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Degumming is the first stage in processing of vegetable oils, and it is aimed at removing

phospholipids. The article compares the results of degumming by phosphoric and citric

acids, their effects on the extraction of calcium and magnesium ions from oils, these ions

being the main components of nonhydratable phospholipids. We showed the appropriateness

of combining citric and succinic acids (the final content of phospholipids in oil was

0.034%, whereas it was equal to 0.048% when citric acid was used) and citric and ascorbic

acids (the final content of phospholipids in oil was 0.040%). We studied the effect of acid

degumming on the formation of 3-MCPD-esters and glycidyl esters. The content of

glycidyl esters after degumming with citric acid and phosphoric acid was 310 g kg–1 and

200 g kg–1, respectively. After degumming with citric acid and phosphoric acid, the

content of 3-MCPD-esters in the deodorized oil was 680 g kg–1 and 470 g kg–1,

respectively. On the contrary, aqueous degumming does not increase the content of these

esters in the deodorized sunflower oil (the content is less than 100 g kg–1) and its

implementation can be recommended as one of the ways to prevent the formation of these

toxic substances during deodorization.
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Introduction
Degumming is the first stage of refining, which

is aimed at extracting the largest group of polar lipids,
phospholipids, from the oils. The content of
phospholipids in unrefined pressed sunflower oil
varies from 0.6 to 1.2%, and the oils obtained by
extraction show a higher content of phospholipids
than those obtained by pressing [1]. Among the main
types of oils, soybean oil exhibits the highest content
of phospholipids (Table 1).

The main phospholipids of vegetable oils are
phosphatidylcholine, phosphatidylethanolamine,
phosphatidylinositol, and phosphatidic acid and its
salts.

The simplest and safest way to remove
phospholipids from unrefined oils is water
degumming. When water is added to oil,
phospholipids, due to the presence of polar groups
in their molecules (Fig. 1), line up on the surface of
water droplets, immersing their polar part in the

middle. As a result of the difference in density, water
with phospholipids settles to the bottom of the
hydration apparatus and is separated from the oil by
separation or decantation. The process of water
hydration has been used for industrial purposes for
almost a century [3].

However, the degree of interaction of different
groups of phospholipids with water is different and

Oil 

The amount of 

phospholipids, %  

(relative to the oil) 

Reference 

Soybean oil 1.0–3.0 [1] 

Sunflower oil 0.6–1.2 [1] 

Rapeseed oil 1.2–2.6 [2] 

Palm oil 0.03–0.1 [2] 

Corn oil 0.7–2.0 [1] 

 

Table  1

The content of phospholipids in the main types of oils
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the depth of their removal during aqueous
degumming also differs. There are two types of
phospholipids: hydratable (HPL) and nonhydratable
(NHPL). The most hydrophilic phospholipids (i.e.
including those capable of being removed from oils
during aqueous degumming) are phosphatidylcholine
(because its structure does not form an internal salt
at any pH value and always remains hydrophilic)
and phosphatidylinositol (it has five free hydroxyl
groups on a fragment of inositol). Thus,
phosphatidylinositol and phosphatidylcholine are
completely removed from the oil when degumming
is carried out in the presence of sufficient amount of
water [4].

The phosphatidylethanolamine molecule carries
a positive charge (i.e. becomes hydrophilic) at a pH
value of two. As the pH rises, more and more
phosphate groups dissociate and therefore zwitterion
is formed: a positive amino group forms an internal
salt with a negatively charged phosphate group. The
positive and negative charges are so close to each
other that the hydrophilicity of this zwitterion is quite
weak and the aqueous degumming of
phosphatidylethanolamine is incomplete. Thus, acid
degumming is optimal for its removal from oil [3].

The molecule of phosphatidic acid in an acidic
environment does not dissociate. When the pH rises
to values greater than 5, the molecule acquires a
negative charge, which makes it hydrophilic.

Alkaline earth metal salts of phosphatidic acid
remain in the oil at any pH value, because divalent
calcium and magnesium form a salt with two
dissociated hydroxyl groups of the phosphate residue.
They are part of the so-called non-hydrated groups
of phospholipids [5].

Thus, even after thorough aqueous degumming,
phosphatidic acid salts, phosphatidic acid and
partially phosphatidylethanolamine remain in the oil.

The simplest way to increase the efficiency of

degumming is the introduction of acid solutions. In
addition, phosphatidylethanolamine molecules are
removed, degumming time is reduced and phase
separation is simplified. The biggest disadvantage of
acid degumming is that phosphatidic acid and its
salts remain in the oil. However, they are removed
at the stage of chemical neutralization, so acid
degumming is one of the most optimal ways of
degumming in the refining process, including
neutralization. Phosphoric or citric acids are most
often used to this end.

According to current research, the method of
hydration (composition of the hydrating agent) affects
the formation of MCPD-E and glycidyl esters.

2,3-MCPD-esters (MCPD-E) and esters of
glycidyl (GE) are a new type of fat-soluble food
contaminants (Fig. 2), which are formed mainly at
high temperatures: greater than 2000C in case of esters
of glycidyl and from 160 to 2000C in case of esters
of MCPD-E [6].

Let’s consider the toxic effect of these esters.
First of all, this is a genotoxic effect which negatively
affects the cellular genetic material or DNA with
the possibility of mutations (it applies to glycidyl
esters, 3-MCPD-E being not genotoxic carcinogens
[6]). In addition, the toxic effect of the esters under
consideration implies carcinogenic action (increasing
the likelihood of cancer (non-genotoxic)),
nephrotoxicity (kidney disease), reduction of
erythrocyte function by reducing hemoglobin
(anemia), and destructive action on fertility in men
and women (infertility in laboratory animals).
Glycidol is classified as a human carcinogen (group
2A) [6].

Since September 2020, the content of 3-MCPD
and glycidol is regulated by the requirements of
Regulation (EU) 2020/1322 of 23 September 2020
amending Regulation (EC) No 1881/2006 as regards
maximum levels of 3-monochloropropanediol

Fig. 1. The structure of the phosphatidylcholine molecule
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(3-MCPD), 3-MCPD fatty acid esters and glycidyl
fatty acid esters in certain foods. These maximum
levels with respect of the sum of 3-monochloro-
propanediol (3-MCPD) and 3-MCPD fatty acid
esters in terms of 3-MCPD should be as follows [7]:

– 1250 g kg–1 for oils and fats from coconut,
maize, rapeseed, sunflower, soybean, palm kernel
and olive oils (1000 mg kg–1 for glycidyl fatty acid
esters in terms of glycidol);

– 2500 g kg–1 for other vegetable oils
(including pomace olive oils), fish oils and oils from
other marine organisms and mixtures of oils and fats
with oils and fats only from this category;

– 750 g kg–1 for vegetable oils and fats, fish
oils and oils from other marine organisms destined
for the production of baby food and processed cereal-
based food for infants and young children (500 g kg–1

for glycidyl fatty acid esters in terms of glycidol).
When a 0.02% solution of phosphoric acid in

oil was used for degumming, 2.1 mg kg–1 of
3-MCPD-E was formed, while the use of water
without added acids reduced the concentration of
3-MCPD-E to 0.75 mg kg–1 (an increase by 64%) [8].

Due to the fact that palm oil is characterized
by a low content of phospholipids, «dry» degumming
is most often carried out by treating palm oil with
solutions of phosphoric or citric acids. However, this
approach leads to the formation of increased amounts
of MCPD-E and GE. The effect of water washing
after dry degumming was determined as follows: the
contents of 3-MCPD-E and GE were decreased by
25% (from 2.8 to 2.1 mg kg–1) and by 16% (from 3.5
to 3.0 mg kg–1), respectively [9]. Washing by ethanol
yielded a decrease in the content of 3-MCPD-E
and GE by 36% and 26%, respectively [9]. When
using the method of physical refining via replacing
acid degumming (with phosphoric acid) by aqueous
degumming, the content of 3-MCPD-E in palm oil

was decreased by 80% [10]. However, these studies
were performed using palm oil, which is the leader
among vegetable oils in the possible content of
3-MCPD-esters and esters of glycidyl. The effect of
aqueous and acid degumming on the content of
MCPD-E and GE in deodorized sunflower oil should
be investigated.

The aim of this work is to compare the results
of different methods of acid degumming and establish
the effect of the composition of degumming agents
on the content of 3-MCPD-esters and esters of
glycidyl in deodorized sunflower oil.

Experimental
Unrefined crude press sunflower oil was selected

as the object of the study. Degumming of sunflower
oil was performed using a magnetic stirrer with a
thermocouple at a temperature of 600C at a constant
stirring rate (360 rpm). The sample volume was
500 cm3 and the temperature was controlled with an
error of ±0.10C. A magnetic stirrer was used during
all experiments (RIVA-04.4, RIVA-STAL, Ukraine)
and a centrifuge (RC-6, Dastan, Russia) operated
at 1000 g. The amount of water for degumming was
1%. The amount of acids was 0.1–0.2%. Duration
of degumming was 15 min at a temperature of 600C.
After degumming, the mixture was cooled to room
temperature, exposure was continued for 60 min.
The mixture was separated in a centrifuge for 10
minutes to obtain two phases: degumming oil and
wet gum.

The following acids were used for acid
degumming: citric, succinic, ascorbic acids in powder
form, phosphoric acid (80% solution), and lactic
acid (40% solution).

To determine the content of phospholipids in
oils, an express analyzer of phospholipids AMDF-1A
(MERA, Russia) was used. The range of
measurements of the mass fraction of phospholipids

Fig. 2. General formulas of the MCPD group of toxic pollutants
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(in terms of stereooleocytin) in sunflower oil was
0.02–2.0. The relative error of measurements
(p=0.95) in the ranges of mass fraction (0.02–2.0)%
was on average 8.5%.

The acid value of oils was determined according
to the official method of AOCS Cd 3a-63 (AOCS,
1997). The peroxide number was determined
according to the official AOCS method Cd 8b-90
(AOCS, 2017). The amounts of calcium and
magnesium were determined by inductively coupled
plasma (ICP) optical emission spectroscopy by the
official method AOCS Ca 17-01 (AOCS, 1997).

Deodorization was performed under laboratory
conditions in the following way. The degumming oil
after separation of the wet gum was washed with
distilled water to remove acid residues after acid
degumming. The separation of the oil-wash water
phases was performed on a separating funnel to reach
a neutral pH of the wash water. The oil was then
placed in a 250 cm3 flask for deodorization, heated
to 2400C and kept at atmospheric pressure for 2 hours.
The sample volume was 150 cm3; the temperature
was controlled with an error of ±0.10C. Stirring was
performed using a magnetic stirrer at 120 rpm.
Heating was carried out using a heating ring and the
temperature was monitored using an electrical contact
thermometer TPK-7-P (the measuring range being
0–3000C). After deodorization, the oil was cooled
and stored at 5±0.50C.

The content of 3-monochloropropanediol
(3-MCPD) and glycidol was determined by gas-liquid
chromatography using an Agilent 7890V/5977B gas-
liquid chromatography-mass spectrometer with an
automated sample preparation system based on MPS
Robotic (ISO 18363-1:2015 (modified)).

All measurements were repeated three times.
The significance of the differences between the
average values of all measurements was determined
at p=0.05 (i.e. 5%).

Results and discussion
The efficiency of degumming, i.e. the final

amount of phospholipids in degumming oil, is
influenced not only by the nature of degumming
agent, but also by the characteristics of the

degumming process, namely: the initial amount of
phospholipids in oil, their fractional composition,
degree of interaction between oil phases–degumming
agent, duration, temperature degumming, and a
method of separating the phases. Therefore, it is
possible to compare the results of different methods
of degumming only based on the same initial sample
and under the same conditions of degumming.

The results of comparative degumming are given
in Table 2. The amount of water for degumming
was 1%, and the amounts of phosphoric and citric
acids were 0.1% and 0.2%, respectively, which
approximately close to the amounts commonly used
in industry. The content of calcium and magnesium
as the main metals that are part of the NHPL was
also determined (Table 2).

Thus, as a result of aqueous degumming, about
88% of phosphorus-containing substances were
removed. Brevedan et al. [11] reported the removal
of 83% of phospholipids as a result of aqueous
degumming of sunflower oil.

The efficiency of acid degumming by
phosphoric and citric acids is close to 95% and 94%
of the extracted phospholipids, respectively.

The most modern and effective method of
degumming is enzyme degumming [12]. It allows
reducing the phosphorus content to 10–25 mg kg–1

and even lower. However, enzymes are expensive,
the duration of enzymatic degumming is several hours
(from 2 to 8 and above), and the process requires a
very thorough mixing of phases. Most importantly,
a final phosphorus content of less than 0.05% is
required only if the stage of physical refining is
performed after degumming. In other cases, after
the degumming stage, chemical neutralization is
performed, which also removes phospholipids; the
final phosphorus content is approximately the same
low values as after careful enzymatic degumming
[13]. Therefore, in our opinion, it is advisable to use
acid degumming in the refining cycle, including
alkaline neutralization.

The most effective metal ions in the NHPL
complex are removed by citric acid (residual content
of calcium and magnesium in degumming oil is

Table  2

Influence of water, phosphoric and citric acids on the content of phospholipids in hydrated oil and on the content of
calcium and magnesium ions

Oil sample 
The content of phospholipids in the 

oil, in terms of stereooleocytin, % 

Content of Са,  

mg kg–1 

Content of Mg, 

mg kg–1 

Pressed crude sunflower oil 0.5410.0130 29.72.0 19.51.8 

Oil after water degumming 0.0650.0036 11.31.2 6.81.3 

Oil after degumming with phosphoric acid 0.0330.0049 6.91.6 3.31.5 

Oil after degumming with citric acid 0.0290.0054 5.21.2 2.11.4 
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5.2 mg kg–1 and 2.1 mg kg–1, respectively) due to its
ability to form complex compounds. The logarithm
of the stability constants of complex compounds of
citric acid with calcium and magnesium is 4.84 and
3.96, respectively (at 250C and ionic strength of 0–
0.2 mol L–1) i.e. citric acid forms more stable
complexes with NHPL metals than phosphatidic,
converting them into a hydrophilic form. This is
due to the low final content of phospholipids in the
oil after degumming with citric acid (Table 2).

The removal of metals from oils is associated
not only with a decrease in residual phosphorus, but
also with the oxidative stability of oils. It is known
that the strongest catalysts for lipid oxidation are
metals of variable valence. Therefore, the oil after
acid degumming is more stable to oxidative stress. It
is safer and more environmentally friendly to use
food acids for hydration.

The complexing constants of different food
acids with metals (pK) are different. Therefore, it is
advisable to analyze the results of degumming with
mixtures of food acids to increase the efficiency of
NHPL removal from oils. Based on the above data,
we decided to use citric acid as the basic acid. The
results were compared with the data on degumming
with individual food acids (Table 3). The amount of
degumming agents to obtain data that can be
compared (significant values of phospholipids in
degumming oil with less study error) was reduced to
0.1% relative to the oil.

Lactic acid turned out to be the worst
degumming agent. It practically did not increase the
efficiency of degumming (as compared with water

degumming). The best results were obtained with
succinic acid and a mixture of succinic and citric
acid.

The synergistic effect of mixtures of citric acid
with other food acids on the extraction of
phospholipids is explained by various constants of
complexation of the studied food acids with calcium,
magnesium, iron, etc.

The combination of citric and ascorbic acids
proved to be quite effective. Ascorbic acid is also a
strong antioxidant [14] and its presence in lecithin
will positively affect the stability of this product
against oxidative damage. The disadvantage of using
ascorbic and succinic acids is their high cost as
compared with citric or phosphoric acids.

For many oil companies, the degumming stage
is the final stage and degumming oil is the final
product. Therefore, it is necessary to establish the
effect of acid degumming on those quality indicators
of sunflower oil that change during this process
(Table 4).

No significant increase in acid value was
detected after acid degumming. A decrease in
peroxide value when using acids during degumming
(from 3.04 to 2.36 and 2.05 for phosphoric acid and
citric acid, respectively) is due to the destruction of
peroxides during contact with acid molecules [15].

The effect of the degumming method on the
formation of 3-MCPD-esters and esters of glycidyl
as a result of laboratory deodorization was
characterized. The results are given in Table 5.

The results revealed a contribution of lowering
the pH during degumming to the formation of

The composition of the degumming agent 

The content of 
phospholipids in the oil, 

in terms of 

stereooleocytin, % 

The composition of 

the degumming agent 

The content of 
phospholipids in the oil, in 

terms of stereooleocytin, 

% 

Citric acid (0.1%) 0.0480.0037  

Citric acid (0.05%)+succinic acid (0.05%) 0.0340.0028 Succinic acid 0.1% 0.0450.0045 

Citric acid (0.05%)+lactic acid 40 % (0.1%) 0.0520.0042 
Lactic acid  

(40% solution) 0.2% 
0.0600.0051 

Citric acid (0.05%)+ascorbic acid (0.05%) 0.0400.0039 Ascorbic acid 0.1% 0.0530.0039 

 

Oil sample Acid value, % Peroxide value, mmol ½О/kg Color, mg of I2 

Pressed crude sunflower oil 0.310.011 3.040.31 10 

Oil after water degumming 0.270.009 3.160.27 5 

Oil after degumming with phosphoric acid 0.310.013 2.360.22 5 

Oil after degumming with citric acid 0.290.015 2.050.21 5 

 

Table  3

The effect of food acids and their mixtures on the excretion of phospholipids from sunflower oil (water content 1%)

Table  4

Qualitative indicators of sunflower oil after degumming
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increased amounts of 3-MCPD esters and glycidol
during the deodorization of sunflower oil. The effect
of citric acid is more noticeable, which is explained
by the introduction of more H+ ions, the amount of
phosphoric and citric acids in degumming being 0.1%
and 0.2%, respectively. In general, it should be noted
that acid degumming does not lead to exceeding the
maximum allowable levels (1250 g kg–1 for sunflower
oil [7]). It is also important that degumming is not
the final stage before deodorization. Stages of
neutralization and adsorption purification also affect
the formation of esters of              3-MCPD and
glycidyl [8,10].

Conclusions
Aqueous acid solutions are effective degumming

agents that are able to remove approximately 95%
of phospholipids from sunflower oil. The content of
calcium and magnesium in the oil when using citric
acid as a degumming agent is reduced by 83% and
89%, respectively.

In our opinion, this result proves the feasibility
of using acid degumming in comparison with other
more effective but more expensive and complex
methods of degumming (enzymatic, molecular sieves,
etc.).

Based on the obtained data, we can assert that
the most effective degumming agents are citric,
succinic and ascorbic acids. The use of mixtures of
food acids further increases the efficiency of
degumming. Food acids are safe substances approved
for use in foods that are easy to dissolve, dispense,
etc.

Degumming affects the formation of 3-MCPD-
esters and glycidyl esters. The presence of acids in
the processing of oils (i.e. H+-ions) can be attributed
to the precursors of the formation of esters of
3-MCPD and glycidol. On the contrary, water
degumming does not increase the content of these
esters in deodorized sunflower oil and its
implementation can be recommended as one of the
ways to prevent the formation of these toxic
substances during deodorization.
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Ñ.Ì. Ìîëü÷åíêî, ².Ì. Äåìèäîâ

Ã³äðàòóâàííÿ – ïåðøà ç³ ñòàä³é ïåðåðîáëeííÿ ðîñëèí-
íèõ îë³é, ¿¿ ìåòà – âèäàëåííÿ ôîñôîë³ï³ä³â. Ó ñòàòò³ ïî-
ð³âíþþòüñÿ ðåçóëüòàòè ã³äðàòóâàííÿ ç ôîñôîðíîþ òà ëèìîí-
íîþ êèñëîòàìè, ¿õ âïëèâ íà âèëó÷åííÿ ç îë³é ³îí³â êàëüö³þ
òà ìàãí³þ – îñíîâíèõ êîìïîíåíò³â íåã³äðàòîâàíèõ ôîñ-
ôîë³ï³ä³â. Ïîêàçàíà äîö³ëüí³ñòü ïîºäíàííÿ ëèìîííî¿ ³ áóð-
øòèíîâî¿ êèñëîò (ê³íöåâèé âì³ñò ôîñôîë³ï³ä³â â îë³¿ 0,034%
ó ïîð³âíÿíí³ ç 0,048% äëÿ ëèìîííî¿ êèñëîòè) òà ëèìîííî¿ ³
àñêîðá³íîâî¿ êèñëîò (ê³íöåâèé âì³ñò ôîñôîë³ï³ä³â ó îë³¿
0,040%). Äîñë³äæåíî åôåêò êèñëîòíîãî ã³äðàòóâàííÿ íà óò-
âîðåííÿ 3-MCPD-åô³ð³â i ãë³öèäèëîâèõ åô³ð³â. Âì³ñò ãë³öè-
äèëîâèõ åô³ð³â ï³ñëÿ ã³äðàòóâàííÿ ç ëèìîííîþ êèñëîòîþ
ñòàíîâèâ 310 ìêã/êã, ç ôîñôîðíîþ – 200 ìêã/êã. Ï³ñëÿ ã³äðà-
òóâàííÿ ëèìîííîþ êèñëîòîþ âì³ñò 3-MCPD-åô³ð³â ó äåçî-
äîðîâàí³é îë³¿ ñòàíîâèâ 680 ìêã/êã, ôîñôîðíîþ êèñëîòîþ
– 470 ìêã/êã. Íàâïàêè, âîäíå ã³äðàòóâàííÿ íå çá³ëüøóº âì³ñò
öèõ åô³ð³â ó äåçîäîðîâàí³é ñîíÿøíèêîâ³é îë³¿ (ìåíøå
100 ìêã/êã), ³ éîãî çàñòîñóâàííÿ ìîæå áóòè ðåêîìåíäîâàíî
ÿê îäèí ç³ ñïîñîá³â çàïîá³ãàííÿ óòâîðåííþ öèõ òîêñè÷íèõ
ðå÷îâèí ï³ä ÷àñ äåçîäîðóâàííÿ îë³é.

Êëþ÷îâ³ ñëîâà: êèñëîòíå ã³äðàòóâàííÿ, ñîíÿøíèêîâà
îë³ÿ, ôîñôîë³ï³äè, MCPD åô³ðè, ãë³öèäèëîâ³ åô³ðè.
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THEIR INFLUENCE ON THE FORMATION OF 3-MCPD-
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DEODORIZATION
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Degumming is the first stage in processing of vegetable
oils, and it is aimed at removing phospholipids. The article
compares the results of degumming by phosphoric and citric acids,
their effects on the extraction of calcium and magnesium ions
from oils, these ions being the main components of nonhydratable
phospholipids. We showed the appropriateness of combining citric
and succinic acids (the final content of phospholipids in oil was
0.034%, whereas it was equal to 0.048% when citric acid was
used) and citric and ascorbic acids (the final content of
phospholipids in oil was 0.040%). We studied the effect of acid
degumming on the formation of 3-MCPD-esters and glycidyl
esters. The content of glycidyl esters after degumming with citric
acid and phosphoric acid was 310 g kg–1 and 200 g kg–1,
respectively. After degumming with citric acid and phosphoric
acid, the content of 3-MCPD-esters in the deodorized oil was
680 g kg–1 and 470 g kg–1, respectively. On the contrary, aqueous
degumming does not increase the content of these esters in the
deodorized sunflower oil (the content is less than 100 g kg–1)
and its implementation can be recommended as one of the ways
to prevent the formation of these toxic substances during
deodorization.

Keywords: acid degumming; sunflower oil; phospholipids;
MCPD-esters; glycidyl esters.
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