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As a result of oil hydration, waste
is formed — phosphatide concentrate,
which is a multicomponent system.
Valuable components of the concentrate
are vegetable oil and phosphatides, the
separation of which is an urgent task
Jor the industry.

The process of treatment of
sunflower phosphatide concentrate
with citric acid (hydration) in order to
more completely convert non-hydrated
Jorms of phosphatides into hydrated
ones and separate the oil from the
concentrate was studied.

A feature of the work is the study of
the dependence of the yield and mass
JSraction of moisture in the extracted oil
on the hydration process parameters.

A sample of phosphatide concentrate
with non-standard quality indicators
according to SOU 15.4-37-212:2004
(CAS 3436-44-0) was studied: the
mass fraction of moisture and volatile
substances was 4.0 %, the mass fraction
of phosphatides was 37.0 %.

The concentrate was treated with
citric acid solution at a temperature
of 45°C (10 % solution). Rational
conditions for concentrate treatment
were determined: duration (25 min)
and citric acid concentration in
relation to the mass of phosphatide
concentrate (25 %). Under these
conditions, the oil yield was 76.1 %, the
mass fraction of moisture in the oil was
18.6 %. The indicators characterizing
the suitability of the oil for consumption
and its safety for the body are within
the limits (acid value 3.7 mg KOH/g,
peroxide value 5.1 2 O mmol/kg) for
the first-grade unrefined unwinterized
sunflower oil according to DSTU 4492.
Such oil can be used for refining, fatty
acids and biodiesel production, and
after additional purification - for
processing into food products.

The results of the study make it
possible to use resources rationally
and predict the yield and quality of
the oil isolated from the phosphatide
concentrate. The resulting oil can be
an affordable raw material for various
industries
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1. Introduction

component from them. In this case, the raw materials are used

by 15-40 %. The rest remain in the form of secondary resourc-

Secondary resources of the processing industries of the  es containing a significant number of valuable components
agro-industrial complex have great potential. The industry, that can be used in various fields [1]. It is advisable to involve
processing multicomponent raw materials, mainly removes one  secondary resources of the industry, in particular, the fat and




oil industry, in the economic circulation for the production
of additional food, feed and technical products or additional
components to them.

The fat and oil industry has significant reserves to
increase the level of integrated use of raw materials and
secondary resources. The implementation of effective pro-
duction technology is associated with a directed impact on
the capillary-porous structure of oilseeds by physical and
biological methods. Thus, the development of the fat and oil
industry provides for the selection of high-oil, disease-re-
sistant varieties of oilseeds; improvement of cultivation,
harvesting and post-harvesting treatment technologies. Of
great importance is the creation of highly efficient low- and
zero-waste technologies for the production of vegetable oils,
the development of new advanced equipment and hardware
for oil extraction and processing, etc. An urgent issue is the
development and implementation of automation devices and
systems in the production of quality products of the fat and
oil industry [2].

Typical by-products of hydration are phosphatide emul-
sion and phosphatide concentrate, a product of emulsion
dehydration at a temperature of 75-90 °C and residual pres-
sure of 2.66 kPa [3]. Due to the process peculiarities, these
products contain a high amount of neutral oil. Improving
the technology of hydration waste processing for maximum
oil extraction from phosphatide concentrate will reduce
waste, optimize production modes, and allow rational use of
material resources.

Thus, in order to improve the technical and economic
performance of hydration of vegetable oil phospholipids,
it is advisable to improve the technology of high-quality
phosphatide concentrates with the extraction of neutral oil.
Of great importance is to increase the concentration of phos-
pholipids in the commercial form of the product. This area
of research is important for the industry, as many industries
need affordable raw materials of fatty nature.

2. Literature review and problem statement

The main product of the fat and oil industry is the oil of
various degrees of purification. At the same time, a limited
number of manufacturers produce phosphatide concen-
trates or lecithins as marketable products. Raw materials
processed for these purposes include sunflower, rapeseed,
soybeans. At the same time, the enterprises of the fat and oil
industry have significant volumes of by-products of refining
vegetable oils by hydration [4].

Vegetable oils contain a significant amount of phosphati-
des: sunflower 0.2—1.4 %, cottonseed 0.5-2.5 %, soybean up
to 3.5 %. During hydration, fats are treated with water or
weak solutions of salts, acids, alkalis, tannins and some other
substances. Water, interacting with hydrophilic groups of
phosphatides, causes the formation of specific double layers:
on the one hand, each of them contains a monomolecular
layer of acylglycerols, on the other, a layer of hydrated mole-
cules of phosphatides. This layer, formed by hydration of fats,
the so-called hydration precipitate, or fuse, along with phos-
phatides, contains acylglycerols and leads to the formation of
a significant amount of sludge in enterprises. The by-product
is almost not used, and is subject to disposal if stored for a
long time. Phospholipids can be extracted from oils in vari-
ous ways, but all of them lead to significant losses of neutral
oil with a hydration precipitate. In the refining technology,

the phosphatide emulsion is usually mixed with soapstocks,
which significantly reduces the consumer value of the
mixture. Phosphatides are easily oxidized by oxygen. They
contain unsaturated acids in the molecule, which intensifies
the spoilage of vegetable fats. During storage of vegetable
oils, phosphatides are hydrolyzed to fatty acids, glycerin and
phosphoric acid. The hydrolysis of lecithin produces trime-
thylamine having a fish oil smell that spoils the product [5].

Most phospholipids produced do not provide for long-term
storage, have inappropriate color, acidity and viscosity [6].

Plant phospholipids are a complex of individual groups of
phospholipids, each exhibiting a unique physiological activ-
ity and having specific functional properties [7]. According
to [8], lecithin is a complex organic substance of the phos-
pholipid group, which by chemical structure is a complex
ester of glycerol and fatty acids, including phosphoric acid
and nitrogenous substances. Lecithins are obtained by phys-
ical methods from animals or nutrients of plant origin. These
natural energy substrates have a unique biopotential and can
be used for the production of essential phospholipids and
fractionated lecithins, functional foods, dietary supplements
and phospholipid substances. Such food concentrates are
used in the production of margarine, confectionery, bakery
and other products [9].

There is a method in which the phosphatide concentrate
obtained by standard technology can be further “improved” to
obtain a higher-quality product [10]. To do this, the phosphati-
de concentrate is treated with a peroxide-enzyme system fol-
lowed by re-dissolution in deodorized oil. This allows obtaining
a phosphatide concentrate with an acid value of oil extracted of
less than 10 mg KOH /g, color value — less than 3 mg J,. As a
result of obtaining a phosphatide concentrate at oil production
plants, it is possible to increase the oil yield in the main process
and obtain a multifunctional product — phosphatide concen-
trate. The disadvantage of this method is the high cost and
duration of treatment. In addition, there are no data on how to
extract oil as a valuable product.

In [11], the technology of degreasing phosphatide con-
centrate with isopropyl alcohol is proposed. The phosphatide
concentrate is treated with isopropyl alcohol in a ratio of 1:2
at the first stage of extraction, and then 1:1 at a temperature
of 50-70 °C and while intensive stirring at three more stag-
es. This technology significantly reduces extractant con-
sumption. But there are no data on the quality and amount
of oil separated from phospholipids. There is also a method
of separating phospholipids from oil by dissolving them in
hexane followed by hydration with water [12]. But the effect
of this method and process modes on oil extraction is also
not shown.

The authors of [13] propose a method that involves treat-
ing the oil with a hydrating agent, exposing the mixture,
separating the phosphatide emulsion from the hydrated oil
and drying the phosphatide emulsion. Moreover, after sep-
arating the phosphatide emulsion, whey is added to it in an
amount of 3.0-7.0 % by weight of the phosphatide emulsion.
Then it is heated to a temperature of 70—80 °C, separated
into aqueous and fatty phases, the fat phase is separated and
dried to obtain phosphatide concentrate. The technology
allows obtaining high-quality phosphatide concentrate with
low acid and peroxide values. The disadvantage of the study
is the focus only on obtaining phosphatides. But oil is also an
important component of the phosphate emulsion.

There is a method [14] of obtaining phosphatide concen-
trate by mixing unrefined oil with a hydrating agent in the



amount necessary for complete removal of phospholipids. Next,
the mixture is exposed, the phosphatide emulsion is separated
from the hydrated oil, and the hydrated oil and the phosphatide
emulsion are dried. The disadvantages of this method include
the high acid and peroxide values of the oil isolated from the
phospholipid product, and a long drying time of the emulsion.

In [15], a continuous technology for the purification of
phosphatide concentrate by magnetoacoustic method for
separating modified distillates of sunflower oil to obtain
lecithins with a high content of phosphatidylcholines was
developed. Distillation of a selective solvent, ethyl alcohol,
and adsorption by silica gel were used in the work, and to
increase their solubility and absorption capacity, ultra-
sound with an intensity of 10 W/m? was applied. This batch
treatment provides a substantially discolored granular leci-
thin-containing product in the form of microgranules of an
alcohol-insoluble fraction and a liquid fat-containing part,
partially absorbed by silica gel. But the work investigated
the method of obtaining only phosphatides. There are no
data on the use of the results for oil extraction.

There are technologies of phosphatide concentrate treat-
ment with the extraction of phospholipids from the mixture.
In particular, a promising method to obtain high-quality
phosphatide products is to extract them with ethyl alcohol
from phosphatide concentrates. The process of separation
of phosphatide concentrates takes place in ethyl alcohol at
a concentration of up to 1:12 and an elevated temperature
of the mixture of about 60 °C to obtain alcohol-soluble and
alcohol-insoluble fractions. After vacuum drying, a concen-
trated fat-oil phosphatide product with a characteristic odor
and intense color is obtained [16].

Thus, the substantiation of approaches to improving the
chemical-technological processes of separating phosphatide
emulsions and increasing the treatment depth of phosphatide
fractions, which are part of unrefined vegetable oils, is an
urgent task. However, there is not enough data on the devel-
opment of technologies for oil extraction from phosphatide
emulsions, as well as the impact of emulsion treatment
parameters on the quality and amount of oil. An important
issue is rational treatment conditions of oil hydration waste,
which will allow efficient use of enterprise resources to
obtain high-quality products, in particular, oil, for various
industries.

3. The aim and objectives of the study

The aim of the study is to develop rational conditions of
treatment of phosphatide sunflower concentrate with citric
acid solution. This will increase the efficiency of treatment
of oil hydration waste (phosphatide concentrate) with citric
acid to obtain a valuable component — oil, which can be used
in various fields.

To achieve the aim, the following objectives were set:

—to determine the organoleptic and physicochemical
parameters of an experimental sample of phosphatide sun-
flower concentrate;

— to determine the influence of treatment conditions of
phosphatide concentrate on the yield and mass fraction of
moisture of the extracted oil and determine rational condi-
tions for phosphatide concentrate treatment;

— to determine the quality of oil extracted from phos-
phatide concentrate under rational conditions.

4. Research materials and methods

4. 1. Examined materials and equipment used in the
experiment

The following reagents and materials were used:

— phosphatide sunflower concentrate according to
SOU 15.4-37-212: 2004 (CAS 3436-44-0);

— food grade citric acid according to DSTU GOST 908:
2006 (CAS 77-92-9).

4.2. Method of determining the organoleptic and
physicochemical indicators of the experimental sample of
phosphatide concentrate

Organoleptic and physicochemical indicators of the exper-
imental sample of phosphatide concentrate were determined
by standard methods according to SOU 15.4-37-212: 2004.

4. 3. Method of phosphatide concentrate treatment
with citric acid solution

A portion of phosphatide concentrate was placed in a
heat-resistant beaker mounted on an electric stove. A stir-
rer and a thermometer were placed in the beaker. A 10 %
citric acid solution was added. Hydration was performed at
a temperature of 45 °C with stirring. The amount of citric
acid in relation to the mass of phosphatide concentrate and
the process duration in the experiments corresponded to the
experimental plan. After hydration, the mass was settled for
3 hours at 45 °C, then the upper layer (oil), the middle lay-
er (phosphatides) and the lower layer (aqueous component
with citric acid) were separated.

4. 4. Method of determining the quality of oil isolated
from phosphatide concentrate

The transparency, taste and smell of the oil are deter-
mined by standard methods according to DSTU 8842: 2019
(AOCS Cg 2-83). The acid value, peroxide value, mass
fraction of phosphorus-containing substances, mass frac-
tion of moisture and volatile substances are determined by
standard methods according to DSTU 4350 (ISO 660),
DSTU 4570 (ISO 3960), DSTU 7082 (ISO 10540-3),
DSTU 4603 (ISO 662), respectively.

4. 5. Research planning and processing of results

A complete second-order factorial experiment was
used for research planning and mathematical data pro-
cessing. Processing of scientific results, construction of
graphical dependences were performed in Stat Soft Sta-
tistica v6.0 (USA). Each experiment was performed twice.

3. Results of studying the influence of phosphatide
concentrate treatment conditions on oil extraction
efficiency

5. 1. Determination of organoleptic and physicochem-
ical indicators of phosphatide sunflower concentrate

Organoleptic and physicochemical indicators of the ex-
perimental sample of phosphatide sunflower concentrate are
given in Table 1.

So, the experimental sample of phosphatide sunflower con-
centrate is close to phosphatide fodder concentrate (SnK grade)
according to SOU 15.4-37-212: 2004. But the indicators of the
sample (except for acid and peroxide values) deviate from the



norm. Thus, a non-standard sample of phosphatide concentrate
was used to extract the valuable product — oil.

Table 1

Organoleptic and physicochemical indicators of the
phosphatide concentrate sample

The significance level of the coefficients of equa-
tions (»p>0.05) and the coefficients of determination, which
were 0.967 and 0.912 for equations (1) and (2), respectively,
were determined.

Table 2 shows the experiment planning matrix, experi-
mental and calculated values of the response functions. The
calculated values of the response functions are obtained by

Indicator S Characteristic equations (1) and (2).
Organoleptic indicators
The odor is typical for Table 2
sunflower oil, without Planning matrix and val fr nse function
Odor and taste mustiness and other anning matrix and vajues of response functions
fgreign odprs. The taste is Factors of vari- Experimental Calculated values
inherent in phosphatides i values of response | of response func-
Consistency Pasty Ex- ation functions tions
Physicochemical indicators peri- Citric | Hydra- Mass Mass
Mass fraction of moisture and volatile 40 ment acid t%on frac- fraction
substances, % ) num- Oil tion of Oil of mois-
; ber | con | dura g ol | moisture | yield, % |t
Mass fraction of phosphatides, % 37.0 centra- | tion, | Y%7 ml(r)lli ﬁlere yeld, % inutrl(;e
f Ma‘ss frafctic;)n of oil, % — 65.5 tion, % min oil. % oil. %
Mass m“i‘fllthysluefﬁgﬁi/’f insoluble 5.2 1 5 5 394 | 291 | 417 | 310
Acid value of the oil extracted from 182 2 5 15 479 283 46.5 282
the concentrate, ng KOH/g ) 3 5 25 52.5 27 50.3 26.0
Peroxide value of the oil extracted 247 4 5 35 54.2 26.2 53.1 24.6
: .
from the concentrate, %4 O mmol /kg 5 5 5 548 259 55.0 238
6 10 5 429 25.7 45.9 28.3
5.2. Determinationd(?f'the influ(_alnce of pl.lospl;?.ti'de con- 7 10 15 49.9 23.6 50.7 955
centrate treatment con ¥t10ns on o1 extractl'on efficiency ) 10 25 548 293 544 233
In order to separate oil from the phosphatide concentrate,
a 10 % citric acid solution was used. Citric acid is used in oil 9 10 35 543 22.2 573 218
hydration to more fully concentrate phosphatides and con- 10 10 45 56.9 21.2 59.2 21.0
vert non-hydrated forms of phosphatides to hydrated ones. 11 15 5 53.8 25.2 51.7 26.3
II.I the study, citric acid was used to more effect'i\{ely separate 19 15 15 584 233 56.4 235
oil frpm the concentrate. The 1nf1uer%ce. of C(?ndltlons qf phos- 13 5 95 2y 913 60.2 213
phatide concentrate treatment by citric acid (hydration) on
the yield and mass fraction of moisture of the isolated oil is 14 15 35 669 211 630 19.8
determined. Conditions of the factorial experiment: number 15 15 45 711 20.9 64.9 19.1
of factors — 2, number of factor variation levels — 5, number 16 20 5 56.5 27.8 59.0 25.1
of experiments — 25. Fact(}rs and intgrv;;ls of Varie}lfion: . 17 20 15 601 239 637 292
— x1 — concentration of citric acid relative to the mass o 18 20 5 642 193 675 201
phosphatide concentrate: from 5 to 25 % (5, 10, 15, 20, 25 %); " P Py 5 '5 N .6 0'4 18.6
— x9 — hydration duration: from 5 to 45 minutes (5, 15, ‘. L 0. :
25, 35, 45 minutes). 20 20 45 72.2 17.7 72.3 17.8
The response functions are the yield (as a percentage 21 25 5 73.4 27.3 67.9 24.5
of Qil in t'he phos.phatide concentrate) and mass fraction of 29 25 15 75.1 29.8 72.6 21.7
moisture in the oil. ‘ 23 | 25 25 | 761 | 186 | 764 | 196
The research results were processed in the Stat Soft Sta- by 55 35 g 74 703 151
tistica v6.0 package (USA). Second-order regression equa- : : : :
tions, which are the dependences of the response functions 25 25 45 785 13.5 81.2 17.3

on the hydration process parameters, are calculated.
The regression dependence of oil yield (y1) on hydration
conditions in real variables has the form:

y,=33.116+0.585-x, +0.699- x, +
+0.031- 2% —0.009- x, - x, —0.005 - 2. 1)

The regression dependence of the mass fraction of mois-
ture in the extracted oil (y2) on hydration conditions in real
variables has the form:

Y, =31.499—-0.457x, - 0.164- x, +
+0.015-x2-0.013- x, - x, +0.003- x2. )

Graphical dependences of the response functions on
hydration conditions (response surface) are constructed, as
shown in Fig. 1, 2.

From Table 2, equation (1) and Fig. 1, it is found that
with increasing citric acid concentration and hydration
duration, the oil yield increases. The concentration of cit-
ric acid has a more significant effect on the oil yield than
the duration. At a citric acid concentration of 25 % with
increasing duration from 5 to 45 minutes, starting from
15 minutes, there is no significant increase in response
function. Therefore, the rational conditions in this case
are the citric acid concentration of 25 %, hydration dura-
tion of 15 minutes.
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Fig. 1. Dependence of extracted oil yield on citric acid
concentration and hydration duration (response surface)

M > 29
Mass fraction B <28
of moisture I <26
in the oil, % B <24

[1<22
[1<20
B <18
B <16
B <14

30 §
26
22
18
14

18 Citric acid
22 concentration, %

20
Hydration duration, min. 30

40

Fig. 2. Dependence of the mass fraction of moisture in the
isolated oil on citric acid concentration and hydration duration

According to Table 2, equation (2) and Fig. 2, with
increasing variation factors, the mass fraction of moisture
in the oil decreases, indicating an increase in the efficien-
cy of separation of phosphatides and oil. The duration has
a more significant effect on the response function. The
greatest effect of duration is observed at an acid concen-
tration of 25 %. From 25 to 35 minutes, the decrease in
the mass fraction of moisture slows down. Taking into
account the effect of duration at other acid concentra-
tions, rational conditions are the citric acid concentra-
tion of 25 %, hydration duration of 25 min. Under these
conditions, the oil yield was 76.1 %, the mass fraction of
moisture in the oil — 18.6 %.

5. 3. Determination of quality indicators of oil ex-
tracted from phosphatide concentrate

The oil extracted from the phosphatide concentrate
was analyzed for basic organoleptic and physicochemical
indicators. Before analysis, the oil was washed with 45 °C
water to remove residual citric acid. The oil was then settled
for 4 hours, dried in a vacuum at 85-90 °C to 0.15% by
weight and investigated. The results of the study are given
in Table 3.

Table 3

Organoleptic and physicochemical indicators of oil extracted
from phosphatide concentrate (after drying)

Indicator Characteristic

Transparent, no sedi-

Transparency ment

Inherent in sunflower oil.

Odorand taste The taste is slightly bitter

Acid value, mg KOH /g 3.7

Peroxide value, %> O mmol/kg 5.1
Mass fraction of phosphorus-contain-

ing substances in terms of stearooleo- 2.8

lecithin, %
Mass fraction of moisture and volatile
substances, %

0.15

Thus, the oil extracted from the phosphatide concentrate
corresponds to the first-grade unrefined unwinterized sun-
flower oil according to DSTU 4492. But the mass fraction of
phosphorus-containing substances exceeds standard values.
Such oil can be used for refining, technical purposes, fatty
acids and biodiesel. After additional purification, the oil
can be used for industrial processing into food. Indicators
that primarily characterize the suitability of the oil for hu-
man consumption (acid and peroxide values) are within the
norms for the first-grade unrefined unwinterized sunflower
oil according to DSTU 4492.

6. Discussion of the results of studying the influence of
phosphatide concentrate treatment conditions on oil
extraction efficiency

The technology of oil extraction from phosphatide sun-
flower concentrate with non-standard quality indicators,
which involves treatment of the concentrate with citric acid
solution, has been studied. The influence of the parameters
of phosphatide concentrate treatment with citric acid (hydra-
tion) on the yield and mass fraction of moisture in extracted
oil is determined. Analyzing Table 2, Fig. 1,2 and equa-
tions (1), (2), rational conditions for concentrate treatment
are determined: duration (25 min) and citric acid concentra-
tion in relation to the mass of phosphatide concentrate (25 %).
Under these conditions, the oil yield increased to 76.1 %, the
mass fraction of moisture in the oil decreased to 18.6 %. Ac-
cording to the review of scientific studies [10-16], the main
task of processing phosphatide concentrates is to obtain
phosphatides. However, there are no data on the develop-
ment and optimization of technologies for oil extraction
from concentrates. Therefore, the study of the process of
oil extraction from concentrates, determination of rational
conditions for maximum oil yield and reducing the moisture
content in the oil are important areas of research. Rational
conditions for concentrate treatment are determined by the
results of the experiments provided in Table 2.

The work differs from the existing scientific re-
search [10—16] by determining rational conditions for acid
hydration of phosphatide concentrate with non-standard
indicators (mass fraction of moisture and volatile substanc-
es, mass fraction of phosphatides, mass fraction of oil, mass
fraction of substances insoluble in ethyl ether) in order to
extract oil. This technology will allow efficient separation



of phosphatides and oil with rational use of resources and
predicting the yield and quality of extracted oil.

Phospholipids have a structure of esters, the molecules of
which include residues of fatty acids, phosphoric acid and an
additional group of atoms containing nitrogen. Phospholipid
molecules are diphilic in nature; the hydrophobic part is
represented by fatty acid radicals, and the hydrophilic part
by polar groups. Therefore, phospholipids are surfactants.
Hydration is a chemical method of oil refining, in which oil
is treated with water or an acid solution. In the first case,
phospholipids add water, lose solubility and are isolated from
the oil. In the second case, non-hydrated forms of phospho-
lipids (calcium and magnesium derivatives of phospholipids)
are extracted. At the same time, phospholipids break down.
Weak electrolyte solutions, in particular sodium chloride,
are used to intensify the separation of phospholipids. There-
fore, citric acid treatment is promising for efficient separa-
tion of oil and phospholipids.

With increasing citric acid concentration and process
duration, the oil yield increases, the mass fraction of mois-
ture in the oil decreases. The concentration of citric acid has
a more significant effect on the yield, and the duration — on
the mass fraction of moisture in the oil. The greatest ef-
fect of duration on the mass fraction of moisture in the oil
is observed at an acid concentration of 25 %. At an acid
concentration of 25 % with increasing duration from 5 to
45 minutes, starting from 15 minutes, the yield increases
only 1.1 times, and the mass fraction of moisture decreases
2 times. From 25 to 35 minutes, the decrease in the mass
fraction of moisture slows down. Taking into account the
effect of duration at other acid concentrations, rational con-
ditions are the citric acid concentration of 25 %, hydration
duration of 25 min.

Increasing the process duration promotes a more effi-
cient and complete interaction of phospholipids with the
acid and, as a consequence, a more complete separation
of oil. The concentration of citric acid affects the com-
pleteness of the process of phospholipids and emulsion
destruction, which affects the separation efficiency of
phospholipids and oil.

The obtained data reveal a relationship between the
treatment parameters of phosphatide concentrate and the
efficiency of oil extraction, which will allow rational and
efficient processing of oil hydration waste into valuable
products. The results of the work contribute to the provision
of various industries with affordable raw materials (oil) and
solving the problem of fat waste disposal. In particular, the
oil extracted from hydration waste can be a raw material for
the production of biodiesel from fatty acid esters.

The production use of the obtained scientific results is
limited. Treatment of phosphatide concentrate should be
carried out under the developed rational conditions. After

all, the factors of variation have a significant impact on the
yield and moisture of the extracted oil. The need to wash the
oil from citric acid and dry it should be taken into account.
The presence of acid can distort the results of studies of oil
indicators and limit the use of oil in various fields.

The disadvantage of the study is the determination of
the effect of hydration parameters only for the oil produc-
tion process. Phospholipids are also an important compo-
nent of phosphatide concentrate, which are used in various
fields (chemical, food industry, etc.). It is advisable to con-
duct experiments on the quality of phospholipids obtained
by this technology.

Promising areas of research are to determine the influ-
ence of hydration parameters on other oil indicators, as well
as on the quality and yield of phospholipids. This will allow a
comprehensive description of the technology of phosphatide
concentrate separation into valuable components, as well
as provide information on the use of these components for
various purposes.

7. Conclusions

1. Organoleptic and physicochemical parameters of the
experimental sample of phosphatide sunflower concentrate
were determined. The mass fraction of moisture and volatile
substances — 4.0 %, phosphatides — 37.0 %, oil — 65.5 %,
substances insoluble in ethyl ether — 5.2 %. The acid value
of the oil extracted from the concentrate is 18.2 mg KOH /g,
the peroxide value of the oil extracted from the concen-
trate is 24.7 % O mmol/kg. In terms of quality indicators,
phosphatide concentrate is non-standard according to
SOU 15.4-37-212:2004 (CAS 3436-44-0).

2. The influence of treatment conditions of phosphatide
concentrate on the yield and mass fraction of moisture of the
extracted oil is determined. Rational conditions for concen-
trate treatment are determined: duration (25 min) and citric
acid concentration in relation to the mass of phosphatide
concentrate (25 %). Under these conditions, the oil yield was
76.1 %, the mass fraction of moisture in the oil was 18.6 %.

3. Quality indicators of the oil extracted from phos-
phatide concentrate under rational conditions were deter-
mined. The acid value — 3.7 mg KOH/g, peroxide value —
5.1 % O mmol/kg, mass fraction of phosphorus-containing
substances, in terms of stearooleolecithin — 2.8 %, mass
fraction of moisture and volatile substances — 0.15 %. The
extracted oil corresponds to the first-grade unrefined un-
winterized sunflower oil according to DSTU 4492. But the
mass fraction of phosphorus-containing substances exceeds
standard values. The oil can be used for refining, technical
purposes, fatty acids and biodiesel, after additional purifica-
tion — for industrial processing into food.
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