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Abstract

Processing contaminants are chemical substances that have not been intentionally added to edible oils or food. These substances 
may be present in edible oils and food as a result of the various stages of its production, processing, transport or environmental 
contamination and may pose a risk to animal and human health. Processing methods include fermentation, smoking, drying, 
refining and high-temperature cooking. Many foods must be cooked to actually be edible and digestible. It also makes them 
tastier. However, baking, frying, grilling or barbecuing, either at home or in manufacturing, can have undesired consequences. 
Besides the loss of some nutrients like vitamins, potentially harmful by-products can develop too. 3-Monochloropropanediol 
(3-MCPD) is an organic chemical compound, one of the heat- and process-induced food contaminants, belonging to a group 
called chloropropanols and is considered as the most toxic processing contaminant emerging during thermal treatments in 
refining of edible oils. The aim of this review was to provide an overview of current knowledge regarding 3-MCPD in edible 
oils for further research, in order to reduce its contents in consumed foodstuffs.    
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Abbreviations: 3-MCPD: 3-Monochloropropanediol; 
TAG: Triacylglycerol; UV: ultraviolet; FT-IR: Fourier transform 
infrared; EC: European Commission; SCF: Scientific 
Committee on Food; BW: body weight; TDI: tolerable daily 
intake; JECFA: Joint WHO/FAO Expert Committee on Food 
Additives; EFSA: European Food Safety Authority; IARC: 
International Agency for Research on Cancer; GC-MS/
MS: gas chromatography tandem triple quadrupole mass 
spectrometry; IS: internal standard.

Introduction

 Emergence of 3-MCPD in Refined Edible Oils

Refining of edible oils at a high temperature generates 
by-products such as 3-monochloropropanediol (3-MCPD) 
which is the most toxic food contaminant formed during 

thermal processing of refined edible oils [1,2]. 3-MCPD exists 
either in free form, or in bound form called 3-MCPD esters 
in different foodstuffs that has passed through cooking 
processes using cooking oil. In order to produce safe edible 
oils, usage of new materials and methods in refining process 
are explored, and the effects of by-products generated 
during this process on human body are closely monitored 
[3]. Deodorization is a key step during oil refining for overall 
oil quality, especially the deodorization temperature is the 
direct and critical parameter [4]. The UK Committee on 
Carcinogenicity of Chemicals in Food, Consumer Products 
and the Environment [5] has considered the carcinogenicity 
of 3-MCPD and its fatty acid esters. European Commission 
[6], the regulatory arm of the European Union, namely the 
European Commission (EC) Scientific Committee on Food 
(SCF), adopted the tolerable daily intake (TDI) of 2 µg/
kg body weight (bw) for 3-MCPD. Furthermore, The Joint 
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WHO/FAO Expert Committee on Food Additives (JECFA) also 
recommended a provisional maximum TDI of 2 µg/kg bw 
for 3-MCPD [7,8]. In March 2016, the European Food Safety 
Authority (EFSA) issued an extensive report warning about 
the possible health consequences of contaminants created 
during the processing of edible oils [9,10]. EFSA specifically 
identified 3-MCPD, which was classified as a possible human 
carcinogen by International Agency for Research on Cancer 
(IARC) and documented in IARC Monographs [11]. Finally, 
there is a growing concern associated with release of bound 
3-MCPD into its free form that results in bioavailability and 
absorption of 3-MCPD into human body fluids and tissues, 
e.g. human breast milk, which requires additional studies 
[12-14].

Health Risks of 3-MCPD 

Kidney is one of the primary target organs for 3-MCPD 
[15] with induced renal injury [16], toxicity in kidney, lung, 
testis, and heart [17-19], immunosuppressive activity [20], 
toxic effects on male reproduction [21] and is regarded as 
a rat carcinogen inducing testicular lesions, Leydig-cell 
and mammary gland tumors in males and kidney tumors 
in both genders [22,23]. Combination of histopathological 
examination, clinical chemistry and metabolomics analyses 
resulted in systematic comprehensive assessment of the 
long-term toxicity of 3-MCPD, where renal tubular hyaline 
cast accumulation with epithelium cell degeneration and 
potential kidney toxicity were major histopathological 
changes with thin appearance and subdued behavior 
accompanied by decreases in bw. Microscopy revealed 
tubular basophilia in kidneys, exfoliated degenerative germ 
cells in the lumen of the seminiferous tubule of testes, 
vacuolation in the brain, axonal degeneration of sciatic nerve 
and cardiomyopathy [24,25].

Determinaton of 3-MCPD in Refined Edible Oils

Almoselhy, et al. [26,27] recently carried out an 
investigation of 3-MCPD in some edible oils using optimized 
recent updated and validated enhanced swift analytical 
indirect method for determining 3-MCPD in consumed edible 
oils (palm, palm olein, extra virgin olive, corn, sunflower, 
soybean, olive pomace) and blend of 5% sunflower oil 
with extra virgin olive oil, using selective and sensitive 
gas chromatography tandem triple quadrupole mass 
spectrometry (GC-MS/MS) employing deuterated 3-MCPD 
(3-MCPD-d5) as internal standard (IS) during the entire 
analytical procedure to obtain precise and accurate results. 
The occurrence and variation of 3-MCPD contents among the 
studied oils were found in different levels ranged from 93.1 
µg/kg to 5634.1 µg/kg oil samples, with maximum value 
assigned for palm oil (5634.1 µg/kg) followed by palm olein 
(5576.8 µg/kg), corn oil (2447 µg/kg), sunflower oil (1817.3 

µg/kg), soybean oil (1486.1 µg/kg), olive pomace oil (572.5 
µg/kg), blend of 5% sunflower oil with extra virgin olive oil 
(210 µg/kg) and extra virgin olive oil (93.1 µg/kg). Palm, 
palmolein, corn, sunflower and soybean oils were found out 
of the limits recommended by the Commission Regulation 
(EU) 2020/1322, whereas, extra virgin olive oil, olive pomace 
oil and blend of 5% sunflower oil with extra virgin olive oil 
were in compliance and within the limits recommended by 
EU. Moreover, 3-MCPD content could be used as a good tool 
for authenticity and quality of genuine extra virgin olive oil.

Conclusion

3-MCPD as the emerging most toxic processing 
contaminant in refined edible oils was discussed. 3-MCPD 
forms during thermal processing of edible oils and it exerts 
carcinogenic or mutagenic effects on human and animal 
health. The data reported here provide new insights in 
relation to the processing contamination in edible oils and 
may stimulate further studies on the mitigation of these 
chemical contaminants.
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