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Abstract. Lecithins are widely used in the food industry as food additives. 
In this regard, the requirements for the lecithins quality are quite high, and 
the development of the rapid determination methods of their quality 
indicators, including the acid value, is an urgent task. The article presents 
research of the peculiarities of vegetable lecithins chemical composition for 
the development of a method for determining their acid value using the 
pulsed nuclear magnetic relaxation (NMR) method. It was found that the 
studied lecithins differ significantly in the content of individual phospholipid 
groups exhibiting acidic properties. As a result of the research of the fatty 
acid composition of the lecithins acetone-soluble fractions, it was found that 
the highest total content of monounsaturated fatty acids is a characteristic of 
sunflower oleic type lecithins (81.3 %) and rapeseed lecithins (66.3 %), and 
polyunsaturated fatty acids – sunflower linoleic type lecithins (63.6 %) and 
soybean lecithins (67.7 %).  Researches of the NMR characteristics of 
lecithins with the introduction of carbon tetrachloride (CCl4) have been 
carried out. It was found that the redistribution of component composition 
in the "lecithin-CCl4" system occurs at different ratios for each type of 
lecithin, which is due to their chemical composition peculiarities. 

1 Introduction  

Vegetable lecithins are by-products obtained from the oilseeds processing [1]. Vegetable 
lecithins are a multicomponent system consisting mainly of phospholipids, triacylglycerols 
(TAG), and a small amount of other oilseeds cell membranes structural components (free 
fatty acids, glycolipids, etc.) [2, 3]. Phospholipids and other polar lipids are insoluble in 
acetone and contained in the acetone-insoluble fraction of lecithins, while the molecules of 
TAG and free fatty acids (FFA) are contained in the acetone-soluble fraction [4]. 
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Lecithins are widely used in food technology as food additives due to their unique 
properties [5-8]. 

The main raw material for the production of lecithins in the world is soybean. This is 
related, firstly, to the large areas of soybean cultivation and the volume of soybean oil 
production, and, secondly, to the high content of phospholipids in soybean oil (up to 3.0%) 
compared to other vegetable oils [9-11]. In industrial volumes, lecithins are also produced 
from sunflower and rapeseed oils [12, 13].  

In Russia, the main oilseed crop is sunflower. It should be noted that Russia and Ukraine 
are the main world producers of sunflower seeds and oil from it, and, consequently, lecithins. 
Usually raw material for the sunflower lecithin production is oil obtained during the 
processing of sunflower seeds of modern selection with linoleic acid predominance up to 
77.0 %. 

However, at present, in Russia, the sown area of high oleic sunflower varieties and 
hybrids and the oil production volume from it with oleic acid predominance has increased to 
92.0 %, at the same time, the production volumes of sunflower oleic type lecithin are 
insignificant. 

The main lecithins quality indicators, which are regulated by both Russian standards and 
foreign regulations, are: the content of acetone-insoluble (AI) matter, that is, polar lipids; 
moisture and volatile matter; the content of toluene insoluble matter; acid value (AV) and 
peroxide value [4, 14]. 

It should be noted that the standard methods for determining some of the listed parameters 
are prolonged and require the use of a sufficiently large chemical reagents amount, and 
laboratory assistant qualification affects the measurement results accuracy. 

Thus, the instrumental methods development for the operational and automated 
determination of lecithin quality indicators is an urgent task.  

One of the promising methods, on the basis of which it is possible to determine the lipid-
containing products quality indicators, including lecithin, is the pulsed nuclear magnetic 
relaxation (NMR) method [15].  

The aim of the research was to investigate the features of the food additives chemical 
composition - plant lecithins to develop a method for determining their acid number using 
the pulsed NMR method. 

2 Materials and methods 
The objects of the study were samples of liquid vegetable lecithins produced at Russian oil 
and fat factories: soybean, rapeseed, sunflower linoleic and sunflower oleic types. Ten 
samples of liquid lecithins of each type with AI 62.5 % were taken for the study. 

The studied samples of lecithin were selected in such a way that their physicochemical 
indicators were as close as possible. Physicochemical indicators were analyzed according to 
the Russian standard. 

To determine the content of FFA in the acetone-soluble fraction of lecithins, they were 
saponified with a sodium hydroxide solution. The obtained soaps were decomposed with a 
solution of sulfuric acid with the release of fatty acids, which were quantitatively extracted 
with a solvent, the solvent was distilled off under vacuum, and the isolated fatty acids were 
dried to constant weight. 

The fatty acid composition of the acetone-soluble and acetone-insoluble fractions of 
lecithin was determined using the gas-liquid chromatography method on a chromatograph 
"Chromatek-Crystal 5000" (ZAO SKB "Сhromatek", Russia). 

The composition and content of individual phospholipids of lecithins was investigated 
using the thin layer chromatography (TLC) method with densitometric plates identification. 
For TLC method, plates with a layer of silica gel on an aluminum substrate of Sorbfil brand 
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and a solvent system of chloroform, methanol and water in the volume proportion 65:25:4 
were used. In addition, the identification of individual phospholipids was carried out using 
high performance liquid chromatography on an Agilent 1260 Infinity chromatograph 
(Agilent Technology, United States). 

The nuclear magnetic relaxation characteristics lecithin samples were studied on an 
upgraded AMV-1006M NMR analyzer (VNIIMK, Russia), which is based on the proton 
magnetic resonance method. 

The research was carried out using the equipment of the Research Center for Food and 
Chemical Technologies of KubSTU (ckp_3111). 

3 Results and discussion  

The AV of lecithins depends on the content of lipids, exhibiting acidic properties, which 
include FFA and some phospholipids, such as phosphatidylserine (PS) and phosphatidic acid 
(PA). 

It was found that in the studied lecithin samples the FFA content is in the range of 4.5 - 
4.8 % and does not depend on the vegetable lecithin type. 

The content of phospholipids, exhibiting acidic properties in the studied lecithin samples 
are shown in Fig. 1. 

 

 
Fig.1. The content of individual phospholipids exhibiting acidic properties in lecithins 

The content of PS is highest for rapeseed lecithins compared to another studied lecithins 
samples. The highest content of PA has soybean lecithin in comparison with sunflower 
lecithins of linoleic and oleic types, as well as with rapeseed ones. 

It should be noted that in terms of the content of phospholipids, exhibiting acidic 
properties, sunflower linoleic type lecithin practically does not differ from sunflower oleic 
type lecithin. 

At the next stage, the fatty acids composition of acetone-soluble and acetone-insoluble 
fractions of lecithins was investigated, since the degree of saturation of fatty acids affects the 
structure and association of FFA, TAG and phospholipid molecules in lecithin. 

Fig. 2 shows the data characterizing the total content of saturated (SFA), monounsaturated 
(MUFA) and polyunsaturated (PUFA) fatty acids in the acetone-soluble and acetone-
insoluble fractions of lecithins. 

From the data presented in Fig. 2 (A), it can be seen that the total content of SFA, MUFA, 
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and PUFA in the acetone-soluble fractions of the vegetable lecithin samples significantly 
differ. 

 
A)      B) 

Fig.2. Fatty acid composition of acetone-soluble (A) and acetone-insoluble (B) fractions of:       
soybean lecithin (     );rapeseed lecithin (     ); sunflower linoleic type lecithin (     );  
sunflower oleic type lecithin (      ) 

The highest concentration of MUFA has acetone-soluble fractions of sunflower oleic type 
lecithins (81.3 %) and rapseed lecithins (66.3 %). The highest concentration of PUFA has 
acetone-soluble fractions of sunflower linoleic type lecithins (63.6%) and soybeans lecithins 
(67.7 %). 

Considering that SFA and MUFA are most prone to the formation of associates-dimers, 
compared with PUFA, the molecules of FFA and TAG in the acetone-soluble fractions of 
sunflower lecithins oleic type and rapeseed lecithins are more prone to association as 
compared to soybean lecithins and sunflower lecithins linoleic type. 

Fatty acid composition of acetone-insoluble fraction of lecithins changes similarly (Fig.2 
(B)). However, the fatty acid composition of the acetone-insoluble lecithins fraction is more 
saturated than that of the acetone-soluble lecithins fraction. 

In [16], we showed that to develop a method for determining the AV of lecithins using 
the pulsed NMR method, it is necessary to convert lipids exhibiting acidic properties (FFA, 
PS and PA) into sodium soaps using sodium hydroxide.  

However, vegetable lecithins are complex systems, while TAG, FFA and phospholipids 
in lecithins are in the form of individual molecules, as well as associates-dimers and micelles 
of various orders. 

Taking this into account, it is necessary to reduce the degree of micelle formation of 
phospholipids and association of FFA by adding a non-polar solvent to lecithin, which will 
increase the individual molecules content in the system. 

In [17, 18], data are given characterizing the process of micelle formation of 
phospholipids of vegetable lecithins in a non-polar solvent - carbon tetrachloride (CCl4).  

We found that vegetable lecithins, according to their ability to micelle formation in CCl4, 
can be arranged in a row (in ascending order): soybean, rapeseed, sunflower linoleic type, 
sunflower oleic type. 

At the next stage, we investigated the nuclear magnetic relaxation characteristics of 
lecithins and the change in these characteristics upon the introduction of CCl4 in a certain 
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weight ratio.  
It should be noted that the amplitude of the NMR signals allows one to quantify the 

content of individual components in the system. 
Fig. 3 shows a comparative assessment of the content of protons of components in lecithin 

(control) and in the "lecithin - CCl4" system for the studied lecithin samples. 

 
A)      B) 

 
C)      D) 

Fig.3. Comparative assessment of the content of protons of components in lecithin (control) and in the 
system "lecithin – CCl4" for: A) soybean lecithin; B) rapeseed lecithin; C) sunflower linoleic type 
lecithin; D) sunflower oleic type lecithin 

It has been found that when CCl4 is added to lecithins, regardless of lecithin type, 
redistribution of the individual components content occurs in the "lecithin-CCl4" system. 

The first component (A1), which characterizes the content of TAG and FFA individual 
molecules in the system, increases due to the release of these molecules from associate-
dimers. The second component (A2), which characterizes the content of TAG and FFA 
associates-dimers in the system, decreases. The third component (A3), which characterizes 
the content of phospholipids in the low-order micelles form in the system, increases, and the 
fourth component (A4), which characterizes the content of phospholipids in the high-order 
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micelles form in the system, decreases. 
Such a redistribution of individual components is achieved with a different ratio of 

lecithin and CCl4 in the system and depends on the lecithin type. This is due to the 
peculiarities of the studied vegetable lecithins chemical composition, and, consequently, to 
the difference in the ability of the molecules of TAG, FFA, and phospholipids contained in 
lecithins to associate and micelle formation. 

4 Conclusions 
Based on the research, it can be concluded that in order to develop the method for determining 
the acid value of food additives - vegetable lecithins using the pulsed NMR method, it is 
necessary to carry out a special sample preparation for each vegetable lecithin type, which is 
due to the their chemical composition peculiarities. In this case, the procedure for measuring 
the acid value can be the same for all vegetable lecithins types. 
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