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Options for Mitigating the Formation 
of 3-MCPD Esters in Palm Oil

TABLE 1. MAXIMUM LEVEL OF 3-MCPDE IN VEGETABLE OILS PROPOSED BY EU

3-MCPDE content, 
mg kg-1 maximum Type of vegetable oils

1.25 Unrefined oils, refined oils and fats from coconut, maize, rapeseed, olives (except olive pomace 
oil), sunflower, soyabean and palm kernel and mixtures of oils and fats from this category only

2.50 Other refined oils (including olive pomace oil), fish oil and oils of other marine organisms and 
mixtures of oils and fats from this category only

INTRODUCTION

3-monochloropropanediol esters (3-MCPDE) are classified 
as food processing contaminant which are formed due to 
heat treatment in the presence of chloride. The presence 
of the esters in food posed health risk to human since when 
consumed, they are converted into free 3-MCPD in the 
gut, which has been classified as ‘possibly carcinogenic 
to humans’ (IARC monographs, 2012). A recent report 
concluded that the esters could induce reduced sperm 
motility and kidney tubular hyperplasia (EFSA Journal, 
2018). The findings were based on experiment conducted 
on rats by the European Food Safety Authority (EFSA) 
Panel on Contaminants in the Food Chain. 

Refined vegetable oils contain higher amount of 
3-MCPDE than crude oils due to refining process 
(Hoenicke, 2009).  Among the refined oils, palm oil was 
reported to contain the highest amount of 3-MCPDE 
(Hrncirik, 2009). The European Union (EU) is in the 
process of implementing the maximum levels of 3-MCPDE 
in vegetable oils and fats and fish oil as shown in Table 
1 (OFI, 2019). Palm oil falls under the ‘other refined 
vegetable oils’ category. This could jeopardise the palm oil 
industry if remedial action is not taken to address this issue 
since EU was the second and third largest importer of palm 

oil in 2018 and 2019 respectively (MPOB, 2018 and 2019). 
Even though the date of the permissible level has yet to be 
announced, our industry must be ready to comply with the 
maximum level that will be imposed through modification 
of the current milling and refining practices.

In 2019, the export revenue of palm oil generated 
RM38.03 billion (Parveez et al., 2020), which placed it as 
the eighth largest earning for Malaysia (MATRADE, 2020). 
Ever since the emergence of 3-MCPDE issue in refined 
vegetable oil was published in scientific journals, MPOB 
realised that this would pose a serious threat to the local 
palm oil industry and Malaysia’s economy. 

Several studies on chloride sources identification and 
mitigation measures have been conducted in MPOB. 
This article discusses mitigation strategies based on 
experiments conducted in MPOB.

TRASH REMOVAL SYSTEM

It is common practice by planters to use inorganic 
fertilisers enriched with nitrogen (N), phosphate (PO4

3-) 
and potassium (K) of which some of them are chloride-
based (Murdi and Haron, 2019). The sources of these three 
important elements are normally urea, rock phosphate 
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and potassium chloride (KCl). As an example, nitrogen is 
supplied in the form of ammonium chloride (NH4Cl). Trace 
amount of chloride-based fertiliser is carried over to the 
palm oil mill (POM) in the form of embedded dirt on the 
oil palm fresh fruit bunches (FFB). The FFB that fall to the 
ground during harvesting will collect dirt and are processed 
without prior cleaning which caused the contaminants to 
be processed together with the detached fruitlets at the oil 
extraction stage. Based on current practice, the average 
total chloride content in 15 crude palm oil (CPO) samples 
from Peninsular Malaysia was between 5.04-9.28 mg kg-1 
(Che Rahmat, unpublished data).

MPOB has developed a trash removal machine to 
remove dirt from FFB as shown in Figure 1. Its function 
is similar to spraying FFB with water prior to processing 
for removal of embedded contaminants which is being 
practiced in a mill, except that the former is a dry method. 

For this trial, two trash removal machines were 
installed at a mill. One machine was installed before the 
conventional steriliser and the other was placed after 
thresher drum. CPO samples were drawn from crude oil 
tank (COT) after the mill has started its operation for 6 hr. 
The COT temperature was maintained at 90oC. Figure 2 
shows the level of total chloride in CPO extracted from 
clean and dirty FFB. The unremoved dirt is the controlled 
sample. 

Figure 1. First stage trash removal system.

Figure 2. Total chloride content in clean and dirty
 fresh fruit bunches (FFB).
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Results showed that the levels of chloride in CPO were 
reduced after dirt removal from FBB consignment, from 
6.92-8.21 mg kg-1 to 1.35-2.96 mg kg-1. This showed that 
the presence of dirt contributed to higher level of chloride 
in CPO. Elimination of dirt prior to processing by trash 
removal shows very promising result since it could bring 
down the level of total chloride in CPO. 

The machine is capable to remove about 80%-90% of 
trash from FFB consignment (Figure 3). The trash consists 
of stones, sand, soil, mud, wood, grass, leaves and twigs 
that come along from oil palm plantation as shown in Figure 
4. In addition to monitoring total chloride level, study on the 
effect of dirt embedded in FFB on CPO quality has also 
been conducted. Results showed that FFB consignment 
containing dirt produced CPO with higher free fatty acid 
(FFA) content (4.26%-4.38%) compared to oil extracted 
from dirt free consignment (3.63%-3.78%). Similar result 
also applies to deterioration of bleachability index (DOBI) 
value where oil extracted from dirt embedded FFB has an 
average DOBI value of 2.38 compared to 2.78 in CPO from 
dirt free consignment. Result indicates that CPO quality 
starts to deteriorate due to the presence of dirt especially 
sand, mud and stones during milling. During FFB handling, 
dirt aggravated the bruising of the fruits which enhanced 
the lipase activity and caused rapid increased in FFA. FFA 
is formed due to the catalytic action of lipase enzyme in the 
mesocarp to hydrolyse the triglycerides into glycerol and 
FFA upon bruising of the oil palm fruitlets.

Figure 3. Foreign material and debris collected after 
trash removal system.

Figure 4. Dirt mixed with fresh fruit bunches (FFB) 
consignment at hopper.
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Removal of dirt prior to milling could improve the 
quality of CPO in terms of FFA, DOBI and total chloride 
content (from fertiliser and soil).  Furthermore, clean FFB 
would also reduce the wear and tear of the machinery 
in POM and consequently, reduces the down time and 
maintenance cost.

IONIC WETTING AGENT

Recent study showed that the average chloride content 
in raw water that is used in POM is about 22-26 mg kg-1 
(Ng and Vincent, 2017). The presence of chloride in raw 
water could be either inherent or due to water run-off from 
plantation or mill’s proximity to the sea. Most mills get their 
water supply from nearby rivers or ponds. The raw water is 
treated prior to usage without addition of chlorine. Chloride 
ions are highly soluble in water; thus, they can easily enter 
the oil during milling process.

One of the possible solutions to minimise chloride 
content in CPO is by removing the contaminants in the 
intermediate oil product such as crude oil (pressed liquor) 
using ionic wetting agent (IWA). IWA is a class of chemical 
compound called surfactant, which is commonly used in 
herbicide formulation. Surfactants have many other uses 
depending on their specific chemical properties. Each type 
of surfactant has one or more characteristics in common, 
but all of them possess the common feature of a water-
soluble (hydrophilic) group attached to a long, oil-soluble 
(lipophilic) hydrocarbon chain. FFA and chloride, which 
are highly soluble in polar solutions, could be removed 
using various hydrophilic surfactants such as the IWA as 
shown in Figure 5. 

Laboratory study to quantify the efficiency of selected 
IWA has been intensively carried out. The aim of the 
study was to evaluate CPO’s quality in terms of chloride 
reduction, FFA, DOBI and moisture. Crude oil sample 
was taken from COT and the controlled parameter for this 
study was similar to POM operation.

Table 2 shows the results of total chloride content 
and the quality of CPO based on temperature controlled 
at 90oC, which is similar as the temperature at COT. The 
sample was added with 1.0% (v/v) selected IWA and 
mixed for 2 hr on a hot plate. The crude oil was centrifuged 
to separate water and sludge. The top layer of crude oil 
was analysed for several parameters as depicted in Table 
2. The treatment led to 26% reduction of chloride, from 
2.19 mg kg-1 in the untreated oil to 1.61 mg kg-1.  The FFA 
and moisture content also showed reducing trend, with a 
slight increase in DOBI. 

CRUDE PALM OIL RINSING

The presence of chloride was found to be the cause for 
the formation of 3-MCPDE when vegetable oil is heated 
to extreme temperatures (Hrncirik and van Duijn, 2011). 
CPO was rinsed with equal volume of water prior to 
refining to remove water soluble or inorganic chloride. 
The rinsed CPO was then refined by using a laboratory 
apparatus simulating the actual refining process except 
for steam stripping. The dosages of phosphoric acid and 
bleaching clay in the trials were 0.1% and 1% (w/w of oil), 
respectively. The oil was deodorised at 260°C and 230°C, 
standard practice and modified respectively, to monitor the 
formation of the esters.

Figure 6 shows the effect of rinsing CPO on the 
formation of 3-MCPDE in refined palm oil. The unrinsed 
CPO is the controlled sample. Each experiment was 
conducted in duplicate and the average values were 
obtained. Total chloride content in unrinsed CPO samples 
were 5.2 mg kg-1 and 6.0 mg kg-1 and after rinsing, the 
total chloride level dropped to 1.6 mg kg-1 and 0.9 mg kg-1 

respectively. This consequently led to the reduction in the 
formation of 3-MCPDE in refined oil samples, from 1.81 

TABLE 2. COMPARISON OF CHLORIDE CONTENT AND QUALITY OF CPO

Sample name Total Chloride (mg kg-1) FFA (%) DOBI Moisture (%)

CPO produced with IWA treatment 1.613 3.77 3.12 0.28

CPO produced without IWA treatment 2.193 4.52 3.08 0.26

Figure 5. Reaction of ionic wetting agent (IWA) with 
crude palm oil (CPO).
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mg kg-1 and 3.22 mg kg-1 in unrinsed CPO to 0.45 mg kg-1 

and 1.51 mg kg-1 in rinsed CPO respectively. Rinsing of 
CPO provided better reduction effect at both deodorisation 
temperatures but the effect is more prominent at lower 
deodorisation temperature. 

Rinsing CPO prior to refining is a possible mitigation 
measure to reduce formation of the ester in refined palm 
oil. It removes certain amount of water-soluble chloride, 
which subsequently reduces the level of total chloride in 
CPO and led to less formation of 3-MCPDE in refined palm 
oil samples. Greater effect could be achieved by adopting 
CPO rinsing and deodorising the oil at 230°C. Since CPO 
rinsing prior to refining could reduce the formation of ester, 
the number of rinsing was studied to see its effectiveness. 
Figure 7 shows that single rinsing is enough since the 
reduction in ester formation was not significant after 
double rinsing.

ENZYMATIC DEGUMMING

Previous study on formation of 3-MCPDE during CPO 
refining showed that acidic condition due to phosphoric 
acid degumming influenced the formation of 3-MCPDE 
in refined palm oil. Therefore, enzymatic degumming was 
applied as an alternative to phosphoric acid degumming to 
make refining condition less acidic. 

Laboratory experiments were conducted to study the 
effectiveness of a commercial phospholipase A1 enzyme, 
known as Lecitase Ultra (LU),  in removing phospholipids 
from CPO and subsequently the formation of 3-MCPDE in 
refined oil. In the presence of water, the enzyme converts 
phospholipid into lyso-phospholipid, which is more 
hydrophilic than the former, and generated FFA as shown 
in Figure 8.

Optimisation study was conducted to determine the 
best enzymatic degumming condition by monitoring the 
least amount of phospholipid left in the CPO by varying 

Figure 6. Treatment of crude palm oil (CPO) prior to refining at 
230°C and 260°C deodorisation.
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Figure 7. Effect of single and double rinsing on 3-MCPDE content.
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enzyme dosage and reaction time. Temperature was 
fixed at 50°C. It was found that 0.1% LU (w/w of CPO) 
and 1 hr reaction time were the optimum condition for the 
degumming process. At the end of degumming process, 
hot water (80°C) was added into the reaction vessel 
to inactivate the enzyme and also to remove the lyso-
phospholipid. The degummed oil was then subjected to 
further refining to monitor the 3-MCPDE level in the refined 
palm oil.

Table 3 shows the amount of phospholipids (expressed 
as phosphorus) and total chloride in CPO and refined palm 
oil samples, and an additional 3-MCPDE analysis for the 
latter. The control refers to phosphoric acid degumming 
while LU is for degumming by LU enzyme. The formation 
of 3-MCPDE in enzymatically degummed CPO was less 
than the control due to non-acidic condition, i.e. 1.3 mg kg-1 
and 5.2 mg kg-1 respectively. Furthermore, the addition of 
hot water provided a rinsing effect which removed some 
chlorides from the oil.

CONCLUSION

This article provides several options for the industry 
players in mitigating the formation of 3-MCPDE in refined 
palm oil. Those mitigation measures could be adopted 
either individually or in combination with a few methods 
during oil extraction or refining process. Adoption of trash 
removal and treatment with IWA would lead to low total 
chloride content in CPO. Another advantage of the former 
is that it prolongs the lifetime of screw presses. Rinsing 
CPO with water would also remove some of the inorganic 
chloride from the oil. LU enzyme could replace phosphoric 
acid as degumming aid to make the process less acidic 

TABLE 3. AMOUNT OF PHOSPHORUS, TOTAL CHLORIDE AND 3-MCPDE  IN REFINED PALM OIL

Sample/Type of degumming
Composition, mg kg-1

Phosphorus Total chloride 3-MCPDE

CPO* 17.4(±0.63) 3.12(±0.21) Not analysed

RBD PO (control) 
RBD PO by LU

1.5(±0.13)
5.6(±0.39)

0.57(±0.06)
0.32(±0.01)

5.2(±0.60)
1.3(±0.30)

Note:* FFA and DOBI of CPO: 3.8% as palmitic acid and 2.32 respectively.
Values in parentheses show standard deviation of three replicates.

to suppress the formation of the esters. The last stage of 
refining is deodorisation and it is highly recommended to 
be carried out at temperature less than 260°C.
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