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Introduction 

Formation

To improve consumer acceptance, edible oils are industrially processed by removing 
or modifying components that can negatively impact appearance, taste, and shelf 
stability. However, undesirable chemical changes can take place during the refin-
ing process. Fatty acid esters of 3-chloro-1,2-propanediol (3-MCPD), 2-chloro-1,3-
propanediol (2-MCPD), and glycidol are heat-induced contaminants that are not 
present in virgin unrefined oils, but they can be produced during high temperature 
deodorization (Hrnčiřík and van Duijn, 2011; Matthäus et al., 2011; Pudel et al., 
2011). There is evidence that 3-MCPD esters are formed from iron chloride and/or 
natural organochlorines present in native oils (Destaillats et al., 2012a, 2012b; Nagy 
et al., 2011). The predominant precursors and formation pathways for MCPD and 
glycidyl esters will be thoroughly reviewed in Chapter 1 of this text.

Mitigation

The fact that MCPD esters begin forming at 200 ºC makes mitigation difficult, as 
deodorizations are generally run at temperatures greater than 200 ºC (Destaillats, 
2012a). Many factors contribute to the formation of MCPD and glycidyl esters. The 
growing conditions and harvesting of the palm fruit can have profound affects on an 
oil’s capacity to form contaminants. The extraction, washing, and processing steps 
that take place prior to deodorization can influence the formation of these toxicants 
during deodorization, as can the specifics of the deodorization scheme. It is also pos-
sible to remove MCPD and glycidyl esters using appropriate adsorbents or enzymes.  
Chapter 2 of this text discusses the optimization of all of these steps to reduce and 
eliminate the presence of these contaminants in refined edible oils. 

Analysis

Processed edible oils are commonly consumed worldwide and used in the produc-
tion of infant formula, which highlights the need for accurate analytical methodology 
for their detection. Indirect approaches, requiring ester hydrolysis followed by de-
rivatization and analysis by GC-MS, were the first methods developed to detect these 
MCPD and glycidyl esters (Divinová et al., 2004; Weiβhaar, 2008; Zelinková et al., 
2006). It was these early methods that brought attention from industry and regula-
tors to the presence of these contaminants in refined oils. However, the use of base-
catalyzed hydrolyses was shown to be potentially unreliable, raising questions about 
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the  trustworthiness of indirect methodology (Haines et al., 2011; Kaze et al., 2011). 
Recently, the quality of these methods has improved greatly, and the application of 
indirect methodology to the analysis of MCPD and glycidyl esters will be covered in 
Chapter 3.  

Partly in response to the lack of dependability of early indirect methodology, di-
rect methods were developed for glycidyl esters (GEs) and 3-MCPD esters, through 
which contaminants are analyzed intact as they occur in processed oils. However, 
there are a number of issues that must be considered in the application of direct meth-
odology; Chapters 4 and 5 will review the analysis of intact esters. 

Toxicology

Free glycidol, 3-MCPD, and 2-MCPD all pose concerns from a food safety per-
spective. Glycidol is a genotoxic carcinogen that is probably carcinogenic to humans 
(IARC, 2000). According to the Federal Institute for Risk Assessment in Berlin, Ger-
many (BfR), it should be kept at concentrations as low as are reasonably achievable 
in food (Bakhiya et al., 2011). Negative effects on kidneys and reproductive systems 
have been seen from 3-MCPD in toxicological studies (Cho et al., 2008), and it was 
classified by the European Scientific Committee on Food as a nongenotoxic threshold 
carcinogen (European Commission, 2001). There are toxicological concerns shown in 
limited studies related to 2-MCPD; one unpublished report showed that high doses 
affected striated muscles and the heart, as well as the kidneys and the liver in rats 
(Schilter et al., 2011). 

Most toxicological work has been with the free forms of these contaminants, 
whereas research on the fatty acid esters that are formed in deodorized oils has begun 
more recently (Bakhiya et al., 2011; Buhrke et al., 2011; Schilter et al., 2011). Recent 
in vivo toxicological work has demonstrated that free 3-MCPD is liberated from the 
diester form in rats (Abraham et al., 2013) as is glycidol from glycidyl esters (Appel 
et al., 2013). Initial risk assessments conducted by the BfR have concluded that us-
ing a worst-case scenario, infants who are fed only commercial infant formulas could 
potentially ingest amounts of glycidol and 3-MCPD exceeding the Joint Food and 
Agriculture Organization/World Heath Organization Expert Committee on Food 
Additives (JECFA) recommended maximum tolerable daily intake levels (Buhrke et 
al., 2011). The full results of all toxicological studies on these contaminants will be 
discussed in Chapters 6 and 7. 

Regulations

In response to the detection of 3-MCPD in hydrolyzed vegetable protein, soy sauce, 
and baked goods, many international organizations addressed the issue in those ma-
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trices. The JECFA recommended a maximum tolerable daily intake for 3-MCPD 
of 2 μg/kg body weight per day (WHO, 2002). The European Commission estab-
lished a maximum level of 20 μg/kg (ppb) for 3-MCPD in hydrolyzed vegetable 
protein and soy sauce (European Commission, 2006), which was also adopted by 
Food Standards Australia New Zealand (FSANZ) (FSANZ, 2003). The Codex Ali-
mentarius adopted a maximum level of 400 μg/kg (ppb) in liquid condiments con-
taining  acid-hydrolyzed vegetable protein (excluding naturally fermented soy sauce) 
in 2008 (Codex Alimentarius, 2012). The U.S. Food and Drug Administration 
Compliance Policy Guide states that hydrolyzed vegetable protein that contains 
3-MCPD at levels greater than 1 μg/g (ppm) is not generally recognized as safe 
(GRAS), and therefore is an unsafe food additive (U.S. Food and Drug Adminis-
tration, 2008). Health Canada also set a maximum contaminant concentration of 
1 μg/g (ppm) in Asian-style sauces (Health Canada, 2012). No specific regulations 
regarding MCPD or glycidyl ester concentrations in processed oils have been pub-
lished at this time.
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