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ABSTRACT
This paper is devoted to comparative study of the composition, physico-chemical parameters and functional-
technological properties of the lecithins obtained from various types of oily raw materials. It has been shown that
lecithins produced in Russia, obtained with the use of modern technologies of soybean, sunflower and rape seed oils’
degumming are valuable food ingredients that are competitive to the standard liquid soya lecithins of foreign
production. The results of comparative studying the features of structure, physical and chemical indicators and
individual functional and technological properties of samples of sunflower, rapeseed and soybean lecithins have been
shown. It has been shown that for characterizing and predicting manifestation of specific technologically functional
properties of lecithins obtained from various plant materials, features of group composition of fatty acid phospholipids
and acyls and their structural characteristics should be considered.
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INTRODUCTION
One of the methods that ensure stability,
bioavailability and biodigestibility of biologically
active substances (BAS) in the products used for
enriching food products is creating their
encapsulated forms1. In addition, the use of
encapsulation allows to solve the technological
problems associated with uniform distribution and
aggregate stabilization of biologically active
substances in the enriched product. This is especially
true for biologically active substances with limited
solubility in water and fat, for example, phytosterols.
It is known that commercial preparations of
phytosterols are often represented as compositions
with other components, which increase their solubility
and facilitate dispersion in food systems. Separate
preparations of phytosterols are made in the form of
fat- or water-dispersible powder obtained by
microcapsulation2-5.A promising direction of
microcapsulation of biologically active substances is
their introduction into microemulsions formed by
lecithins, followed by obtaining powdery forms by
drying on carriers of the polysaccharide or protein
nature. Unlike other encapsulating agents, lecithins,
having the ability to solubilize substances of various
nature, provide good dispersibility of biologically
active substances, both in aqueous and fatty
environments4-8.Lecithin (food additive E 322) is a
mixture of substances insoluble in acetone (mostly,
fractions of phosphatidylcholine,
phosphatidylethanolamine, phosphatidylinositol and

phosphatidic acid) with accompanying substances
(glycolipids, carbohydrates, triacylglycerols, free fatty
acids, etc.) derived from animal or plant
sources9.Being natural substances, lecithins are
widely used in food technology. With that, along with
the traditional use as an emulsifier, stabilizer,
viscosity regulator, separating agent, wetting agent,
instant and agglomerating agent, new areas of using
lecithins appeared in the production of a wide range
of food products. Among the latter, important place
belongs to the use of lecithins as an encapsulating
agent for vitamins and other physiologically
functional micronutrients used in enriching food
products10, 11.It is important that along with fulfilling
the technological tasks, lecithins, possessing their
own physiological value, act as physiologically
functional food ingredients12, 13.The main factors that
determine functional and technological properties of
lecithins, including their ability to encapsulate, are
the composition of fatty acid acyls, group
composition of phospholipids, and chemical
composition of minor components (ions of metals,
unsaponifiable lipids, carbohydrates, oxidation
products, etc.). These factors in turn are determined
by the type of the source raw material, the nature of
technological influence during processing, and
the technology of lecithin production. The main
natural sources of lecithins on industrial scale are
seeds of soybean, sunflower and rape (Figure 1).
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Fig. 1. Main Types Of Commercially Available Lecithin Of Plant Origin: A- World Production; B – Russian
Production

For a number of reasons, the interest to using
sunflower and rapeseed lecithin from Russian oily
raw materials in food technology has increased in
recent years12-14.One of the main drawbacks of
Russian lecithins until recently has been the high
content of substances insoluble in toluene, insufficient
(below 60%) content of substances insoluble in
acetone, and high viscosity. In addition, according to
the industrial experience, replacing the liquid soy
lecithin traditionally used in most food technologies
with sunflower or rapeseed lecithins with similar
quality grades does not provide reproduction of the
technological effects, and requires adjustments of
process conditions and formulations. Introduction of
efficient technologies of degumming at a number of
large Russian enterprises, with obtaining lecithins
and adjusting indicators of quality and safety at the
level of European standards, has led to obtaining a
product of a new quality level. Thus, comparative
studies of the composition characteristics, physico-
chemical parameters and functional-technological
properties of industrial samples of Russian sunflower,
rapeseed and soybean lecithins are of scientific and
practical interest.

Materials And Methods
The objects of study were samples of liquid
sunflower, soybean and rapeseed lecithins produced
by oil processing enterprises in Russia. Physico-
chemical properties of lecithins were analyzed in
accordance with GOST 32052 "Food Supplements.
Lecithins E322. General technical
conditions".Composition of fatty acid acyls of the
phospholipid complex was determined according to
GOST R 51486 using a gas chromatograph Crystal –
5000 (ZAO SKB "Chromatec", Russia), column
SOLGEL-WAX 30m×0.32 mm ID SOLGEL-WAX×0.5
µm (GOST 31663, GOST 31665). The group
composition of phospholipids was studied by the
HPLC method with the use of a high-performance
liquid chromatograph Agilent 1260 Infinity (Agilent
Technology, USA), column LiChrospher 100 250×4

mm, Diol (5 µm) according to methods15, 16.The
peroxide and acid value were determined by titration
in accordance with GOST 32052. The content of
unsaponifiable substances was determined by
method by Paronyan and Skryabina17.The content
and composition of tocopherols were determined in
accordance with GOST EN 12822.The influence of
lecithins on resistance to oxidation of refined
deodorized sunflower oil was studied in accordance
with GOST 31758 using apparatus Rancimat 743
(Metrohm, Switzerland).The size of associates in non-
polar solvent was determined using laser particle
analyzer Zetasizer Nano S (Malvern, UK) with the
measuring range between 0.6 nm and 10 µm.The
organochloride pesticides were determined
according to GOST 32122 using a gas-liquid
chromatograph Crystal-5000. Mycotoxin (aflatoxin
B1) was determined by HPLC according to GOST
30711. Content of toxic elements (Pb, Cd and As)
was determined on an atomic adsorption
spectrometer Agilent 240FS with a GTA camera and
a console for generating VGA 77 hydrides.The
presence of GMOs was analyzed according to GOST
R 53214.All experiments were repeated at least three
times. The obtained results were assessed using the
modern methods of calculation of static reliability
using application Statistica 6.0, Microsoft Office Excel
2013, and Mathcad. The level of confidential
probability was 0.95.The research was carried out on
the equipment of the CCU (Centre of collective
usage) "Research Center for Food and Chemical
Technologies", FSBEI HE (Federal State Budgetary
Educational Institution of Higher Education) "Kuban
State Technological University".

Results And Discussion
The average results of studying physico-chemical
parameters of the studied samples of lecithins in
comparison with the requirements of Russian and
European standards are shown in Table 1.
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Table 1: Physico-Chemical Characteristics Of Lecithins

Indicator name
Indicator value

Soy
lecithin

Sunflower
lecithin

Rapeseed
lecithin

GOST 32052 EU E 322

Content, %:
substances insoluble in

acetone
63.5 64.0 61.0

Not less than
60.0

Not less than
60.0

moisture and volatile
matter

0.70 0.45 0.70
Not more than

1.0
Not more than

1.0
substances insoluble in

toluene
0.20 0.20 0.20

Not more than
0.30

Not more than
0.30

Peroxide value, mEqO/kg 0.1 0.2 0.8
Not more than

10.0
Not more than

10.0

Acid value, mg KOH/g 24.0 26.0 24.0
No more than

36.0
Not more than

35.0
Color of a 10% solution in

toluene,
- mg of iodine

- unit of Gardner scale

79
11

28
8

77
12

Not more than
80.0

Not norm.

Not norm.
Not norm.

Viscosity at 25 ° C, PA∙s 8 9 8
No more than

12
Not norm.

It has been shown that all samples of the studied
lecithins meet the requirements of the standards, and
do not have significant differences. The levels of the
peroxide value are low, and the levels of the acid
value are characteristic of high qualitylecithins (16-

25 mg KOH/g).The data in Table 2 show that all
samples of lecithins meet the requirements of GOST
32052 in terms of safety, and requirements of TR CU
021/2011 in terms of safety of vegetable oils’
processing products

.
Table 2: Safety Indicators Of Lecithins

Indicator name

Indicator value Requirements of
GOST 23058-

89

Requirements of TR CU
021/2011 to the

products of vegetable
oils and fats’ processing

Soy
lecithin

Sunflower
lecithin

Rapeseed
lecithin

Content of toxic
elements, mln-1:

As Less than
0.04

Less than
0.04

Less than
0.04

Not more than
0.1

Not more than 0.1

Pb Less than
0.03

Less than
0.03

Less than
0.03

Not more than
0.1

Not more than 0.1

Hg Less than
0.002

Less than
0.002

Less than
0.002

Not more than
0.05

Not more than 0.05

Cd Less than
0.005

Less than
0.005

Less than
0.005

Not more than
0.05

Not more than 0.03

Aflatoxin B1, mln-1 not
found

not found not found Not more than
0.005

Not more than 0.005

Hexachlorcyclohexane
, (α, β, γ – isomers)

Less than
0.001

Less than
0.001

Less than
0.001

Not more than
0.2

Not more than 0.05

DDT and its
metabolites

Less than
0.001

Less than
0.001

Less than
0.001

Not more than
0.2

Not more than 0.1

Radionuclides’ content,
Bq/kg

Cesium-137 2.8 2.1 3.2 No more than
60

No more than 60

Strontium-90 Less than
1.0

Less than
1.0

Less than 1.0 Not more than
80

Not more than 80

Presence of GMOs Not
found

Not found Not found Not found Not found
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Composition of fatty acid acyls in the composition of the substances present in lecithins’ samples is shown in
Table 3.

Table 3: Composition Of Fatty Acids Acyls Present In Lecithins

Name of fatty acid
Content of fatty acids, % of the sum

Soy lecithin Sunflower lecithin Rapeseed lecithin
C14:0 Tetradecanoate (myristic) 0.10 0.15 0.08
C16:0 Hexadecanoate (palmitic) 17.02 18.32 7.87

C17:0 Heptadecanoyl (margarine) 0.12 0.14 0.09
C18:0 Octadecanoate (stearic) 4.75 3.82 1.15
C20:0 Eicosanoic (arachidic) 0.30 0.33 0.32

C22:0 Docosahexaenoic (behenic) 0.40 1.10 0.28
C24:0 Tetracosanoate (lignoceric) 0.23 0.32 0.23

 S 22.92 24.18 10.02
C16:1 Hexadecanoate (palmitoleic) 0.02 0.31 0.35

C18:1 Octadecenic (oleic) 17.85 13.17 53.94
C18:2 Octadecadienoic (linoleic) 52.88 61.77 26.10

C18:3Octadecatetraenic (linolenic) 6.16 0.24 8.50
C20:1 Eicosenoic (gadoleic) 0.17 0.13 0.82
C22:1 Docosanoic (erucidic) Absence 0.20 0.27

 US 77.08 75.82 89.98
Note: Reproducibility factor for values less than 5%is ± 0.18; for values more than 5 % is ± 1.08

Analysis of the data in Table 3 shows that the
substances in the composition of the studied samples
of lecithins contain fatty acid acyls that are
characteristic of respective kinds of vegetable oils.
Significant differences between soy and sunflower
lecithins are in higher content of linoleic acid in
sunflower lecithin with little presence of linolenic acid.
Rapeseed lecithin is different from soy and sunflower
by the reverse ratio of oleic and linoleic acid acyls:
2:1 for rapeseed lecithin vs 1:3 for soybean, and
1:4.7 for sunflower lecithins. The total content of
saturated acids in rapeseed lecithin is 2 times lower,
compared to sunflower and soybean lecithin, which
is mainly determined by the low content of palmitic
acid. Given that the structure of fatty acid acyls has

significant influence on the processes of micelles’
formation of phospholipid molecules in nonpolar
media, as well as their behavior in the interphase
layer, the detected differences indicate potentially
different surface-active properties of various types of
lecithins, and, consequently, differences in their
technologically functional properties. Given that the
study objects were the liquid lecithins containing up
to 40% of neutral lipids, it was interesting to
determine the composition of fatty acid acyls in
substances insoluble in acetone. For this purpose,
lecithins were defatted with acetone; the obtained
samples were methylated and analyzed. The results
are shown in Table 4.

Table 4: Composition Of Fatty Acid Acyls Present In Insoluble In Acetone Substances In Lecithins

Name of fatty acid
Content of fatty acids, % of the sum

Soy lecithin Sunflower lecithin Rapeseed lecithin
C14:0 Tetradecanoate (myristic) 0.10 0.13 0.08
C16:0 Hexadecanoate (palmitic) 21.90 19.34 16.56
C17:0 Heptadecanoyl (margarine) 0.08 Absence Absence
C18:0 Octadecanoate (stearic) 4.58 3.78 2.78
C20:0 Eicosanoic (arachidic) 0.21 0.31 0.23
C22:0 Docosahexaenoic (behenic) 0.43 1.06 0.78
C24:0 Tetracosanoate (lignoceric) 0.41 0.45 0.31

 S 27.71 25.07 20.74
C16:1 Hexadecanoate (palmitoleic) 0.10 0.12 0.20
C18:1 Octadecenic (oleic) 10.66 10.82 52.74
C18:2 Octadecadienoic (linoleic) 55.37 63.39 24.13
C18:3Octadecatetraenic (linolenic) 6.11 0.41 1.86
C20:1 Eicosenoic (gadoleic) 0.05 0.19 0.14
C22:1 Docosanoic (erucidic) Absence Absence 0.19

 US 72.29 74.93 79.26
Note: Reproducibility factor for values less than 5% is ± 0.18; for values more than 5 % is ± 1.08
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Comparison of the data in Tables 3 and 4 shows that
differences in the composition of fatty acid acyls of
the insoluble in acetone substances and total lipids of
the studied lecithins are different. Thus, differences in
the content of saturated acids’ acyls, including
palmitic acid, are less pronounced for insoluble in
acetone substances. The ratio of acyls of oleic and
linoleic acids for insoluble in acetone substances in
rapeseed lecithin remained at the same level, while
for insoluble in acetone substances on soy and
sunflower lecithin it increased to 1:5.2 and 1:5,8,
respectively. One should note significantly lower
levels of linolenic acid acyls in the insoluble in
acetone substances of rapeseed lecithin, compared

to their content in total lipids. Thus, analyzing the
composition of the fatty acid acyls of lecithins, it is
advisable to analyze exactly the insoluble in acetone
fraction. The results of determining group
composition of phospholipids in the studied types of
lecithins are shown in Table 5.As follows from the
presented data, rapeseed lecithin differs by the least
content of phosphatidylcholines. Sunflower lecithin
features the greatest phosphatidylcholines to
phosphatidylethanolamines ratio, with the least
amount polyphosphatide acids. This shows that
sunflower lecithin has increased hydrophilic
properties, which, ceteris paribus, results in the ability
to stabilize direct (oil in water) emulsions.

Table 5: Group Composition Of Lecithins

Name of phospholipid groups
Contents of phospholipid groups, % to total

Soy lecithin Sunflower lecithin Rapeseed lecithin
Phosphatidylcholines (PC) 30 33 25
Phosphatidylethanolamines (PE) 25 20 20
Phosphatidylinositols (PI)) 16 18 18
Phosphatidic acids (PA) 4 6 6
Phosphatidylglycerols (PG) 9 12 13
Diphosphatidylglycerols (DPG) 6 7 7
Polyphosphatidic acids (PPA) 10 4 4
Ratio of PC/ PE 1.2:1.0 1.7:1.0 1.3:1.0

Given that certain groups of phospholipids are
complexes with unsaponifiable substances,
unsaponifiable fractions were isolated and their
composition was studied. It is shown (Table 6) that

the largest amount of unsaponifiable lipids is
contained in rapeseed lecithin.

Table 6: Content And Composition Of Unsaponifiable Lipids

Indicator name
Indicator value

Soy lecithin Sunflower lecithin Rapeseed lecithin
Content of unsaponifiable lipids, %, including: 1.7 2.6 2.0

tocopherols, including: 0.095 0.036 0.050
α - tocopherols 0.014 0.009 0.043
β - tocopherols absence absence 0.007
γ - tocopherols 0.067 0.027 absence
δ - tocopherols 0.014 absence absence
carotenoids 0.6 0.9 0.3

sterols 0.1 0.1 0.3

By the decreasing content of tocopherols, lecithins
are arranged in a row as follows: soy, sunflower,
rapeseed. Interestingly, tocopherols of soybean and
rapeseed lecithins are predominated by γ-
tocopherols with the best antioxidant properties,
while sunflower lecithin is dominated by α-tocopherol
showing the highest vitamin activity. Soy lecithin is
also characterized by the presence of δ-tocopherols,

which are absent in sunflower and rapeseed
lecithins. Given that natural phospholipids have
antioxidant propertie12, 13, the lecithins’ influence on
the induction period of model refined deodorized
sunflower oil has been comparatively studied. The
results are shown in Figure 2.
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Fig. 2: Influence Of Lecithins On Resistance To Oxidation Of Refined Deodorized Sunflower Oil:
1 – reference (induction period of 2.6 hours); 2 – sunflower lecithin (induction period of 4.0 h);
3 – rapeseed lecithin (induction period of 4.1 h);4 – soy lecithin (induction period of 5.2 h)

The dependencies in Figure 2 show that adding soy
lecithin in the amount of 1% results in increasing the
induction period of refined deodorized sunflower oil
over 2 times. Similar amounts of sunflower and
rapeseed lecithins ensure increasing the induction
period 1.7 times and 1.5 times, respectively. This is
consistent with the obtained data about fatty acid
acyls composition and the content of tocopherols in
the studied lecithins.An important property of
phospholipid molecules, which has largely
determined their surface and emulsifying ability, is
their ability to associate and form micelles. Given
this, the size of the associates formed by the
molecules of phospholipids in studied lecithins was
determined. For the experiment, samples of lecithins
were dispersed in a nonpolar solvent (hexane) in the
ratio of 1:100 at the temperature of 25oC with the
use of universal installation "IKA MagicLab" fitted with
a three-stage dispersing element (rotor rotation
speed 230 s-1). The results of the study are shown in
Figure 3. Given the positive correlation between the
ability to form micelles and surface activity, from the
presented data it follows that by ascending ability to
associate and form micelles, and, consequently, by
the surface activity, lecithins are placed in the
following order: rapeseed, sunflower, soy. Generally,
the obtained data show that lecithins from Russian
manufacturers obtained with the use of modern
technologies of degumming may be positioned as
competitive food ingredients, compared to the
standard liquid soy lecithins of foreign production.
With that, the essential advantage of Russian lecithins

is the absence of risks associated with the use of raw
materials subjected to genetic modification.

Conclusion
Modern lecithins produced in Russia, obtained with
the use of modern technologies of soybean,
sunflower and rape seed oils’ degumming are food
ingredients that are competitive to the standard liquid
soy lecithins of foreign production. Accordingly, they
may be used in food technology and in
microingredient technology as an emulsifying,
instantizing, solubilizing and encapsulating agent.
Essential advantage of Russian lecithins is the
absence of risks associated with the use of raw
materials subjected to genetic modification.
Compliance with the standards does not ensure
identity of physical, chemical and technologically
functional properties. To characterize and predict the
rate of manifestation of specific technologically
functional properties of used lecithins, it is necessary
to consider not only the features of the group
composition of phospholipids and fatty acid acyls,
but their structural characteristics as well. By
replacing one kind of lecithin with another, it is
necessary to adjust dosing and technological
methods of preparing and introducing them into
certain food systems.
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