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introDuction

The 3-Monochloropropane-1,2-diol (3-MCPD) esters have been detected 
in thermally treated foodstuff such as breadcrumbs and crusts (Doležal et 
al., 2009), coffee (Doležal et al., 2005), baked cereal products (Hamlet 
and Sadd 2004) and doughnuts and french-fries (Svejkovská et al., 2004). 
These esters are part of a larger group of chloropropanediols (CPD). 
Surprisingly, the compound has also been detected in infant and baby food 
(Zelinková et al., 2009) which triggered the demand for investigation by 
the general public since the compound is suspected to be a non-genotoxic 
carcinogen (JECFA, 2002). 

The presence of the esters in 
refined oil was first published by 
Gardner et al. (1983), who detect-
ed high amounts of the compound 
in adulterated Spanish rapeseed oil. 
Since then, several authors have 
reported the presence of the com-
pound in other types of refined 
vegetable oils (Zelinková et al., 
2006; Seefelder et al., 2008; Hrn-
cirik 2009; Weisshaar, 2009). The 
level of 3-MCPD esters is either not 
detected or only present in trace 
amounts in crude or virgin oils, 
but the level is higher in refined 
oils (0.5 to 6 mg kg-1) (Hoenicke, 
2009). 

tion of 3-MCPD esters in refined 
palm oil. It is important to iden-
tify the root cause of this issue so 
that strategies for mitigation action 
could be drawn. This issue is a pri-
ority to MPOB and a project team 
has been assigned to address this 
problem. 

mechanism

The formation of 3-MCPD esters 
could only be effected in the pres-
ence of chlorides in any food ma-
trix, presence of lipids, and at high 
thermal processing conditions. In 
oils and fats, these components 
and factors are clearly available, 
although chlorides may not have 
been so evident until now. As for 
palm oil being more susceptible to 
the formation of chloropropane-
diol esters, the reason has not been 
clearly elucidated, although it could 
be due to higher levels of diacylg-
lycerols (DAG) compared to other 
oils (Hamlet et al., 2011).

The mechanism for the forma-
tion of 3-MCPD esters, outlined by 
Svejkovska  et al. (2006), shows 
that all lipids  can undergo nucleo-
philic substitution of the acyl group 

Heat has been identified as the 
major cause (Pudel et al., 2011, 
Zelinková, 2006) whilst monoacyl-
glycerol, diacylglycerol and chloride 
are thought to be direct precursors 
for the formation of 3-MCPD es-
ters (Larsen, 2009; Franke et al., 
2009).  Zelinková et al. (2006) 
reported that heat treatment of 
oilseed during refining could influ-
ence the formation of 3-MCPD.  
The actual mechanism of its forma-
tion was not fully understood but 
it was suggested that in addition to 
the thermal treatment, it could also 
be due to enzyme catalysed reac-
tion.

The objective of this paper is to 
provide an overview with regard to 
the factors that lead to the forma-
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by chloride anion, thus forming  
chloropropanediol esters. Cyclic 
acyloxonium intermediates may be 
formed in the process. In the pres-
ence of Lewis acids or under acidic 

conditions, cyclic acyloxonium ions 
may be formed from triacyglycerols 
(TAG) and DAG during refining. Al-
though 3-MCPD esters are preva-
lent, 2-MCPD esters can also be 
expected. Hamlet et al. (2011) and 
Rahn et al. (2011) have elaborated 
comprehensively on the possible 
mechanisms of the process.

Precursors

chlorine/chlorides in oils

In order for CPD esters to be 
formed, chlorides or compounds 
containing chlorine must be pres-
ent in the system. Hrncirik and Van 
Duijin (2011) evaluated samples 
of refined palm and rapeseed oils 
and found chlorides in the range 
of 3.2 to 9.8 mg kg-1. Chlorides in 
palm oil are not found to be ex-
cessively higher than that of rape-
seed oils. However, Franke et al. 
(2009) compared the formation of 
3-MCPD esters in chemically re-
fined palm oil and rapeseed oil and 
concluded that the lower esters 
content in rapeseed oil could be 
due to the lower level of chlorine 
in the rapeseed oil than in palm 
oil. Work by Nagy et al. (2011) 
using mass-defect filtering isotope 
signatures and mass spectrometry 
revealed the presence of a pool of 
complex organic chlorinated sub-
stances. 

It appears that some of these 
compounds can be formed, while 
others disappear during oil produc-
tion chain. Inorganic chlorides of 
calcium, magnesium and iron are 
also detected. This work also re-
vealed that during heat treatment 

some of the chlorine donors might 
be formed and finally decomposed. 
The different rates of formation 
and decomposition of the chorine 
donors might be the reason as to 
why  studies carried out in MPOB 
on total chlorides vs. amount of 
3-MCPD formed upon heating on 
crude palm oil (CPO) revealed no 
correlation between the two (Fig-
ure 1).

Free Fatty acids (FFa) and Partial 
acylglycerol

FFA, DAG and monoacylg-
lycerols (MAG) are formed during 
hydrolysis of TAG. Although these 
lipids are the precursors for the 
formation of CPD esters, yet, posi-
tive correlations may not be very 
easily established. This could be 
due to the complex factors such as 
the type of chlorides (organic and 
inorganic) present in the oil and 
the minimum amount of available 
chlorine donors that led to the for-
mation of the esters. The different 
refining conditions applied by re-
finers, such as different types and 
dosages of bleaching earth, also 
complicate the direct establishment 
of the higher levels of contribut-
ing factors (FFA, DAG or MAG) to 
the formation of higher amount 
of 3-MCPD esters. CPO samples 
with various levels of FFA which 
were subjected to heat treatment 
at 260°C for 2 hr under vacuum, 
showed formation of 3-MCPD 
esters ranging from 0.5 to 2 mg 
kg-1. The effect of the level of FFA 
on the formation of the esters 
could not be established due to 
poor correlation (Figure 2). 

Hrncirik (2009) has also tried 
to show the effect of FFA and DAG 
on the formation of 3-MCPD es-
ters (Figure 3). Enzymatic hydro-
lysis was applied to increase the 

FFA and DAG contents in the oil 
samples. Despite the increase in 
the FFA and DAG content, there 
was a slight drop in the 3-MCPD 
esters content as observed in 
sample P2. Hrncirik (2009) con-
cluded that DAG and FFA may 
play a role in the formation of the 
compound but the results were in-
conclusive due to poor correlation 
between the two factors (FFA and 
DAG) and 3-MCPD esters. A clear 
link between the precursor (DAG) 
could not be established by Stadler 
(2009) too. In a later study by Hrn-
cirik and Ermacora (2010), the au-
thors concluded that partial acylg-
lycerols seem to be involved in the 
formation of 3-MCPD esters, but 
they are not the critical factor de-
termining the final levels. 

reFining conDitions

The temperature of refining, par-
ticularly that of deodorisation has 
been suggested as the factor caus-
ing the formation of 3-MCPD es-
ters in oils and fats (Franke, 2009; 
Hrncirik, 2009; Hrncirik and Van 
Duijin, 2011). Further studies by 
MPOB have established that acid 
degumming and acid activated 
clays, especially of low pH can con-
tribute to the formation of the es-
ters (Ramli et al., 2011). The stud-
ies were conducted on a 200 kg 
per batch pilot-scale refining plant. 
A comparison of the effect of acid 
degumming with water degum-
ming and evaluation of acidity of 
bleaching earths on the formation 
of 3-MCPD esters were performed. 
The authors reported that water 
degumming led to the lowest for-
mation of the esters as compared 
to acid degumming (Figure 4). It 
was also observed that there was a 
strong correlation between acid ac-
tivated clay with the formation of 
the esters (Figure 5). Furthermore, 
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Figure 1. The effect of total chloride content on the formation of 3-MCPD esters in CPO heated under 
vacuum at 260°C for 2 hr.

Figure 2. Heated CPO samples with various levels of FFA.
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                      Source: Ramli et al. (2011).

Figure 4. Effect of water degumming and phosphoric acid degumming on the formation of 3-MCPD esters. 

Source: Ramli et al. (2011).

Figure 5. Correlation between acidity of bleaching clays with 3-MCPD esters content in refined oil for standard process 
(0.1% H3PO4 for degumming).

                         Source: Hrncirik (2009).

Figure 3. Effect of FFA and DAG on the formation of 3-MCPD esters.
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the amount of the acid also caused 
a higher formation of the esters. 
The authors concluded that besides 
the high deodorisation tempera-
ture, the acidity of bleaching clays 
and the dosage of phosphoric acid 
are also contributing factors to the 
formation of 3-MCPD esters. Even 
though the application of water 
degumming and natural bleaching 
clay could reduce the formation of 
the esters, the colour of the refined 
oil exceeded the Palm Oil Refiners 
Association of Malaysia (PORAM) 
specification (3Red maximum), as 
shown in Table 1.

A similar study was reported 
by Pudel et al. (2011) using a lab-
oratory scale experiment to simu-
late the actual chemical refining 
condition. The authors compared 
the formation of the esters in CPO 
without prior pre-treatment (de-
gumming and neutralisation) with 
pretreated CPO. The CPO with-
out pre-treatment contained the 
highest level of the esters.  It was 
reported that water degumming 
(5% distilled water w/w) led to 
the lowest 3-MCPD esters forma-
tion in the refined oil. The authors 
also varied the deodorisation tem-
perature and reported that 240°C 
was an ideal temperature since 
the formation of the esters was 
negligible. Both groups, Ramli et 
al. (2011) and Pudel et al. (2011) 

showed that correct degumming 
is part of the essential steps which 
would help in reducing formation 
of the undesirable contaminant.

Hrncirik (2009) monitored the 
formation of 3-MCPD esters by 
comparing the effect of chemical 
and physical refining and reported 
that a lower level of 3-MCPD esters 
was detected in refined oil from the 
former method. However, Stadler 
(2009) reported that the difference 
in the formation of 3-MCPD esters 
between the two processes (chemi-
cal and physical refining) was insig-
nificant. Although it is difficult to 
explain the discrepancies in results 
by both groups of researchers, re-
finers have in general found that 
chemical refining results in lower 
CPD esters formation. This may 
be due to the removal of acidity in 
the degummed oil, as well as to the 
removal of precursors during alkali 
treatment and subsequent wash-
ing, and to the lower temperature 
of deodorisation.

conclusion

The formation of CPD esters in oils 
and fats, particularly in palm oil is 
a complex integration of multiple 
factors ranging from chlorine do-
nors, levels of FFA, DAG, acidic 
conditions of refining and high 
temperature of deodorisation. 

While works by various researches 
have revealed a better understand-
ing of this complex issue, there re-
mains much to be learnt.
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