and Glycidyl Esters: A Review of Analytical Methods. 10.1016/B978-0-08-
100596-5.21826-X. 
2 Ibidem footnote 1. 
3 Dubois, M., Tarres, A., Goldmann, T., et al., (2012). Comparison of indirect and direct quantification of esters 
of monochloropropanediol in vegetable oil. J. chromatogr. A. 1236, 189-201. 
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Commercially available 2-MCPD, 3-MCPD and GE stable isotopes labelled standards 
are used as internal standards. 

 
2.1. Official indirect methods 
At the moment, 3 indirect methods are mainly used and have also been recommended 

to be used by the European Commission in 20144: 
 

1) AOCS Official Method Cd 29a-13, Approved 2013: 2- and 3-MCPD Fatty Acid 

Esters and Glycidol Fatty Acid Esters in Edible Oils and Fats by Acid 
Transesterification. Identical to ISO method 18363-3:2017. 

 

The method is based on the conversion of glycidyl esters into 3-MBPD esters and a 
slow acidic catalysed release of MCPD and MBPD from the ester derivatives, also known 
as the “Unilever method”.  

 
It can be described as follows5: “(…) (It) is based on a single sample preparation in 
which glycidyl esters are converted into MBPD monoesters, and subsequently, the free 

analytes 2-MCPD, 3-MCPD, and 3-MBPD are released by a slow acid-catalysed 
alcoholysis. The 3-MBPD represents the genuine content of bound glycidol. (…) (It) 
can be applied for the determination of ester bound 2-MCPD, 3-MCPD, and glycidol in 

refined and non-refined vegetable oils and fats. (…) (It) can also apply to animal fats 
and used frying oils and fats, but a validation study has to be undertaken before the 
analysis of these matrices. The method is suited for the analysis of bound (esterified) 

analytes, but if required, (…) (it) can be also performed without the initial conversion 
of glycidyl esters. In such a setup, both free and bound 2-MCPD and 3-MCPD forms 
would be included in the results and the amount of free analytes can be calculated as 

a difference between two determinations performed in both setups. However, as of 
publication, research has not shown any evidence of a free analyte content as high as 
the esterified analyte content in vegetable oils and fats.” 

 
The procedure takes 16 hours at 40°C followed by a derivatization with Phenylboronic 
acid (PBA) and GC-MS determination. 2-MCPD, 3-MCPD and 3-MBPD are quantified 

together in one step. 
 

2) AOCS Official Method Cd 29b-13, Approved 2013: Determination of Bound 

Monochloropropanediol- (MCPD-) and Bound 2,3-epoxy-1-propanol (glycidol-) 
by Gas Chromatography/Mass Spectrometry (GC/MS). Identical to ISO method 
18363-2:2018. 

 
This method, also known as the “3 in 1” method, is based on a slow alkaline release 
of MCPD and glycidol from the ester derivatives. It can be described as follows6: 

“Glycidol is subsequently converted into 3-MBPD. (…) (It) consists of two sample 
preparations that differ in the use of internal standards. Both parts can be used for the 

determination of ester bound 2-MCPD and 3-MCPD. In part A, a preliminary result for 
ester bound glycidol is determined. Because the 3-MCPD present in the sample will be 
converted to some minor extent into induced glycidol by the sample preparation, part 

B serves to quantify this amount of induced glycidol that is subsequently subtracted 
from the preliminary glycidol result of part A. By the use of isotopically labelled free 
MCPD isomers in assay A and isotopically labelled ester bound 2-MCPD and 3-MCPD in 

                                                 
42014/661/EU: Commission Recommendation of 10 September 2014 on the monitoring of the presence of 2 and 
3-monochloropropane-1,2-diol (2 and 3-MCPD), 2- and 3-MCPD fatty acid esters and glycidyl fatty acid esters in 
food; https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32014H0661 
5 https://www.iso.org/obp/ui/#iso:std:iso:18363:-3:ed-1:v1:en 
6 https://www.iso.org/obp/ui/#iso:std:iso:18363:-2:ed-1:v1:en  

https://www.iso.org/obp/ui/#iso:std:iso:18363:-3:ed-1:v1:en
https://www.iso.org/obp/ui/#iso:std:iso:18363:-2:ed-1:v1:en


  22 March 2019 

  18SAF147 

3 

part B, the efficiency of ester cleavage can be monitored. Both assays A and B are 
based on the release of the target analytes 2-MCPD, 3-MCPD, and glycidol from the 

ester bound form by a slow alkaline catalysed alcoholysis in the cold. In both sample 
preparations, the reaction is stopped by the addition of an acidified concentrated 
sodium bromide solution so as to convert the unstable and volatile glycidol into 3-

MBPD which shows comparable properties to 3-MCPD with regard to its stability and 
chromatographic performance. Moreover, the major excess of bromide ions prevents 
the undesired formation of 3-MCPD from glycidol in the case of samples which contain 

naturally occurring amounts of chloride. The second part of the proposed standards is 
applicable for the determination of ester bound 3-MCPD, 2-MCPD, and glycidol in 
refined and unrefined vegetable oils and fats. The second part of the proposed 

International Standards can also apply to animal fats and used frying oils and fats, but 
a validation study has to be undertaken before the analysis of these matrices. Any free 
analytes within the sample would be included in the results, but the standard does not 

allow the distinction between free and bound analytes. However, as of publication, 
research has not shown any evidence of a free analyte content as high as the esterified 
analyte content in vegetable oils and fats.” 

 
The procedure takes 16 hours at -22°C, where the cleavage is stopped with acidic 
Sodium Bromine Solution, which as in the “Unilever Method” forms 3-MBPD. Using GC-

MS, 2-MCPD and 3-MCPD after derivatization with PBA are also quantified together in 
one step. 
 

3) AOCS Official Method Cd 29c-13, Approved 2013: Fatty-acid-bound 3-
chloropropane-1,2,diol (3-MCPD) and 2,3-epoxi-propane-1-ol (Glycidol), 
Determination in Oils and Fats by GC/MS (Differential Measurement). Identical 

to ISO 18363-1:2015 
 
This method, also known as “DGF C-VI 18 (10)” is based on a fast alkaline catalysed 

release of 3-MCPD and glycidol from the ester derivatives.  
 
It can be described7 as follows: “Glycidol is subsequently converted into induced 3-

MCPD. It consists of two parts. The first part (A) allows the determination of the sum 
of ester bound 3-MCPD and ester bound glycidol, whereas the second part (B) 
determines ester-bound 3-MCPD only. Both assays are based on the release of the 

target analytes 3-MCPD and glycidol from the ester bound form by an alkaline 
catalysed alcoholysis carried out at room temperature. In part A, an acidified sodium 
chloride solution is used to stop the reaction and subsequently convert the glycidol 

into induced 3-MCPD. Thus, 3-MCPD and glycidol become indistinguishable in part A. 
In part B, the reaction stop is achieved by the addition of an acidified chloride-free salt 
solution which also prevents the conversion of glycidol into induced MCPD. Thereby, 

part B allows the determination of the genuine 3-MCPD content. Finally, the glycidol 
content of the sample is proportional to the difference of both assays (A – B) and can 

be calculated when the transformation ratio from glycidol to 3-MCPD has been 
determined. This part of ISO 18363 is applicable for the fast determination of ester 
bound 3-MCPD and glycidol in refined and non-refined vegetable oils and fats. This 

part of ISO 18363 can also apply to animal fats and used frying oils and fats, but a 
validation study has to be undertaken before the analysis of these matrices. Any free 
analytes within the sample would be included in the results, but the standard does not 

allow the distinction between free and bound analytes. However, as of publication, 
research has not shown any evidence of a free analyte content as high as the esterified 
analyte content in refined vegetable oils and fats. In principle, this part of ISO 18363 

                                                 
7 https://www.iso.org/obp/ui/#iso:std:iso:18363:-1:ed-1:v1:en    

https://www.iso.org/obp/ui/#iso:std:iso:18363:-1:ed-1:v1:en  
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can also be modified in such a way that the determination of 2-MCPD is feasible, but 
again, a validation study has to be undertaken before the analysis of this analyte.” 

 
As it is a very fast method, it is particularly suitable for production laboratories 
requiring short turnaround times. 

 
4) Conclusions  

 

All 3 official methods have proven their reliability in several proficiency tests8. All 3 
have their pros and cons. 
 

On the one hand, the AOCS Cd 29a-13 (Unilever method) and the AOCS Cd 29b-13 (3 
in 1) methods can provide very accurate results for GE with the advantage of being 
able to quantify the glycidol itself (as 3-MBPD). On the other hand, both have quite 

long analysis times (over 16 hours). 
 
The AOCS Cd 29c-13 (DGF C-VI 18 (10)) has the advantage of having very short 

analysis time (1.5-2 hours). One disadvantage of this method is that quantification of 
GE is achieved by subtracting the measurement from two sub-samples, instead of 
calculating it on its own.  

 
3. More recent developments  
 

3.1. Automated Methods 
Automation developments in analytics have increased significantly during the last 
years. Sample preparation robots are nowadays capable of performing several sample 

pre-treatment tasks like weighing-in, liquid-liquid-extraction, evaporation, 
derivatization, freezing-out, etc. 
 

Sample preparation robots can be purchased as stand-alone instruments, where the 
extracts have to be carried to the measuring instrument manually, or as complete 
systems, which allow a parallel sample pre-treatment and measurement for an 

effective time gain. Automation not only allows time gain, but also minimizes the risk 
of human errors. Coupled together with new available barcode-reader, the risk of 
typing errors are also minimized. 

 
Many automation companies offer ready-to-use or tailor made solutions for 3-MCPDE 
and GE analysis. All 3 of the official indirect AOCS/ISO methods mentioned under 

section 2 can be automated. The AOCS Cd 29c-13 (DGF C-VI 18 (10)) can be easily 
automated with nowadays sample preparation robots and is being used in many 
production laboratories, due to the short sample pre-treatment time. The AOCS Cd 

29a-13 (Unilever method) and AOCS Cd 29b-13 (3 in 1) are also automatable. 
Optimization works are performed by robot manufacturers to minimize the 

reaction/freeze-out time in these methods. 
 
3.2. Ralph Zwagerman / Pierre Overman method 

Ralph Zwagerman and Pierre Overman9 have developed a new 3-in-1 method, similar 
to the AOCS Cd 29a-13 and AOCS Cd 29b-13 methods highlighted above, using a 
single step sample preparation. This method is solving the possible GE overestimation.  

                                                 
8 https://www.aocs.org/stay-informed?ItemNumber=1011  
9  Zwagerman, R. and Overman, P. (2019), Optimized Analysis of MCPD‐ and Glycidyl Esters in Edible Oils and 

Fats Using Fast Alkaline Transesterification and13C‐Correction for Glycidol Overestimation: Validation 

Including Interlaboratory Comparison. Eur. J. Lipid Sci. Technol.. doi:10.1002/ejlt.201800395 
https://onlinelibrary.wiley.com/doi/full/10.1002/ejlt.201800395 

https://www.aocs.org/stay-informed?ItemNumber=1011
https://onlinelibrary.wiley.com/doi/full/10.1002/ejlt.201800395
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It applies fast alkaline cleavage of the esters, comparable to AOCS Cd29c-13, while 

possible GE overestimation caused by glycidol induced during cleavage is corrected by 
the usage of a carbon-13 labelled internal standard. This automated method seems to 
be very promising thanks to the very short time required per analysis and the minimal 

number of lab personnel needed. Recently, the method has been further optimised so 
that over 30 oil samples can be processed per day. 
 

This method is associated to relatively high costs for some deuterated and 13C-labelled 
standards. However, the use of such standards helps ensure accurate GE 
quantification, independent on the matrix. Furthermore, because GE is quantified 

directly as opposed to a differential measurement, it avoids the generation of false 
positive results. It also allows the quantification of all three components with a single 
sample preparation, which results in shorter turnaround and costs savings, which are 

more significant than the cost of the labelled standards alone. 
 
4. Conclusions 

 
Based on FEDIOL members experience, indirect methods have widely gained 
acceptance in routine laboratories due to their better feasibility compared to direct 

methods. Direct methods will nevertheless still be used, especially at research level. 
 
The indirect AOCS Official methods Cd 29a-13, Cd 29b-13 and Cd 29c-13 are offered 

by most of the commercial and production laboratories. Many production laboratories 
use the Cd 29c-13 due to the short analysis time, while commercial laboratories offer 
also the Cd 29a-13 and Cd 29b-13, where glycidol can be quantified more accurately. 

 
More recent indirect methods are available and have also provided good results in 
proficiency testing and have their raison d'être, whilst not officially approved by AOCS 

so far. 
 
New developments in the field of automation have taken place and are quite promising. 

Automatic sample pre-treatment is seen as leading to faster and more accurate results 
for the 3-MCPDE and GE analysis. It represents a possible additional option of a sample 
preparation method. It is recommended that laboratories using such additional step 

should thoroughly validate the functioning of their automated system vs. an existing 
validated method as highlighted above. 
 

Work to improve the time needed to perform will still continue, by using existing 
methods as a basis for optimization. New analytical approaches for 3-MCPDE and GE 
can also be expected in the near future. 

 
The importance in the development of new analytical methods is to increase the 

reliability, the precision, the quantification limits and the time to get the results. 
Automation will be one of the key steps to decrease processing time and lower at the 
same time the Limit of Quantification (LOQ) and improve the precision by limiting 

human errors. 
 
FEDIOL will continue monitoring analytical developments very closely and update this 

document on a regular basis. 
 
 

*** 
 


