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Abstract

The present research assesses the potential of rapeseed oil soapstock for producing lecithin
and its application in the food industry in the context of the circular economy and bioe-
conomy. The theoretical part summarizes information on the types of lecithin and its
production technologies and functional properties, while the empirical part combines
semi-structured interviews with 30 experts and company representatives (in Latvia and
abroad) and a laboratory experiment with rapeseed soapstock samples. The data provided
by the experts were analyzed using descriptive statistics and thematic analysis, while the
soapstock samples were tested for dry matter, lipid content, and lecithin and acid oil yield
using the techniques of n-hexane Soxhlet extraction and fractionation with cold acetone.
The experts’ ratings showed that rapeseed lecithin is technologically competitive with
soybean and sunflower lecithin, especially to produce bread, flour confectionery, as well
as oil and fat, thereby providing good emulsification capability, texture improvement,
and stabilization. The highest potential for the introduction of rapeseed lecithin has been
identified in the oil and fat, bread and flour confectionery segments, but wider use is
currently hampered by high production costs and lower market visibility. This research
demonstrated the practical possibility of isolating lecithin from rapeseed oil soapstock. The
laboratory experiment revealed that it is possible to obtain lecithin from rapeseed soapstock
in amounts of 1.4–5.2% of the total weight of soapstock (6.2–23.5% of dry matter), which
confirmed the usability of rapeseed soapstock as a raw material for lecithin production.
The results confirm that the use of rapeseed oil soapstock to produce lecithin can reduce
the amount of industrial waste and increase resource efficiency, thus reducing dependence
on imported soybean lecithin. Rapeseed lecithin can be found as a sustainable alternative
to soybean and sunflower lecithin with potential for oil and fat and bread production.

Keywords: rapeseed oil soapstock; lecithin; circular economy; food production; sustainability;
emulsifier

1. Introduction
Over the last ten years, rapeseed oil output has increased significantly, reaching more

than 32 million tons in 2022 (Figure 1). According to some researchers [1], rapeseed is
the most productive oil crop in the world. This confirms the stable availability of raw
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materials and creates prerequisites for the expansion of the rapeseed lecithin market, and
it increases the availability of raw materials for the production of rapeseed lecithin from
waste of rapeseed oil production, e.g., rapeseed soapstock.

Figure 1. Output of rapeseed oil worldwide from 2012/13 to 2023/24 (in million metric tons and
percentage change). Source: authors’ construction based on statistical data provided by Statista [2].

The production of rapeseed (Figure 1) generally shows a steady upward trend, in-
creasing from approximately 26 million tons in 2012/2013 to nearly 34 million tons in
2022/2023. In 2023/2024, production levels stabilized. Year-to-year changes throughout
most of the analyzed period remained moderate (2–6%), with larger fluctuations only in
isolated cases. The largest increase, both in total production volume and in percentage
growth, was observed in 2022/2023, when rapeseed output rose by approximately 12%.

Given increasing environmental sustainability requirements and circular economy
principles, it is important to assess the potential for reusing food-industry by-products,
including their valorization as sources for food emulsifiers [3].

Food emulsifiers stabilize mixtures of immiscible liquids (e.g., oil and water) by reduc-
ing interfacial tension and are widely applied to improve the texture, stability, and sensory
quality of products such as margarine, mayonnaise, sauces, dairy foods, and flour con-
fectionery [4,5]. Among these, natural emulsifiers—particularly phospholipids (lecithins)
with amphiphilic structure—are especially relevant due to their broad functionality in food
formulations, including roles as emulsifiers, stabilizers, wetting agents, and dispersants [6].

Lecithin is a by-product of the vegetable oil-refining process and can be defined
as a mixture of acetone-insoluble polar lipids and vegetable oil, alongside other minor
components. Commercial lecithin is mostly produced from soybean oil, typically containing
between 0.5 and 3% of phospholipids [7]. The functional properties of lecithin are mainly
caused by the surface-active character of its phospholipids. They consist of a glycerol
backbone esterified with two fatty acids and a phosphate group, which might be esterified
with monovalent alcohols (for example, choline or ethanolamine) or polyvalent alcohols
(such as glycerol or inositol) [8].

One of the components of lecithin is phosphatidylcholine (true lecithin), and its emulsi-
fying, separating, lubricating, and surface-active properties help to optimize, improve, and
enhance many technical processes in the food manufacturing cycle. Phosphatidylcholine
content in rapeseed lecithin is higher than that in soybeans [9]. Commercially available
lecithin is mainly extracted from soybeans using organic solvents and separated from other
lipids using the techniques of hydration and precipitation with cold acetone [10].
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Rapeseed oil soapstock is an aqueous emulsion of lipids, containing water, salts of fatty
acids, acylglycerols, phospholipids, pigments, and minor inorganic components. Soapstock
has a low commercial value, and it is mostly used for acid oil production via acidulation
and water phase separation. Acid oil is oily material containing fatty acids, acylglycerols,
phospholipids, and other oil-soluble minor components.

The present research aims to assess the possibilities of using rapeseed oil soapstock
for the isolation of lecithin as well as to analyze the technological properties of rapeseed
lecithin and its application in food production based on the expert ratings and the results of
laboratory experiments. Utilizing local resources—rapeseed soapstock—reduces the need
for importing soybean lecithin, providing independence from imports and supporting the
local economy.

2. Lecithin: Production Technologies, Types, Functional Properties,
and Sources
2.1. Producing Lecithin in the Refining of Vegetable Oils and the Types of Lecithin

Most food manufacturers and food chemists understand the term ‘lecithin’ to mean a
natural, complex mixture of phospholipids, while chemists, biochemists, and pharmacists
understand ‘lecithin’ to mean a chemically pure phospholipid—phosphatidylcholine [11].
Lecithin has several alternative names, including vitellin, lecitina, vitelline, ovolecithin,
vegilecithin, soybean lecithin, egg lecithin, and soybean phospholipid [12]. The commercial
term ‘lecithin’ generally means a composition of lipid constituents and surface-active
compounds rather than a single chemical entity called phosphatidylcholine [13] that is
obtained during the degumming process of crude vegetable oils—a crucial step in edible
oil refining that removes phospholipids and other impurities. Three principal methods
are commonly used to refine vegetable oils: enzymatic refining, physical refining, and
chemical refining, with the latter being the most widely practiced at an industrial scale [14].
Within refining routes, three main degumming stage techniques are typically employed:
water degumming, acid degumming, and enzymatic degumming. Among these, water
degumming remains the most common and economically favorable method for producing
commercial lecithin [15,16]. This process not only facilitates the recovery of phospholipids
for lecithin production but also contributes to the purification and improved quality of the
refined oil.

Water degumming is the first step in refining vegetable oils and aims to remove
impurities—mostly phospholipids, commonly known as gums in the oil refining indus-
try. The gums are formed when the oil absorbs water, causing certain phospholipids to
hydrate and become insoluble in oil. They consist primarily of phospholipids, entrained
oil, and small meal particles. The efficiency of water degumming depends largely on the
hydrophilicity of the phospholipids. When non-hydratable phospholipids are present, acid
degumming is applied by adding phosphoric, sulfuric, or citric acid to adjust the pH and
dissociate metal–phospholipid complexes. The treated oil is then cooled, promoting the
formation of a precipitate that can be separated centrifugally [17]. The separated precipitate
or gums can subsequently be processed to recover phospholipids or lecithin.

In the next step, known as neutralization, a sodium hydroxide solution is added to
the oil to convert free fatty acids into sodium salts (soaps). A slight excess of sodium
hydroxide ensures the complete removal of free fatty acids. The resulting mixture is then
separated in a centrifugal separator into neutralized oil and soapstock. After separation,
the oil is washed with hot water to remove any residual soaps, then dried under a vacuum.
The resulting soapstock is a complex mixture containing soaps, other removed impurities,
excess sodium hydroxide, and some remaining oil, as complete phase separation is rarely
achieved [18].
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Lecithin is most easily obtained from water-degummed oil, but in some refining sys-
tems, water and acid degumming and neutralization are performed consecutively, without
intermediate gum separation. This produces a mixed soapstock composed mainly of alka-
line water (32–67%), fatty acids as soaps (10–28%), phospholipids (5–9%), and acylglycerols
(12–13%) [19]. Such soapstock could be applied for lecithin isolation; this approach was
carried out for soybean oil soapstock with the main objective to produce biodiesel from
separated acid oil [20]. It is also well established that phosphatides could be separated
from other lipids by dissolving the lipid material in an approximately six-fold volume of
cold acetone, followed by filtration to remove the precipitated phosphatides [20,21].

Depending on the extraction technology, lecithin can be classified into four main
types (see Table 1). Chemically modified lecithin is also available, where purified lecithin
undergoes chemical reactions, thereby producing products with altered structure and
applications [22–24].

Table 1. Types of lecithin depending on the production technology and use in food production.

Type of Lecithin Production Technology Changes in Composition
and Properties

Technological Effects and
Consequences Sources

Standard (fluid/regular)
lecithin

Lecithin is produced by
hydrating vegetable oils; the
separated gums are dried and
homogenized with oil to
produce a standardized liquid
product

Natural mixture of
phospholipids with
triglycerides; high
lipophilicity and solubility
in the fat phase

Universal emulsifier and
humidifier; it stabilizes
dispersions, modulates
viscosity and
crystallization

[22–30]

Hydrolyzed lecithin
(lysolecithin)

Industrially, enzymatic
hydrolysis of phospholipids
(usually with phospholipase
A2) is applied, controlling the
degree of hydrolysis according
to the required properties

The proportion of
lysophospholipids
increases; hydrophilicity
and surfactants in the
aquatic environment
increase; dissolution and
dispersion in the aqueous
phase are improved

Improved oil–water
emulsification and
stability; faster
humidification, less
dustiness

[23,25,26,28–35]

De-oiled lecithin

Neutral lipids are selectively
extracted from standard
lecithin using an organic
solvent such as acetone,
resulting in a powder or
granules with a high content of
acetone-insoluble substances

The phospholipid content
usually exceeds 95 percent;
neutral taste and color;
better dispersion in the
aquatic environment;
more accurate dosing

Suitable as an emulsifier
and
moisturizing/dispersing
agent for dry form; it
promotes the formation of
instantly soluble products
and reduces particle
aggregation

[23,25,26,28–30,36,37]

Fractionated lecithin

Selective fractionation, e.g., in
alcohols, extracting
phosphatidylcholine or
anionic phospholipid-enriched
fractions; available as both
fat-free and liquid. Enzyme,
ultrafiltration, or supercritical
CO2 technologies are also
applied to purify and
concentrate
phosphatidylcholine

Altered phospholipid
profile; improved
emulsibility and stability
of suspensions. A high
content of bioactive
phospholipids is obtained
while maintaining
naturalness

Increased functional
activity according to the
fraction; more pronounced
inhibition of
crystallization and the
formation of a finer
texture. Suitable for
functional foods and
nutraceutical products

[23–26,30,35,38–40]

Source: authors’ compilation based on the relevant literature.

A comparison of the types of lecithin reveals that the production technique determines
changes in composition and properties, as well as how lecithin behaves in food systems.
Standard (liquid) lecithin produced in the hydration/reflux process performs well in the
fat phase and helps to retain emulsions. Enzymatically hydrolyzed lecithin, having more
lysophospholipids, more easily “performs” in the aqueous phase and more efficiently
forms oil and water emulsions. Fat-free lecithin with a higher proportion of phospholipids
is usually more neutral in taste and color; therefore, it is convenient for dry form and
instantly soluble products. Fractionated lecithin, in contrast, with individual fractions
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being purposefully enriched, allows for precise regulation of emulsifiability, inhibition of
crystallization, and the formation of a finer texture.

In practical terms, this means that when moving from standard to hydrolyzed, de-
oiled, and fractionated variants of lecithin, its adaptability to water-phase systems and
overall “accuracy” in technological operations increases. Accordingly, the information in
Table 1 serves as a simple choice map: a type of lecithin could be selected for a particular
formulation that is expected to improve emulsification, dispersion, and texture of the
final product in the production of foods, where the process requires the use of one of the
types of lecithin, e.g., in chocolate products, in which lecithin acts as an emulsifier, thereby
improving texture and preventing separation of ingredients [41,42].

Lecithin improves the texture of the dough and also extends the shelf life, thus helping
to retain moisture in flour confectionery [43,44]. In margarine and lubricants, in contrast,
lecithin provides stability and prevents splashing by maintaining the dispersion of fine
water droplets in the oil phase [45–48]. In soups and sauces, lecithin helps to maintain a
homogeneous texture [45,48,49].

Understanding the types, extraction techniques, and applications of lecithin is crucial
for its effective use in the food industry, thereby ensuring product quality and meeting
consumer preferences.

2.2. Sources of Lecithin and a Comparison of Rapeseed, Soybean, and Sunflower Lecithins

A research study conducted by Topuz et al. (2021) revealed that lecithin can be
produced from various oils (soybean, rapeseed, sunflower, corn, camelina, peanut), and
it can be isolated from milk, egg yolk, and marine organisms [50]. The most widely used
lecithin in the food industry is soybean lecithin, mainly due to its cost-effectiveness and
excellent emulsifying properties [14,51,52]. According to the results of a research study
conducted by Alhajj et al. (2020) [22], soybeans are also the most researched source of
lecithin, followed by lecithin from sunflower seeds and egg yolk.

In the EU, GM-derived soybean lecithin is largely shaped by labeling rules that
require disclosure for ingredients “produced from GMOs” [53,54]. Consequently, many
producers either buy non-GMO soybeans or pivot to sunflower lecithin to avoid a GMO
label on finished products [25,55–57]. Li and Guo (2016) [58] indicated that rapeseed, on the
contrary, does not have GMO problem, thus making rapeseed oil one of the most promising
feedstocks for lecithin production, and more phenolics exist in rapeseed than in the other
oilseeds. Phenolics, on the one hand, are potent antioxidants, but on the other hand, they
have a bitter taste, leading to an urgent need for investigation of the phenolic distribution
in gums from different processes. This could benefit further commercialization of rapeseed
lecithin production.

Canola and rapeseed belong to one of the most widespread and diverse cultivated
plants known as the Brassica genus. Canola was created through traditional plant cross-
breeding by removing two components found in the rapeseed plant: glucosinolates (less
than 30 micromoles per gram) and erucic acid (less than 2%). Erucic acid was removed
because it was believed to be inedible or toxic in high doses. The newly developed plant
was renamed “canola,” a combination of “Canadian” and “oil” (or ola), to make this
difference apparent [59]. Later, canola was genetically modified to withstand herbicides.
Low-erucic-acid rapeseed (LEAR) varieties or 00-rapeseed varieties were developed in
Europe later than canola and used in oil production. Rapeseed oil and canola may also
be confused because they can be labeled incorrectly outside of Canada and the United
States [60,61]. In the present research, the name “rapeseed” represents both canola and
rapeseed, which is used for the production of food oil and lecithin.
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A research study [62] showed that rapeseed lecithin liposomes not only have stable
physicochemical properties but also help to boost antioxidant and anti-inflammatory effects.
In practice, this means that rapeseed lecithin liposomes can protect and enhance the activity
of valuable bioactive compounds, thus making them a useful tool for developing healthier
functional foods and nutraceuticals.

Rapeseed lecithin is commonly used in the preparation of a wide range of food
products, medications, and cosmetics. Rapeseed lecithin extends the shelf life of food,
medication, and cosmetic products and also acts as an emulsifier. Rapeseed lecithin is
used as a cholesterol reducer and to prevent digestive issues. Rapeseed lecithin is used to
improve the immune system, particularly in people with diabetes [63]. Bende [64] indicated
that lecithin can be used in the food industry as an emulsifier, stabilizer, texturizing
agent, wetting agent, and food supplement. Food manufacturers can easily use rapeseed
lecithin in their food products with very few adaptations. Rapeseed lecithin is used as
an emulsification, stabilization, softening, wetting, blending, and flavoring agent and a
neutral colorant in a wide range of food products due to its versatile functionality [63].

Sunflower lecithin is not produced in considerable amounts worldwide. This fact is
mainly because of the low lecithin content (0.2–0.8%) of crude sunflower oil, compared
with 2.9% for soybean, 1.9% for rapeseed, 2.4% for cottonseed, and 2.0–2.7% for corn oil
(normalized at 70% of insolubles in acetone) [65]. Maxwell [51], Bende [64], and Guiotto
et al. [66] indicated that sunflower lecithin has emerged as a popular alternative to soybean
lecithin, particularly for consumers seeking non-GMO and allergen-free options. Lecithin
modification under industrial conditions with adequate techniques of analysis could be use-
ful for evaluating the potential applications of these sunflower byproducts to produce new
emulsifiers. Guiotto et al. [66] presented a focused review of sunflower lecithin as a func-
tionally equivalent—sometimes superior—alternative to soybean lecithin, examining its
phospholipid profile, emulsifying performance, oxidative stability, and processing behavior
in food emulsions. Guiotto highlights non-GMO and allergen advantages, “clean-label”
alignment, and supply-chain considerations (cost and availability), outlining formulation
adjustments stemming from its different phosphatidylcholine/inositol ratios compared
with soybean.

3. Materials and Methods
Partially structured interviews were conducted as part of the research grant Evaluation

of waste processing from rapeseed oil production (No. RTU-PA-2024/1-0038) during the
period from January to June 2025. The interviews were developed and conducted in
accordance with the approval of the RTU Research Ethics Committee (No. RTU-PEK-
011/2024, Riga, 28/11/2024) following the principles of the Helsinki Declaration. The data
were anonymized, and participation in the interviews was voluntary, with prior informed
consent. The purpose of the interviews was to assess the potential for the use of rapeseed
oil soapstock for lecithin production and the market prospects for such lecithin in the
food industry. The results of the interviews made it possible to obtain both quantitative
and qualitative assessments and insights into the experience, attitudes, and perspectives
of the experts and companies. A total of 30 experts or entrepreneurs participated in the
interviews, of which 8 were foreign experts—researchers or food technology professionals
with international experience—and 22 were local representatives—Latvian food industry
companies and experts. Of the foreign experts, eight were international specialists from
Lithuania, representing research and professional experience within the regional Baltic
food and oil processing sector.

The number of interview participants is consistent with methodological recommen-
dations for qualitative and expert-based research. Previous studies indicate that in-depth
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or semi-structured interviews with approximately 15–30 experts are sufficient to achieve
data saturation, thematic completeness, and analytical robustness, particularly when par-
ticipants are selected based on their professional expertise and relevance to the research
topic [67–69].

The characteristics of the interview participants/experts are summarized in Table 2,
which illustrates the diversity of competencies among the participants and the breadth
of the professional environment represented. Such diversity is considered essential in
expert studies addressing technological innovation and market potential, as it enhances the
credibility and transferability of the findings [70].

Table 2. Characteristics of interview participants, %.

Role of the respondent:

Food technologist 29.4

Food engineer 11.8

Food chemist 2.9

Food quality manager 8.8

Researcher/academic 23.5

Manager/management representative of a food manufacturing company 23.5

Work experience (practical/research) in the food production sector:

Less than 1 year 20.0

1–3 years 13.3

4–7 years 23.3

More than 7 years 43.3

Current occupation:

Research (food technology, functionality of ingredients, etc.) 34.4

Food production—additives (lecithin, emulsifiers, etc.) 3.1

Food production—baking and flour confectionery 40.6

Food production—beverages and juices 9.4

Research and food production at the same time 12.5
Source: authors’ construction based on semi-structured expert interviews.

The experts/entrepreneurs were selected based on their expertise in the use of or
research on lecithin in the food industry. The interviews were conducted in two languages:
Latvian and English. The question groups were as follows:

I. Technological efficiency;
II. Economic viability;
III. Environmental sustainability and technological benefits;
IV. Market potential and competitiveness;
V. Legal and quality aspects;
VI. Investment potential and return prospects;
VII. Product diversity and by-products;
VIII. Professional profile.

Both descriptive (statistical) analysis and thematic (qualitative) analysis were per-
formed. Quantitative data were analyzed with Microsoft Excel and the Statistical Package
for the Social Sciences (SPSS version 23) (percentage distribution tables, cross-tabulation
tables, etc.). Qualitative comments and open-ended responses were processed using Quali-
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tative Data Analysis Software NVivo Version 14, performing a content analysis and coding
by thematic category.

The response option “do not know/cannot evaluate” was excluded from the quantita-
tive analysis because it did not reflect the respondents’ attitudes toward the phenomenon
under assessment. Instead, this option indicates a lack of information or experience related
to the specific issue. For example, 60% of the experts had not been involved in the lecithin
production process, and 26.7% reported insufficient information regarding by-products.

The interpretation of such answers as neutral on the scale would not be methodolog-
ically justified, since they do not provide an assessment but instead indicate a lack of
information or uncertainty. The high proportion of such responses confirmed that the use
of rapeseed lecithin in food production was at an early stage of implementation, which was
consistent with the diffusion process of innovation described by Dearing and Cox [71], i.e.,
a social process that occurs when innovation is disseminated in a particular societal system
through communication channels over time.

The role of early adopters and science-driven innovation transfers is particularly
important at this stage. Therefore, the inclusion of such answers for the calculation of
average scores could artificially lower the results and reduce the comparability of data on
lecithin types and industries.

Regarding the profiles of the experts as respondents, the largest share was made up of
food technologists (29.4%) with more than 7 years of work experience (practical/research)
in food production (43.3%). The current occupation of the respondents related to practical
food processing—baking and flour confectionery products (40.6%). Therefore, the experts
involved in the interviews provided both a practical and scientific view of the application of
lecithin in the food industry. The expert profile was designed to obtain an interdisciplinary
view of the potential for the use of rapeseed lecithin and to assess the early nature of the
spread of technological innovations in the food industry.

Four batches of soapstock were used in a chemistry laboratory experiment, obtained
from the chemical refining process of rapeseed oil production at BioVenta, Ltd., Ventspils,
Latvia. Soapstock was stored at +4 ◦C and used within one week of receiving, or alter-
natively, soapstock was frozen and stored at –20 ◦C. Before use, soapstock was thawed
if necessary and shaken to homogenize. Reagents were used as received: sulfuric acid
(97%, Fluka, Buchs, Switzerland), n-hexane (95%, Chempur, Piekary Slaskie, Poland), and
acetone (99%, Chempur). The dry residue of the soapstock samples was determined using
a moisture analyzer, Precisa EM 120-HR (Precisa Gravimetrics AG, Dietikon, Switzerland).

The soapstock (100.00 g) was acidulated via drop-wise addition of concentrated sulfu-
ric acid to obtain a pH of 3; the water was removed via centrifugation (10 min at 8000 rpm,
Sigma 4K15 Sartorius (Sigma Laborzentrifugen GmbH, Osterode am Harz, Germany)
centrifuge), and the residue was mixed with clean sand (mass 4 times exceeding the
mass of the calculated dry residue of the soapstock sample) and dried at 103 ◦C. Soxhlet
extraction [72] of soapstock with sand was performed for 25 cycles using n-hexane (200
mL) as a solvent. The evaporated Soxhlet extract was weighed and further separated by
adding cooled acetone (5 ◦C) in a volume 5 times that of the extract mass. The sample was
stirred and refrigerated for 1 h. Then, the sample was filtered. The acetone insoluble frac-
tion (phospholipids) was dried in a Vaciotem-T (J.P.Selecta S.A, Barcelona, Spain) vacuum
drying oven at 50 ◦C to a constant weight, but the mother liquor was evaporated to yield
acid oil.

Thin layer chromatography (TLC) was performed using TLC Silica gel 60 F254 alu-
minum sheets, 20 × 20 cm (Merck KGaA, Darmstadt, Germany) and eluent composed
of chloroform (99.8%, Merck), methanol (99.9%, Fisher Chemical, Loughborough, UK),
acetic acid (99.8%, Lachner, Neratovice, Czech Republic), and distilled water in a volume
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ratio of 25:4:4:1) [10]. Soy phosphatidylcholine (95%, Cayman Chemical Company, Ann
Arbor, USA) and granulated de-oiled rapeseed lecithin (97%, My Lecithin, Neu Wulmstorf,
Germany) were used as standards. TLC spots were visualized in iodine vapor.

4. Results
4.1. Assessment of the Technological Properties of Lecithin for Food Production

The experts rated the properties of the lecithin types (soybean, sunflower, rapeseed)
(emulsification capacity, texture improvement, stabilization, and other significant tech-
nological impacts) for food production (flour confectionery, bread, oil and fat, and dairy
products) on the following scale: “not effective”, “little effective”, “moderately effective”,
“effective”, and “very effective”.

Figure 2 shows that the experts considered lecithins to be application-specific ingre-
dients, with preferences shaped by the product matrix and processing demands rather
than by emulsifying capacity alone [25,73]. Higher ratings for sunflower lecithin in flour
confectionery and dairy likely reflect a pragmatic fit for “sensitive” products, where pro-
ducers value sensory neutrality and market/label expectations while maintaining effective
emulsification [16,74]. In bakery products, stronger evaluations for rapeseed and soy
lecithin are consistent with evidence that lecithin-type emulsifiers can improve dough
rheology and aeration and thereby support bread structure and texture under processing
stresses [75,76]. In dairy systems, expert preferences also align with research highlighting
phospholipid–protein and interfacial interactions that can enhance emulsion and heat
stability [77]. Overall, because compositional and functional differences between soy, sun-
flower, and rapeseed lecithins are often modest, the “best” option is typically determined
by application constraints (sensory impact, labeling, and process robustness) in addition to
emulsification performance [25,78].

 

Figure 2. Ratings of the properties of lecithin for food production in terms of the suitability of the
type of lecithin and the emulsification capacity. Source: authors’ construction based on the results of
the expert interviews.

4.2. Texture Improvement, Stabilization, and Other Technological Impacts for Food Production

Figure 3 indicates that experts view texture improvement as matrix-dependent,
not as a universal advantage of one lecithin type. Rapeseed lecithin’s stronger evalu-
ation in flour confectionery is consistent with findings that lecithin origin/phospholipid
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profile can alter viscosity and crystallization in fat-based systems, shaping perceived
smoothness [9]. Preference for sunflower lecithin in oils and fats aligns with evidence that
sunflower (especially PC-enriched) lecithins can enhance emulsion stability and droplet
structuring [25,79,80]. Similar ratings in bakery products match research showing lecithins
act mainly via dough/bread structure mechanisms, with effects often driven more by
dosage and processing than botanical origin [75,76,81]. In dairy, soy lecithin’s slight
advantage is consistent with phospholipid–protein interfacial interactions that support
emulsion/heat stability [77,78]. Overall, because differences among vegetable lecithins
are often modest, selection typically depends on product requirements and processing
constraints [16,73].

 

Figure 3. Ratings of the properties of lecithin required for food production in terms of the suitability
of the type of lecithin and the capability to improve the texture. Source: authors’ construction based
on the results of expert interviews.

Figure 4 indicates that experts see stabilization as highly application- and matrix-
dependent, rather than a fixed advantage of one lecithin source [16,25,73]. The preference
for rapeseed lecithin in flour confectionery and in oils/fats is consistent with evidence
from fat-rich systems showing that lecithin origin and phospholipid profile can influence
interfacial film strength, viscosity/yield stress, and fat-crystallization behavior—all central
to physical stability [9,16]. In bakery products, the higher assessment of soy lecithin aligns
with studies showing that lecithin-type emulsifiers can stabilize structure mainly through
dough/bread mechanisms (gluten/starch interactions and gas-cell stabilization), where
performance often depends on processing tolerance and formulation tuning [75,76]. The
stronger rating of sunflower lecithin for dairy is compatible with literature emphasizing
the role of phospholipids at the milk/protein interface in improving emulsion and heat
stability, which can be decisive in thermally processed dairy systems [77,78].

Figure 5 indicates that experts associate “other technological impacts” of lecithins
mainly with process performance (e.g., flow/handling, dispersion, and robustness under
processing); therefore, their preferences vary by product category [16,25,73]. In flour
confectionery and oils/fats, the stronger preference for sunflower lecithin is consistent with
its widespread use as a processing aid in fat-rich systems, where lecithin helps tune viscosity
and yield stress and supports manufacturability; studies in chocolate-like matrices show
that lecithin can substantially reduce viscosity via changes in particle–particle interactions,
and sunflower lecithin can be substituted for soy in chocolate production with comparable
functionality [82–84].
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Figure 4. Ratings of lecithin properties for food production in terms of the suitability of the type of
lecithin and the stabilization capacity. Source: authors’ construction based on the results of expert
interviews.

 

Figure 5. Ratings of lecithin properties for food production in terms of the suitability of the lecithin
type and other relevant technological impacts. Source: authors’ construction based on the results of
expert interviews.

The higher rating for rapeseed lecithin in bakery products aligns with evidence that
specific glycolipid fractions from different lecithin origins can improve crumb softness and
grain via interfacial effects in the dough liquor [85], which can be perceived by practition-
ers as valuable “technological” benefits beyond emulsification. In dairy applications, the
preference for sunflower lecithin is compatible with the general role of lecithins as wet-
ting/instantizing aids and interfacial stabilizers—important for reconstitution and thermal
processing—supported by work showing that lecithin addition can markedly improve the
wettability of milk powders [78,86].
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4.3. Overall Ratings of the Suitability of Lecithin for Food Production

The ratings of the properties of lecithin required for different food production segments
in terms of the suitability of lecithin types, emulsification capacity, improvement of texture,
stabilization, and other significant technological impacts on the food production process
showed differences depending on the segment.

Table 3 highlights a clear “no single best lecithin” pattern: the highest expert ratings
cluster by product matrix and technological goal, implying that lecithin choice is primarily
driven by how its phospholipid profile performs under specific processing and formu-
lation constraints [16,25,73]. In flour confectionery and dairy, the heatmap concentrates
around sunflower lecithin for emulsification and broader processing effects, which is con-
sistent with literature describing sunflower lecithin as a robust emulsifier/processing aid
in fat-rich or sensory-sensitive systems where interfacial behavior and manufacturability
(e.g., flow/handling) are critical [9,16]. Conversely, rapeseed lecithin stands out when tex-
ture and stabilization are prioritized—especially in confectionery and oils/fats—aligning
with evidence that lecithin origin can alter rheology and crystallization-driven stability
in fat-based matrices [9,25]. For bakery, the strongest cluster shifts toward soy lecithin
(and, for some functions, sunflower), which matches studies showing that lecithin-type
emulsifiers support crumb structure and softness mainly through dough/bread mecha-
nisms (gluten/starch interactions and gas-cell stabilization), where practical performance is
closely tied to processing tolerance [76,85]. Overall, Table 3 supports the broader scientific
view that differences among vegetable lecithins are often subtle but technologically mean-
ingful, so selection should be framed as “fit-for-purpose” rather than “best overall” [25,73].

Table 3. Heatmap of technological properties by product and by lecithin type.
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Flour confectionary 65.2 81.0 77.3 65.2 61.9 72.7 60.9 71.4 77.3 40.0 61.1 47.4

Oils and fats 64.7 57.1 64.3 56.3 85.7 76.9 56.3 57.1 64.3 50.0 75.0 63.6

Bakery products 73.7 70.0 70.0 75.0 75.0 70.0 73.7 55.0 57.9 57.9 47.4 66.7

Dairy products 70.6 72.2 57.1 70.6 66.7 53.8 50.0 76.5 50.0 46.7 61.5 45.5

Source: authors’ construction based on the results of expert interviews. , <50%, very low level, the property
is insufficient for the specific application; , 50–59%, low level, possible quality or stability issues; ,
60–69%, medium level, acceptable but not optimal; , 70–79%, high level, the property performs well and is
technologically suitable; , ≥80%, very high level of technological properties, excellent performance for the
specific product and lecithin type.

The heatmap indicates that sunflower and rapeseed lecithins generally perform better
than soya lecithin, especially in texture improvement and stabilization. The best results
appear in oils and fats, while bakery and confectionery products show mostly medium
to high performance. Dairy products are more variable, highlighting the need for careful
lecithin selection by application.

4.4. Rapeseed Lecithin Potential for Food Production

The experts rated the potential of using rapeseed lecithin for food production, consid-
ering its technological characteristics and compliance with a particular product category.
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Figure 6 suggests that experts see the strongest near-term opportunity for rapeseed
(canola) lecithin in oils/fats and bread/bakery, where functionality is closely tied to in-
terfacial stabilization and process robustness. This aligns with research showing that
canola lecithin’s polar-lipid composition can support stable oil-in-water emulsions, and
that glycolipid fractions from rapeseed/sunflower/soy lecithins can deliver strong baking
performance by improving crumb structure and softness [85,87].

Figure 6. Potential for the use of rapeseed lecithin for food production, considering its technological
characteristics and compliance with the specific product category. Source: authors’ construction
based on the results of the expert interviews.

In contrast, the lower potential in dairy likely reflects the fact that successful use
often depends on optimized phospholipid–protein interfacial interactions and thermal
processing conditions—factors that can complicate direct substitution even when lecithins
can improve wetting/instantization and emulsion stability [77,78,86]. Overall, this pattern
matches broader reviews emphasizing that lecithin performance is application-driven
and governed by composition–structure–function relationships rather than a single “best”
botanical source [16,25,73].

Figure 7 illustrates that experts judge lecithin competitiveness as a trade-off across
criteria, not a single performance ranking. Rapeseed lecithin is positioned as the strongest
option regarding environmental sustainability, which fits the broader view that shifting
to alternative vegetable lecithins and valorizing oil-refining side streams can strengthen
sustainability narratives and circularity in lipid ingredients [25,73,88]. At the same time,
experts view rapeseed as only mid-range regarding production-cost competitiveness, sug-
gesting that scale, standardization, and supply-chain maturity still lag behind established
soy-based solutions [16].

Sunflower lecithin appears as a balanced substitute, combining solid technological
potential (quality/purity and emulsification) with a sustainability-friendly and “non-GMO”
positioning that has helped sunflower lecithin expand in natural/organic markets where
soy is sometimes avoided [16,83]. Soy lecithin, in contrast, benefits from incumbency
advantages (cost familiarity and established use), which helps explain why experts con-
tinue to rate its technological usefulness well even when sustainability is not its primary
differentiator [16,25].

A notable insight is the risk-perception mismatch around allergenicity. Experts at-
tribute relatively high allergenic potential to rapeseed and sunflower lecithins, yet the
literature more strongly documents allergy to the seeds (and, in rapeseed, allergenic pro-
teins detectable in some oils), implying that any lecithin-related risk likely depends on
residual protein carryover and needs targeted analytical/clinical confirmation [89,90]. This
supports the practical conclusion from Figure 7 that wider adoption of rapeseed and sun-
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flower lecithins may hinge as much on evidence-building and market confidence (e.g.,
compositional verification and risk communication) as on functionality itself.

 

Figure 7. Experts’ ratings of the competitiveness of lecithin produced from rapeseed oil soapstock
compared with soybean and sunflower lecithins. Source: authors’ construction based on the results
of expert interviews.

4.5. Extraction of Phospholipids from Rapeseed Soapstock

Mixed water degumming and chemical refining rapeseed soapstock samples of four
batches were analyzed in a chemistry laboratory to determine the dry residue and lipid
contents (Table 4). The lipids were extracted using n-hexane in a Soxhlet apparatus to yield
an extract composed of lecithin, free fatty acids, monoglycerides, diglycerides, triglycerides,
and minor oil-soluble components. The extract was separated using cold acetone treatment
in liquid acid oil and semi-solid de-oiled lecithin.
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Table 4. Analysis of rapeseed soapstock used in the research: dry residue, Soxhlet extract using
n-hexane, acid oil, and lecithin as yields from soapstock, % by mass. Calculated lecithin yield as a %
of dry residue by mass.

Soapstock Batch No. Dry Residue (%) Soxhlet Extract (%) Acid Oil (%) Lecithin (%) Lecithin Yield from Dry Residue (%)

1 22.1 13.5 8.2 5.2 23.5

2 20.7 15.2 11.9 3.2 15.5

3 43.6 39.9 36.3 2.7 6.2

4 15.5 13.1 11.2 1.4 9.0

Source: authors’ calculations.

Rapeseed lecithin was recovered at a 1.4–5.2% yield from the mass of soapstock—a
rapeseed oil refining waste. Other by-product acid oil was composed of free fatty acids,
monoglycerides, diglycerides, triglycerides, and minor oil-soluble components in various
proportions. The acid oil yield was 8.2–36.3% of the mass of soapstock.

Lecithin composition was analyzed using qualitative analysis based on a TLC plate
comparing spots with two standards: pure phosphatidylcholine and commercial de-oiled
rapeseed lecithin (Figure 8) using the method described by Haq and Chun [10].

 
Figure 8. TLC analysis of lecithin quality on silica gel plates, eluent chloroform, methanol, acetic
acid, and water in a volume ratio of 25:4:4:1. Samples are: a—lecithin from soapstock batch No
1; b—lecithin from soapstock batch No 2; c—lecithin from soapstock batch No 3; d—lecithin from
soapstock batch No 4; e—phosphatidylcholine; f—commercial de-oiled rapeseed lecithin; g—acid oil.
Source: created by the authors.

The purity of the obtained lecithin samples was confirmed by comparison with stan-
dards. Figure 8 shows that the lecithins from all four bathes had the same spots on TLC
as commercial rapeseed lecithin, with the strongest spot corresponding to phosphatidyl-
choline (squared in Figure 8). It is also clear that acid oil components (glycerides, fatty
acids) were not present in the lecithin samples in significant quantities.
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5. Discussion
5.1. Technological Advantages and Potential for the Introduction of Rapeseed Lecithin into the Food
Production Industry

The experts’ ratings of the three lecithins of plant origin overall confirmed that rape-
seed lecithin is a full-fledged alternative to soybean and sunflower lecithins, yet its techno-
logical advantages are best manifested in certain food production segments. The results
showed that the ratings of emulsification capacity, texture improvement, stabilization, and
other significant technological impacts revealed no single “best” origin of lecithin across
all product categories; rather, functional specialization emerged depending on the indus-
try and technological purpose. The research results revealed that rapeseed lecithin has
significant potential for food production, especially due to its functional properties, while
the use of rapeseed oil soapstock for the production of lecithin demonstrates a practical
possibility that could contribute to a more efficient use of resources. For several product
groups, rapeseed lecithin received a high rating from the experts for its practical impact. For
bakery products and flour confectionery, it showed a particularly good ability to stabilize
the structure and create an even texture. The experts emphasized that rapeseed lecithin
performed well both in water and fat systems and in dough products with low fat content.
This means that rapeseed lecithin can also be suitable for recipes that require moisture
retention and product uniformity. Such functionality could make rapeseed lecithin a valu-
able raw material for producers seeking locally sourced alternatives. The results of the
interviews revealed that the use of rapeseed lecithin for food production is at an early stage
of implementation. This is also indirectly evidenced by the significant proportion of “do not
know/cannot evaluate” answers, which, as indicated in the methodology section, indicates
not a neutral attitude, but a lack of information or uncertainty. Although this innovation is
still in its early stages of implementation, its potential for strengthening local economies
and resource efficiency is considerable. Educating food producers and improving access
to information could become key factors in promoting the competitiveness of rapeseed
lecithin both nationally and internationally. Compared to soybean and sunflower lecithins,
rapeseed lecithin has a higher potential for sustainability and availability of raw materials,
especially if it is obtained from oil production waste. This approach is in line with the
principles of the circular economy, thereby reducing the amount of by-products, promoting
the use of local resources, and strengthening national food security. The present research
also had a number of limitations that must be taken into account when interpreting the
results. First of all, the sample of experts included 30 respondents, a large segment of whom
represented Latvian food production companies and specific segments (especially bakery
products and flour confectionery). This means that the data obtained on the potential of
rapeseed lecithin for other industries, e.g., milk or beverage production, might not be fully
representative. Secondly, the laboratory experiment was conducted on four batches of
soapstock from one manufacturer, which limited the generalization of the results to other
technological lines. Additionally, there was variation in the quality of raw materials.

5.2. Functional Impacts of Lecithin on Food Production and Interpretation of the Results of Extracting
Rapeseed Lecithin

The experts’ ratings showed that the effectiveness of lecithin is specific to the food
industry and depends on technological requirements:

• Rapeseed lecithin is highly rated for the production of bread (emulsifying ability, other
technological impacts) and flour confectionery (texture improvement, stabilization);

• Soybean lecithin is especially effective for the production of oils and fats (emulsifica-
tion) and dairy products (texture improvement);
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• Sunflower lecithin was given the highest ratings for the production of dairy products and
flour confectionery (emulsification, stabilization, other significant technological impacts).

• The research results confirmed that the structure, origin, and fatty acid composition
of lecithin directly impact its functional properties and effectiveness in specific food
matrices [24,64,91].

The experts gave high ratings to rapeseed lecithin for oil and fat production (64.7%)
and bread production (59.1%), confirming its technological suitability and potential for
these product groups. However, low market confidence and high production costs limit
its wider use. This is in line with recent market research [52,87,91], which has found that
rapeseed lecithin could become a competitive alternative if processing technologies are
optimized and sustainability benefits are highlighted.

Compared to soybean and sunflower lecithins, rapeseed lecithin has higher potential
for sustainability and availability of raw materials, especially if it is produced from oil
production waste. This approach is in line with the principles of the circular economy,
thereby reducing the amount of by-products, promoting the use of local resources, and
strengthening national food security.

We have demonstrated with analytical methods that de-oiled lecithin can be obtained
from rapeseed soapstock of complex composition, containing not only water, oil, and
lecithin but also soaps, particles, and other impurities. Mixed water degumming and
chemical refining of rapeseed soapstocks can vary significantly in composition, depending
on rapeseed variety, growing conditions, and refining conditions. Additionally, soapstock
can also be diluted with water to improve transportation within the production plant. The
content of dry residue varied by almost three times across the tested samples; therefore, the
yield of lecithin was expressed relative to both soapstock mass and dry residue mass, with
the latter being more informative. Lecithin content in the dry residue of soapstock varied by
almost four times, from 6.2% to 23.5%, and qualitative analysis of lecithin contents showed
high similarity with commercial rapeseed lecithin. Lecithin recovery from rapeseed oil
production waste is important to reduce waste amounts and diversify production.

6. Conclusions
The use of rapeseed lecithin in food production is at an early stage of implementation,

which is characterized by limited practical experience and a high level of uncertainty
among industry professionals. This is in line with the early stages of the innovation
diffusion model, where cooperation between science and industry is important to promote
innovation transfer.

The selected experts gave a cross-sectoral perspective, combining both academic and
industrial expertise. Such a balance made it possible to assess the potential of rapeseed
lecithin not only from a technological perspective but also from the perspective of economic
and environmental sustainability.

Rapeseed lecithin involves wide, but industry-specific, technological suitability. It
demonstrates high efficiency for flour confectionery and oils and fats in terms of stabi-
lization and texture improvement, while for bread, it shows a pronounced emulsification
capacity. This functional versatility confirms the potential of rapeseed lecithin as an alterna-
tive raw material for soybean and sunflower lecithins.

The market potential for rapeseed lecithin is high, especially in relation to oils, fats,
and bakery products; however, its introduction is limited by higher production costs and
lower market confidence compared to traditional sources of lecithin. Communicating the
benefits of sustainability and improving technological efficiency can be important factors
in developing this potential.
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The utilization of by-products from rapeseed oil production for lecithin production
contributes to the circular bioeconomy. This approach reduces industrial waste, enhances
resource efficiency, and strengthens the sustainability of local food production by decreasing
dependence on imported raw materials. Our results demonstrate that de-oiled lecithin can
be recovered from rapeseed oil soapstock using n-hexane and acetone as solvents; however,
further research is required to develop more sustainable extraction methods that fully align
with circular bioeconomy principles for rapeseed oil processing. Rapeseed soapstock has
great potential as a raw material for lecithin production in the food industry.
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18. Barbusiński, K.; Fajkis, S.; Szeląg, B. Optimization of soapstock splitting process to reduce the concentration of impurities in

wastewater. J. Clean. Prod. 2021, 280, 124459. [CrossRef]
19. Echim, C.; Verhé, R.; De Greyt, W.; Stevens, C. Production of biodiesel from side-stream refining products. Energy Environ. Sci.

2009, 2, 1131–1141. [CrossRef]
20. Jin, B.; Zhu, M.; Fan, P.; Yu, L.-J. Comprehensive utilization of the mixture of oil sediments and soapstocks for producing FAME

and phosphatides. Fuel Process. Technol. 2008, 89, 77–82. [CrossRef]
21. Wanasundara, U.N.; Wanasundara, J.P.D.; Shahidi, F. Novel separation techniques for isolation and purification of fatty acids and

oil by-products. In Bailey’s Industrial Oil and Fat Products, 7th ed.; Shahidi, F., Ed.; Wiley: Hoboken, NJ, USA, 2020. [CrossRef]
22. Alhajj, M.J.; Montero, N.; Yarce, C.J.; Salamanca, C.H. Lecithins from vegetable, land, and marine animal sources and their

potential applications for cosmetic, food, and pharmaceutical sectors. Cosmetics 2020, 7, 87. [CrossRef]
23. American Lecithin Company. Lecithins and Phospholipids: A Simple Guide to Use and Selection; American Lecithin Company: Oxford,

CT, USA, 2022. Available online: https://americanlecithin.us/wp-content/uploads/2022/08/ALC-Lecithin-and-Phopholipids-
Brochure.pdf (accessed on 3 November 2025).

24. Bende, V. Lecithin in the Food Industry. Knowde Periodical. Available online: https://periodical.knowde.com/lecithin-in-the-
food-industry/ (accessed on 3 November 2025).

25. Bot, F.; Cossuta, D.; O’Mahony, J.A. Inter-relationships between composition, physicochemical properties and functionality of
lecithin ingredients. Trends Food Sci. Technol. 2021, 111, 261–270. [CrossRef]

26. Cargill. Lecithins. Cargill Website. Available online: https://www.cargill.com/food-beverage/na/lecithins (accessed on
3 November 2025).

27. Dijkstra, A.J. Introduction to Degumming. AOCS, 2019. Available online: https://www.aocs.org/resource/introduction-to-
degumming/ (accessed on 3 November 2025).

28. European Commission. Commission Implementing Regulation (EU) 2017/2325 authorising lecithins (liquid), lecithins hydrolysed,
and lecithins de-oiled as feed additives. Off. J. Eur. Union 2017, L 333, 17–21. Available online: https://eur-lex.europa.eu/legal-
content/EN/TXT/?uri=CELEX:32017R2325 (accessed on 3 November 2025).

29. Mortensen, A.; Aguilar, F.; Crebelli, R.; Di Domenico, A.; Frutos, M.J.; Galtier, P.; Gott, D.; Gundert-Remy, U.; Lambré, C.; Leblanc,
J.-C.; et al. Re-evaluation of lecithins (E 322) as a food additive. EFSA J. 2017, 15, 4742. [CrossRef]

30. Volnova, E.R.; Kozyreva, A.S.; Lyashenko, A.E. Various methods for obtaining lecithin from plant and animal raw materials.
Molod. Uchenyi 2021, 17, 28–32. Available online: https://moluch.ru/archive/359/80197/ (accessed on 3 November 2025).

31. Cabezas, D.M.; Madoery, R.R.; Diehl, B.; Tomás, M.C. Application of enzymatic hydrolysis on sunflower lecithin using a pancreatic
PLA2. J. Am. Oil Chem. Soc. 2011, 88, 385–394. [CrossRef]

32. Chávez-Garay, D.R.; Gutiérrez-Méndez, N.; Sánchez-Ramírez, B.E.; Salmerón, I.; Hernández Ochoa, L.R.; Chávez-Flores, D.;
Martínez-Monteagudo, S. Modification of lecithin-based emulsions with phospholipases. CyTA–J. Food 2020, 18, 688–697.
[CrossRef]

33. Madoery, R.; Cabezas, D.M.; Diehl, B.W.K.; Tomás, M.C. Emulsifying properties of different modified sunflower lecithins. J. Am.
Oil Chem. Soc. 2012, 89, 355–361.

34. Morgado, M.A.P.; Cabral, J.M.S.; Prazeres, D.M.F. Phospholipase A2-catalyzed hydrolysis of lecithin in a continuous reversed-
micellar membrane bioreactor. J. Am. Oil Chem. Soc. 1996, 73, 337–346. [CrossRef]

35. Zhao, F.; Li, R.; Liu, Y.; Chen, H. Perspectives on lecithin from egg yolk: Extraction, physicochemical properties, modification,
and applications. Front. Nutr. 2023, 9, 1082671. [CrossRef]

https://doi.org/10.3390/su18031456

https://doi.org/10.1016/j.jfoodeng.2015.10.001
https://doi.org/10.1016/j.jclepro.2018.01.024
https://greatist.com/health/lecithin-benefits
https://doi.org/10.1002/047167849X.bio011
https://doi.org/10.1111/jfbc.14157
https://www.ncbi.nlm.nih.gov/pubmed/35355280
https://doi.org/10.1016/j.foodchem.2019.125217
https://www.ncbi.nlm.nih.gov/pubmed/31351255
https://doi.org/10.1002/ejlt.200800041
https://doi.org/10.1007/s11746-004-0889-4
https://doi.org/10.1016/j.jclepro.2020.124459
https://doi.org/10.1039/b905925c
https://doi.org/10.1016/j.fuproc.2007.07.005
https://doi.org/10.1002/047167849X.bio065.pub2
https://doi.org/10.3390/cosmetics7040087
https://americanlecithin.us/wp-content/uploads/2022/08/ALC-Lecithin-and-Phopholipids-Brochure.pdf
https://americanlecithin.us/wp-content/uploads/2022/08/ALC-Lecithin-and-Phopholipids-Brochure.pdf
https://periodical.knowde.com/lecithin-in-the-food-industry/
https://periodical.knowde.com/lecithin-in-the-food-industry/
https://doi.org/10.1016/j.tifs.2021.02.028
https://www.cargill.com/food-beverage/na/lecithins
https://www.aocs.org/resource/introduction-to-degumming/
https://www.aocs.org/resource/introduction-to-degumming/
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32017R2325
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32017R2325
https://doi.org/10.2903/j.efsa.2017.4742
https://moluch.ru/archive/359/80197/
https://doi.org/10.1007/s11746-010-1684-9
https://doi.org/10.1080/19476337.2020.1839566
https://doi.org/10.1007/BF02523428
https://doi.org/10.3389/fnut.2022.1082671
https://doi.org/10.3390/su18031456


Sustainability 2026, 18, 1456 20 of 22

36. Fontoura, A.B.P.; Rico, J.E.; Davis, A.N.; Myers, W.A.; Tate, B.N.; Gervais, R.; McFadden, J.W. Effects of dietary deoiled soy
lecithin supplementation on milk production and fatty acid digestibility in Holstein dairy cows. J. Dairy Sci. 2021, 104, 1823–1837.
[CrossRef]

37. USDA AMS. Lecithin—De-Oiled: Handling/Processing (Full Scope Technical Evaluation Report); U.S. Department of Agriculture,
Agricultural Marketing Service, National Organic Program, 2023. Available online: https://www.ams.usda.gov/sites/default/
files/media/2023Technical_Report_Lecithin_deoiled_Handling.pdf (accessed on 3 November 2025).

38. Cherry, J.P.; Gray, M.S.; Jones, L.A. A review of lecithin chemistry and glandless cottonseed as a potential commercial source. J.
Am. Oil Chem. Soc. 1981, 58, 903–913. [CrossRef]

39. Wu, Y.; Wang, T. Soybean lecithin fractionation and functionality. J. Am. Oil Chem. Soc. 2003, 80, 319–326. [CrossRef]
40. Wu, Y.; Wang, T. Fractionation of crude soybean lecithin with aqueous ethanol. J. Am. Oil Chem. Soc. 2004, 81, 697–704. [CrossRef]
41. Toker, Ö.S.; Ozonuk, S.; Gunes, R.; Icyer, N.C.; Rasouli, H.P.; Konar, N. Importance of emulsifiers in chocolate industry: Effect on

structure, machinability, and quality of intermediate and final products. J. Am. Oil Chem. Soc. 2024, 101, 721–733. [CrossRef]
42. Lipkin, E.M.; Cohen, M.L.; Hartel, R.W. Microstructure and rheology of chocolate. Annu. Rev. Mater. Res. 2025, 55, 469–489.

[CrossRef]
43. Ahmed, I.B.H.; Hannachi, A.; Haros, C.M. Combined effect of chia flour and soy lecithin incorporation on nutritional and

technological quality of fresh bread and during staling. Foods 2020, 9, 446. [CrossRef]
44. Gómez, M.; del Real, S.; Rosell, C.M.; Ronda, F.; Blanco, C.A.; Caballero, P.A. Functionality of different emulsifiers on the

performance of breadmaking and wheat bread quality. Eur. Food Res. Technol. 2004, 219, 145–150. [CrossRef]
45. Pan, F.G.; Liu, J.; Yang, J.X.; Ren, J.R.; Sun, Y.Y.; Li, P.Z.; Yang, E.Q.; Chen, X.M.; Liu, B.Q. Research progress on the genesis and

removal methods of non-hydratable phospholipids from vegetable oils. Grasas Aceites 2024, 75, e543. [CrossRef]
46. Hasenhuettl, G.L.; Hartel, R.W. Margarines and spreads. In Food Emulsifiers and Their Applications; Hasenhuettl, G.L., Hartel, R.W.,

Eds.; Chapman & Hall: New York, NY, USA, 1997; pp. 255–280.
47. Lecital. Margarines—Applications. Lecital Technical Webpage. 2024. Available online: https://lecital.com/applications/

margarines/ (accessed on 10 November 2025).
48. Nyuydze, C.K. Effect of Soy Lecithin Concentration on Formulating Dairy Emulsions. Master’s Thesis, South Dakota State

University, Brookings, SD, USA, 2020.
49. Diplomata Comercial. Soy Lecithin in Sauces and Dressings: Benefits and Applications. Diplomata Comercial Website. 2025.

Available online: https://www.diplomatacomercial.com (accessed on 3 November 2025).
50. Topuz, O.K.; Aygün, T.; Alp, A.C.; Yatmaz, H.A.; Torun, M.; Yerlikaya, P. Characterization and emulsifying properties of aquatic

lecithins isolated from processing discard of rainbow trout fish and its eggs. Food Chem. 2021, 339, 128103. [CrossRef] [PubMed]
51. Maxwell, V. What Is Lecithin? And How Is It Made? Food Additives for Health. 2024. Available online:

https://foodadditivesforhealth.com/lecithin/ (accessed on 10 November 2025).
52. List, G.R. Soybean lecithin: Food, industrial uses, and other applications. In Polar Lipids; Ahmad, M.U., Xu, X., Eds.; Elsevier:

Amsterdam, The Netherlands, 2015; pp. 1–33. [CrossRef]
53. European Commission. Genetically Modified Organisms: Commission Authorises Genetically Modified Maize for Use as

Food and Animal Feed. European Commission Website. 2024. Available online: https://food.ec.europa.eu/food-safety-news-
0/genetically-modified-organisms-2024-07-02_en (accessed on 3 November 2025).

54. European Commission. GMO Legislation (Policy & Labelling Overview). European Commission Website. Available online:
https://food.ec.europa.eu/plants/genetically-modified-organisms/gmo-legislation_en (accessed on 3 November 2025).

55. FoodNavigator. Non-GM Lecithin Supply Struggling to Keep Up with Demand. FoodNavigator. 4 December 2013. Available
online: https://www.foodnavigator.com/Article/2013/12/04/Non-GM-lecithin-supply-struggling-to-keep-up-with-demand
(accessed on 5 November 2025).

56. FoodNavigator. Clean Label and Non-GMO Behind Cargill’s EU Launch of De-Oiled Rapeseed Lecithin. FoodNavigator,
20 March 2018. Available online: https://www.foodnavigator.com/Article/2018/03/20/Clean-label-and-non-GMO-behind-
Cargill-s-EU-launch-of-de-oiled-rapeseed-lecithin (accessed on 5 November 2025).

57. Demydova, A.; Panasyuk, S.; Hunko, Y. Sunflower lecithin as an alternative to soy lecithin: Technological approaches to improving
its rheological, sensory and functional properties. In Innovative Approaches in Food Processing and Sustainability; Priss, O., Ed.;
Scientific Route OÜ: Tallinn, Estonia, 2025; Chapter 11. [CrossRef]

58. Li, J.; Guo, Z. Identification and quantification of phenolic compounds in rapeseed originated lecithin and antioxidant activity
evaluation. LWT 2016, 73, 397–405. [CrossRef]

59. Eskin, N.A.M. Rapeseed oil/Canola. In Encyclopedia of Food and Health; Elsevier: Oxford, UK, 2016. [CrossRef]
60. Matthäus, B.; Özcan, M.M.; Al Juhaimi, F. Some rape/canola seed oils: Fatty acid composition and tocopherols. Z. Naturforsch. C

2016, 71, 73–77. [CrossRef]
61. Knutson, A. What’s the difference between canola and rapeseed oil? The Kitchn. 2022. Available online: https://www.thekitchn.

com/whats-the-difference-between-canola-and-rapeseed-206047 (accessed on 14 November 2025).

https://doi.org/10.3390/su18031456

https://doi.org/10.3168/jds.2020-18797
https://www.ams.usda.gov/sites/default/files/media/2023Technical_Report_Lecithin_deoiled_Handling.pdf
https://www.ams.usda.gov/sites/default/files/media/2023Technical_Report_Lecithin_deoiled_Handling.pdf
https://doi.org/10.1007/BF02659656
https://doi.org/10.1007/s11746-003-0697-x
https://doi.org/10.1007/s11746-004-964-x
https://doi.org/10.1002/aocs.12829
https://doi.org/10.1146/annurev-matsci-080423-012401
https://doi.org/10.3390/foods9040446
https://doi.org/10.1007/s00217-004-0937-y
https://doi.org/10.3989/gya.0325231
https://lecital.com/applications/margarines/
https://lecital.com/applications/margarines/
https://www.diplomatacomercial.com
https://doi.org/10.1016/j.foodchem.2020.128103
https://www.ncbi.nlm.nih.gov/pubmed/33152885
https://foodadditivesforhealth.com/lecithin/
https://doi.org/10.1016/B978-1-63067-044-3.50005-4
https://food.ec.europa.eu/food-safety-news-0/genetically-modified-organisms-2024-07-02_en
https://food.ec.europa.eu/food-safety-news-0/genetically-modified-organisms-2024-07-02_en
https://food.ec.europa.eu/plants/genetically-modified-organisms/gmo-legislation_en
https://www.foodnavigator.com/Article/2013/12/04/Non-GM-lecithin-supply-struggling-to-keep-up-with-demand
https://www.foodnavigator.com/Article/2018/03/20/Clean-label-and-non-GMO-behind-Cargill-s-EU-launch-of-de-oiled-rapeseed-lecithin
https://www.foodnavigator.com/Article/2018/03/20/Clean-label-and-non-GMO-behind-Cargill-s-EU-launch-of-de-oiled-rapeseed-lecithin
https://doi.org/10.21303/978-9908-9706-2-2.ch11
https://doi.org/10.1016/j.lwt.2016.06.039
https://doi.org/10.1016/B978-0-12-384947-2.00585-7
https://doi.org/10.1515/znc-2016-0003
https://www.thekitchn.com/whats-the-difference-between-canola-and-rapeseed-206047
https://www.thekitchn.com/whats-the-difference-between-canola-and-rapeseed-206047
https://doi.org/10.3390/su18031456


Sustainability 2026, 18, 1456 21 of 22

62. Alemán, A.; Pérez-García, S.; Fernández de Palencia, P.; Montero, M.P.; Gómez-Guillén, M.D.C. Physicochemical, antioxidant,
and anti-inflammatory properties of rapeseed lecithin liposomes loading a chia (Salvia hispanica L.) seed extract. Antioxidants 2021,
10, 693. [CrossRef] [PubMed]

63. Persistence Market Research. Canola Lecithin Market. Persistence Market Research. 2024. Available online: https://www.
persistencemarketresearch.com/market-research/canola-lecithin-market.asp (accessed on 6 November 2025).

64. Bende, V. Sunflower Lecithin in Food Products. Knowde Periodical. Available online: https://periodical.knowde.com/sunflower-
lecithin-in-food-products/ (accessed on 6 November 2025).

65. Grompone, M. Sunflower oil. In Bailey’s Industrial Oil and Fat Products; Shahidi, F., Ed.; Wiley: Hoboken, NJ, USA, 2005; Volume 2,
pp. 655–725.

66. Guiotto, E.N.; Tomás, M.C.; Diehl, B.W.K. Sunflower lecithin. In Polar Lipids; Ahmad, M.U., Xu, X., Eds.; Elsevier: Amsterdam,
The Netherlands, 2015; pp. 57–75. [CrossRef]

67. Guest, G.; Bunce, A.; Johnson, L. How many interviews are enough? An experiment with data saturation and variability. Field
Methods 2006, 18, 59–82. [CrossRef]

68. Creswell, J.W.; Poth, C.N. Qualitative Inquiry and Research Design: Choosing among Five Approaches, 4th ed.; SAGE Publications:
Thousand Oaks, CA, USA, 2018.

69. Hennink, M.M.; Kaiser, B.N.; Marconi, V.C. Code saturation versus meaning saturation: How many interviews are enough? Qual.
Health Res. 2017, 27, 591–608. [CrossRef]

70. Patton, M.Q. Qualitative Research & Evaluation Methods, 4th ed.; SAGE Publications: Thousand Oaks, CA, USA, 2015.
71. Dearing, J.W.; Cox, J.G. Diffusion of innovations theory, principles, and practice. Health Aff. 2018, 37, 183–190. [CrossRef]
72. Matissek, R.; Schnepel, F.M.; Steiner, G. Lebensmittelanalytik: Grundzüge, Methoden, Anwendungen, 2nd ed.; Springer-Lehrbuch:

Berlin, Germany, 1992.
73. Robert, C.; Couëdelo, L.; Vaysse, C.; Michalski, M.-C. Vegetable lecithins: A review of their compositional diversity, impact on

lipid metabolism and potential in cardiometabolic disease prevention. Biochimie 2020, 169, 121–132. [CrossRef]
74. Böhme, B.; Symmank, C.; Rohm, H. Physical and sensory properties of chocolate made with lecithin of different origin. Eur. J.

Lipid Sci. Technol. 2016, 118, 1839–1845. [CrossRef]
75. Azizi, M.H.; Rajabzadeh, N.; Riahi, E. Effect of mono-diglyceride and lecithin on dough rheological characteristics and quality of

flat bread. LWT—Food Sci. Technol. 2003, 36, 189–193. [CrossRef]
76. Garzón, R.; Hernando, I.; Llorca, E.; Rosell, C.M. Understanding the effect of emulsifiers on bread aeration during breadmaking.

J. Sci. Food Agric. 2018, 98, 5494–5502. [CrossRef]
77. McCrae, C.H. Heat stability of milk emulsions: Phospholipid–protein interactions. Int. Dairy J. 1999, 9, 227–231. [CrossRef]
78. van Nieuwenhuyzen, W.; Szuhaj, B.F. Effects of lecithins and proteins on the stability of emulsions. Fett/Lipid 1998, 100, 282–291.

[CrossRef]
79. Guiotto, E.N.; Capitani, M.I.; Nolasco, S.M.; Tomás, M.C. Stability of oil-in-water emulsions with sunflower (Helianthus annuus L.)

and chia (Salvia hispanica L.) by-products. J. Am. Oil Chem. Soc. 2016, 93, 133–143. [CrossRef]
80. Pan, L.G.; Tomás, M.C.; Añón, M.C. Effect of sunflower lecithins on the stability of water-in-oil and oil-in-water emulsions. J.

Surfactants Deterg. 2002, 5, 135–143. [CrossRef]
81. Cao, Y.; Jiang, L.; Suo, W.; Deng, Y.; Zhang, M.; Dong, S.; Guo, P.; Chen, S.; Li, H. Influence of emulsifiers and enzymes on dough

rheological properties and quality characteristics of steamed bread enriched with potato pulp. Food Chem. 2021, 360, 130015.
[CrossRef]

82. Feichtinger, A.; Scholten, E.; Sala, G. Effect of particle size distribution on rheological properties of chocolate. Food Funct. 2020,
11, 9547–9563. [CrossRef]

83. Krüger, S.; Bürmann, L.; Morlock, G.E. Comparison and characterization of soybean and sunflower lecithins used for chocolate
production by high-performance thin-layer chromatography with fluorescence detection and electrospray mass spectrometry. J.
Agric. Food Chem. 2015, 63, 2893–2901. [CrossRef] [PubMed]

84. Schantz, B.; Rohm, H. Influence of lecithin–PGPR blends on the rheological properties of chocolate. LWT—Food Sci. Technol. 2005,
38, 41–45. [CrossRef]

85. Selmair, P.L.; Koehler, P. Molecular structure and baking performance of individual glycolipid classes from lecithins. J. Agric. Food
Chem. 2009, 57, 5597–5609. [CrossRef]

86. Hammes, M.V.; Englert, A.H.; Noreña, C.P.Z.; Cardozo, N.S.M. Influence of soy lecithin addition on the wettability of buffalo
milk powder obtained by spray drying. Powder Technol. 2015, 277, 237–243. [CrossRef]

87. Xie, M.; Dunford, N.T. Lipid composition and emulsifying properties of canola lecithin from enzymatic degumming. Food Chem.
2017, 218, 159–164. [CrossRef] [PubMed]

88. Dumont, M.-J.; Narine, S.S. Soapstock and deodorizer distillates from North American vegetable oils: Review on their characteri-
zation, extraction and utilization. Food Res. Int. 2007, 40, 957–974. [CrossRef]

https://doi.org/10.3390/su18031456

https://doi.org/10.3390/antiox10050693
https://www.ncbi.nlm.nih.gov/pubmed/33924836
https://www.persistencemarketresearch.com/market-research/canola-lecithin-market.asp
https://www.persistencemarketresearch.com/market-research/canola-lecithin-market.asp
https://periodical.knowde.com/sunflower-lecithin-in-food-products/
https://periodical.knowde.com/sunflower-lecithin-in-food-products/
https://doi.org/10.1016/B978-1-63067-044-3.50007-8
https://doi.org/10.1177/1525822X05279903
https://doi.org/10.1177/1049732316665344
https://doi.org/10.1377/hlthaff.2017.1104
https://doi.org/10.1016/j.biochi.2019.11.017
https://doi.org/10.1002/ejlt.201600201
https://doi.org/10.1016/S0023-6438(02)00201-3
https://doi.org/10.1002/jsfa.9094
https://doi.org/10.1016/s0958-6946(99)00065-5
https://doi.org/10.1002/(SICI)1521-4133(199807)100:7%3C282::AID-LIPI282%3E3.0.CO;2-W
https://doi.org/10.1007/s11746-015-2746-9
https://doi.org/10.1007/s11743-002-0213-1
https://doi.org/10.1016/j.foodchem.2021.130015
https://doi.org/10.1039/D0FO01655A
https://doi.org/10.1021/jf506332f
https://www.ncbi.nlm.nih.gov/pubmed/25727461
https://doi.org/10.1016/j.lwt.2004.03.014
https://doi.org/10.1021/jf9008982
https://doi.org/10.1016/j.powtec.2015.02.047
https://doi.org/10.1016/j.foodchem.2016.09.074
https://www.ncbi.nlm.nih.gov/pubmed/27719893
https://doi.org/10.1016/j.foodres.2007.06.006
https://doi.org/10.3390/su18031456


Sustainability 2026, 18, 1456 22 of 22

89. Halsey, A.B.; Martin, M.E.; Ruff, M.E.; Jacobs, F.O.; Jacobs, R.L. Sunflower oil is not allergenic to sunflower seed-sensitive patients.
J. Allergy Clin. Immunol. 1986, 78, 408–410. [CrossRef]

90. Puumalainen, T.J.; Puustinen, A.; Poikonen, S.; Turjanmaa, K.; Palosuo, T.; Vaali, K. Proteomic identification of allergenic seed
proteins, napin and cruciferin, from cold-pressed rapeseed oils. Food Chem. 2015, 175, 381–385. [CrossRef]

91. AAK. Lecithin. AAK, 2019. Available online: https://www.aak.com/siteassets/investors/capital-market-day/2019/aak-cmd-
2019_lecithin.pdf (accessed on 3 November 2025).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/su18031456

https://doi.org/10.1016/0091-6749(86)90025-4
https://doi.org/10.1016/j.foodchem.2014.11.084
https://www.aak.com/siteassets/investors/capital-market-day/2019/aak-cmd-2019_lecithin.pdf
https://www.aak.com/siteassets/investors/capital-market-day/2019/aak-cmd-2019_lecithin.pdf
https://doi.org/10.3390/su18031456

	Introduction 
	Lecithin: Production Technologies, Types, Functional Properties, and Sources 
	Producing Lecithin in the Refining of Vegetable Oils and the Types of Lecithin 
	Sources of Lecithin and a Comparison of Rapeseed, Soybean, and Sunflower Lecithins 

	Materials and Methods 
	Results 
	Assessment of the Technological Properties of Lecithin for Food Production 
	Texture Improvement, Stabilization, and Other Technological Impacts for Food Production 
	Overall Ratings of the Suitability of Lecithin for Food Production 
	Rapeseed Lecithin Potential for Food Production 
	Extraction of Phospholipids from Rapeseed Soapstock 

	Discussion 
	Technological Advantages and Potential for the Introduction of Rapeseed Lecithin into the Food Production Industry 
	Functional Impacts of Lecithin on Food Production and Interpretation of the Results of Extracting Rapeseed Lecithin 

	Conclusions 
	References

