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Abstract

The stage of degumming of vegetable oils is carried out in order to extract polar lipids - phospholipids. The
efficiency of this stage depends not only on the low final content of phospholipids in the refined oil, but also on the
safety of the used degumming agents, speed, easiness of degumming and low cost of the process. The process of
degumming of sunflower oil in the presence of a new degumming agent - calcium acetate has been studied. Calcium
acetate (food additive E 263) is a safe substance that is completely absorbed by the human body and does nothave a
negative impact on the environment. Rational conditions for degumming to obtain the oil with a phospholipid
content of < 0.05% have been established. Rational conditions for degumming in the presence of calcium acetate
have been determined. The main indicators of the quality of refined oil and lecithin obtained as a result of
degumming have been investigated. They comply with the requirements of the current regulatory documents. One
of the disadvantages of sunflower lecithin is its ability to be changed from a liquid to a plastic state, namely,, to
increase the viscosity during storage. The double technological effect of using calcium acetate has been proven - it
is an effective degumming agent and an additive, is able to significantly reduce the viscosity of lecithins, obtained
at the hydration stage, to the values at which they do not form plastic modification.

Keywords: sunflower oil; degumming; lecithin; phosphatide concentrate; phospholipid content; lecithin viscosity; calcium
acetate.

JOCJIDKEHHA BIIVIMBY ALIETATY KAJIBIIIIO HA ITPOLIEC TIIPATYBAHHA
COHALIIHUKOBOI OJIIi

Anacracisa 0. lemupoBa,! @egip @.nagkuis,! OneHa @. AkcboHOBa,2CBiT/IaHa M. MosibyeHKO!
1 HayioHasvHull mexHivHutl ynieepcumem «Xapkiecokuil noaimexuivHuil iHcmumymy, eya. Kupnuvoea, 2, Xapkis, 61002,
YKkpaina
2Xapkiecbkull depicasHull yHigepcumem xap4yeanHs ma mopziei, eya. Kaoukiecvka, 333, Xapkis, 61051, Ykpaina
AHToAalisa
Crajia rigpaTyBaHHA POCJHMHHUX OJIii NPOBOAMTBHCA 3 MeTOK BWJIy4YeHHS NOJAPHUX Jimigis - ¢ocouinigis.
EdexTHBHICTL nmpoBeaeHHA Lji€i crajii mossrae He JiMmie B HHU3bKOMY OCTaTOYHOMY BMicti ¢ocdoninigis y
rigpaToBaHiii ojii, a 1 y 6e3nmeyHOCTi 3aCTOCOBAaHUX TiApPaTyHW4YHX areHTiB, MBH/JKOCTi, IPOCTOTi NpoBeJeHH:
riapaTyBaHHsA Ta HM3bKil BapTocTi npouecy. JlocaifKeHo nMpouec rizpaTyBaHHA COHALIHMKOBOI 0J1ii B NPUCYTHOCTI
HOBOr0O TipaTylw4yoro areHTy - aleTaTy KaJjbLilo. AuneraTr KaJjbLilo (xapuyoBa go6aBka E 263) € Ge3dne4yHOomw
Pe4Y0BHHOI0, L0 MOBHICTI0O 3aCBOIETHCA OPraHisMOM JIOAMHU Ta He YUMHHMTh HEraTUBHOrO BILJIMBY Ha AOBKLLIA.
BcTaHoOB/IEeHO panioHa/bHiI YMOBHU NpPOBeAEHHS riipaTyBaHHA 3 METOI0 OJep KaHHA 0Jii 31 BMicToM ¢ocoinigis <
0.05 %, a came: KinbkicTh amerarty Kajblilo - 0.01 %;TpuBaicTh rigparyBanHsa - 10 xB; KinbkicTe Boau - 1 %.
Bu3HayeHO panioHa/IbHi yMOBU NpPOBeJeHHA TiijpaTyBaHHA B NPUCYTHOCTI aneTaTty Kajabnio. JocaifKeHOo OCHOBHI
NMOKa3HUKHU AKOCTi riApaToBaHOi oJIii Ta JeUTHHY, OJepP>KaHOro B pe3yJbTaTi rizpatysa HHd. BoHu BignosigaoTh
BUMOraM Jil04ux HOPMAaTHMBHUX JAOKyYMeHTiB. OZHUM 3 HeJOJiKiB JIEUTUHY COHSAWIHUKY € HOro 3JaTHicTb
nepexoAUTH 3 piAKoOro craHy A0 NJIACTUYHOro, TOGTO MiABHINYBaTHU B'A3KicTh B mpoueci 36epiraHHsa. /loBeaeHui
NOABIHHUI TEeXHOJIOTiYHUI ePeKT BUKOPHMCTAHHA alleTaTy KajbLilo - AK epeKTHBHOrO rijparamniiHoro areHTy Ta
A06GaBKH, 110 CYTTEBO 3HMKY€E B'AI3KICTh JIeUTHHIB (AKi ofep:KyloTh Ha cTrajii rizpaTyBaHHs) A0 3Ha4YeHb, 32 AKUX
BOHU He YTBOPHIOTh NJIACTUYHOI MoAudikanii.
Karvosi can0ea: COHSILIHUKOBA OJlisl; TifipaTyBaHHs; JeUUTHH; ¢ocaTUAHUNA KOHLEHTpaT; BMicT ¢ocdouinifiB; B'A3KicTb
JIEUTHHY; aleTaT KalblLiio.
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HUCCJEJOBAHHME B/IMAHUA ALETATA KAJIbIHUAHA ITPOUECCTUAPATAIIMA
INOACOJIHEYHOI'O MACJIA

Anacracus A. lemuioBa,! ®egop @. 'nagkuif,! Enena ®@. AkceHoBa,2 CBeTsiaHa H. MosibueHKO!
1 HayuoHaeHbill mexHuYeckuil yHugepcumem «Xapbkoeckull noaumexuHudeckull uncmumymy, ya. Kupnuuesa, 2, Xapuvkos,

61002, YkpauHa
2Xapwrosckuii 20cydapcmeennvlii yrusepcumem numanus u mopzoemi, yi. Knouxoeckas, 333, Xapwvros, 61051, Yipauna

AHHoOTaIL U

CragMs TUApaTalluM pacTUTEJbHBIX MaceJl NPOBOAUTCA C IeJbl0 H3BJeYeHHs NOJSAPHBIX JIMOUJAO0B -
dochomnnupoB. IPppekTUBHOCTL NpOBeJeHUs 3ITOil CTAAUU 3aKJHYAETCAd HE TOJABKO B HHM3KOM KOHEYHOM
cogepxkaHuu pochoUNUAOB B rHAPATHPOBAHHOM MacJje, HO M B 6e30MaCHOCTH NPUMEHAEeMbIX THAPaTUPYIOINX
areHTOB, CKOPOCTH, NPOCTOTe NPOBeJeHUsA THApaTallid U HU3KO#H crouMocTu mpouecca. McciemsoBaH mpounecc
rujpataguy NoACOJTHEYHOro Macja B NPUCYyTCTBUU HOBOTO THPAaTUPYIIET0 areHTa — aneTraTa KaJblusa. Anerar
KaJibuusa (numeBasa jgo6aBka E263) saBiasercs 6e30macHbIM BeleCTBOM, KOTOpOe MNOJIHOCTbI YCBaMBaeTCs
OpPraHM3MoOM 4YeJjioBeKa M He OKa3blBaeT HEeraTMBHOTO BJIMAHUS Ha OKPYXKaOIyl0 cpejy. YCTaH OBJIEHbI
panHoHa/IbHble yCJIOBHA NPOBeJEeHUs THJApaTaliiy C eJIbl0 NoJyYeHHusa Macia ¢ cogep:xanueM ¢pochounupos <
0.05%. OmnpejesieHbl palOHAJIbBHbIE YCJOBHS NPOBEAEHUS THMApPATAlMM B NPHUCYTCTBUM aneTaTa KaJibIus.
HUcciej0BaHbI OCHOBHBIE NTOKa3aTe/JM KayecTBa THAPaTUPOBAHHOIO MacJja M JIeMUTHHA, NOJy4YeHHOro B pe3yJibTaTe
rugpatagud. OHHM COOTBETCTBYIOT TpPeGOBaHMAM [AEHCTBYIOIIUX HOPMATHUBHBIX JAOKyMeHTOB. OAHMM u3
HEeJ0OCTaTKOB JIEIIUTUHA IOJCOJTHEYHHMKA SABJSAETCA €ro CHOCOGHOCTh NEepeXoAUTh U3 KUAKOTo COCTOSIHUS B
IJIaCTUYECKOE, TO eCTh NMOBBIIIATh BA3KOCTh B Mpolecce XpaHeHUs. Jloka3aH ABOWHOH TeXHOJIOrn4ecKuu s¢pdexT
HCIOJIb30BaHUsA aleTaTa KajablusA - KakK 3¢pQPeKTHBHOrO rMApaTHUpPYIOIIEro areHTa M Kak A06aBKH, CIOCOGHOI
CyLleCTBEHHO CHW)KATh BA3KOCTb JIELUTHHOB, NOJY4YEeHHBIX Ha CTaAUU rHApaTanMH, A0 3HaYyeHHH, IPU KOTOP bIX
OHM He 06pa3yloT MJIacTUYeCcKOi MoguduKan .

Katouesvle c/106a: NOACONHEYHOE MacJo; TUApATaLys; JEUUTHH; ¢ocaTHAHBIH KOHLEHTPAT; cofepikaHue ¢ocdoUIHIoB;
BA3KOCTb JIEHUTHHA; alleTaT KaJIbLHd.

Introduction
The first of the stages of refining vegetable oils

composition of oils due to the negative effect that
they have at the stage of refining. Thus,

- degumming, is carried out in order to extract
phospholipids from oils. Phospholipids are
physiologically active substances: they are
essential for the growth, development and
functioning of all somatic cells of the body, they
are antioxidants and take partinthe work of the
nervous system. Phospholipids provide
substrates for intercellular communication,
which allowes toregulate hemostasis, immunity,
thrombosis, and are essential for treatment of
cardiovascular diseases (BaxxyiuBi npu siikyBaHHi
I[MX 3aXBOPIOBaHb, Y4 OE€PYTh yYaTh y YTBOPEHHI
3axBoploBaHb? {1 o6paJsia npu JiKyBaHHI, IpoTe
BapTO MepeBipUTU Ta BUIPABUTU SAKLIO Iie
HeBipHO). Also, phospholipids are an integral part
of cell membranes - the liver consists of 80 %
phospholipids, the brain - of 60 %, etc. [1; 2].
Despite the many positive physiological functions
of phospholipids, they are removed from the

neutralization, adsorptive cleaning, deodoriza-
tion, the main stages of obtaining refined oils, are
impossible to carry out qualitatively in the
presence of significant amounts of phospholipids
in oils [3]. The purpose of degumming is the most
complete removal of phospholipids, as well as a
reduction of the content of metals with variable
valence, removal of mechanical impurities, etc.
How does the degumming process take place?
When wateris added tothe oil, phospholipids are
gradually concentrating on the surface of water
droplets, and their hydrophilicpartisimmersed
[4] (Fig. 1, position on the right - a part of the
phosphoester group with an attached nitrogen-
containing fragment and glycerol skeleton,
respectively) inside the droplets (Fig. 1, position
on the left - two fragments of fatty acids), the
hydrophobic partisin the oil.
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Fig. 1. Structure of the phosphatidylcholine molecule
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Thus, the so-called "associates" are created
between water and phospholipids [5], which,
under the influence of gravity, settle to the

bottom of the degumming reactor and are
separated from the oil by separation or
decantation in the form of lecithin gum.
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Fig. 2. Varieties of phospholipids contained in vegetable oils

However, simple water degumming cannot
provide a low residual phospholipid content in
refined oil due to the fact that not all
phospholipid groups are removed during water
degumming. The varieties of phospholipids
contained in the vegetable oils are shown in
Fig. 2. Phosphatidylinositol is easily hydrated
with water due to the presence of five free
hydroxyl groups on the inositol fragment. The
hydrophilicity (that is, in this case, the ability to
be removed from the oil by water) of other
phospholipid groups depends on their ability to
form an internal salt at certain pH values
(between anegatively charged phosphorusand a
positively charged amine group - Fig. 1, 2). The
most important fraction of phospholipids,
phosphatidylcholine, does not form an internal
salt at any pH value (positive and negative
chargesinthe phosphatidylcholine molecule are
far from each other and do not contact) and
therefore is hydrophilicatany pH value [6]. That
is, after along-lasting water degumming, the final
amount of phosphatidylcholine and
phosphatidylinositol in the degumming oil is
visible [7]. To remove phosphatidylethanolamine,
acidic environment is required. As the pH rises,
phosphatidylethanolamine is beginning to form
an internal salt and is losing its hydrophilicity.
Phosphatidic acids, on the other hand, become

hydrophilic in an alkaline environment (the
molecule becomes positively charged). Therefore,
these phospholipid groups should be considered
only partially hydrophilic (they are part of
phospholipids, are hydratable and non-
hydratable [7]. The so-called non-hydratable
phospholipids (mainly calcium and magnesium
salts of phosphatidic acids, as well as
phospholipids  associated  with  sodium,
potassium, calcium, and iron) are not hydrated at
any pH. Therefore, to ensure a low content of
phospholipids inrefined oil, itisnecessary to use
a degummingagentthat will interact with most of
these forms of phospholipids and convert them
intoa hydrophilicform [8].

One of the best degumming agents are acids
[9-11]. Citric, phosphoric or other acid added to
the oil displaces the phosphatidic acid from its
salts (mainly calcium and magnesiumsalts). The
formed non-dissociated phosphatidic acid
contains of two fatty acid residues, namely, it is
still able to dissolve in the fats and is not able in
the water. When the pH israised by theaddition
of water, phosphatidic acid forms a sodium salt,
which has a significant dipole moment and is
hydrophilic, accordingly. After acid degumming,
neutralization is usually carriedout[12], during
which practically all phosphatidic acids are
removed from the oil (mainly in the form of
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monosodium salt) [13]. The other most
widespread degumming option today is the use of
enzymes [14;15]. The degumming stage
produces a valuable by-product - phosphatide
concentrate or liquid lecithin, which is widely
used in the food and pharmaceutical industries
due to its various technological functions
(emulsifier, antioxidant, stabilizer,defoamer, etc)
[16;17].

Modern degumming technology must solve
two problems. The first one is the derivation of
the maximum number of different forms of

phospholipids. The second one is the possibility
to obtain a by-product - lecithin with quality
indicators that meet international requirements.

Different countries use different methods for
studying the quality of lecithins, therefore, the
requirements for them are different. Comparative
analysis of the requirements for lecithins is
summarized in table. 1. A significant differenceis
observed in the identification of such indicators
as the mass fraction of mechanical impurities and
color.

Table 1
Requirements for lecithins
Indicator SOU 15.4-37-212:2004 GOST 32052-2013 EU E 322 [16]
"Phosphatide concentrates. Food additives.
Specifications " Lecithins E322
Acetone-insoluble 60 60 60
matter, %
Moisture and volatile 1.0 1.0 Loss on drying. Not more than

matter content, %

2 % (105 °C, 1 h)

Mass fraction of
mechanical impurities

Ethyl ether insolubles. Not more
than 1.5 %

Toluene-insolubles. Not more
than 0.3 % (some companies
use the hexane-insolubles <
0.5 % indicators)

Toluene-insolubles.
Not more than 0.3 %

Acid value of oil isolated from
phosphatide concentrate, mg
KOH/g 10

Acid value, mg KOH/g,
not more than

36 not more than 36 mg of
potassium hydroxide per gram

Peroxide value, mmol %2 Peroxide value oil isolated from 10 10
0/kg, not more than phosphatide concentrate, not
more than 10 mmol ¥ 0/ kg
Viscosity at 25 °C, Pas, 12 12 12
not more than
Color Color, mg of iodine, not more than  Color ofa 10 % Unit of Gardner color scale - 17

-8 (1% solution in hexane)

solution in toluene, mg
of iodine <80

The two main problems of sunflower lecithins
produced in Ukraine, which often do notallow to
call them the international term «lecithin» -are ,
firstly, the possible high content of mechanical
impurities (insoluble in hexane, toluene or in
ethyl ether according to various standards
countries), and secondly, high viscosity. The
problem of high content of mechanical impurities
is solved by effective filtration of oil before
refining (separators are used for this purpose).
Therefore, there is no need to solve the first
problem in this study. The decrease in viscosity is
possible during the technological exposure tothe
lecithin, preferably during the lecithin drying
stage. Even more appropriate is the injection of
phospholipid diluents at the stage of degumming
of the 0il.The viscosity of lecithins is a complex
parameter that depends on the content of
acetone-insoluble substances (actually
phospholipids), moisture, mineral content, free
fatty acids, fatty acid composition of acyl
phospholipids, etc. Typically, higher levels of
acetone-insoluble substances and water result in
higher viscosity, while higher levels of free fatty

acids often reduce viscosity [18]. When the
content of acetone-insoluble substances in soy
lecithin is about 62 %, it is possible to obtain
liquid lecithin. The so-called plastic form of
lecithin is obtained at acetone-insoluble
substances content of 65 %, , in this case lecithin
has thick, plasticine-like consistency. Lecithin
also tends to "plasticize" during storage, thatisto
increase viscosity. [tisimportant tonote that the
maximum tendency to plasticization isobserved
at a moisture content of about 0.7 %.The
cheapest way toreduce the viscosity of a lecithin
is to inject the salt solution before drying the
lecithin gum. [tis more expedienttoenter it at a
degumming stage - salt is evenly distributed in
phospholipids, thus the efficiency of degumming
increases. For example, [19] describesa method
of degumming, in which a solution of sodium
chloride with a concentration of 2-5 % (with the
addition of nonionic surfactants with a
concentration of 0.02-1%) is used as a
degumming agent However, such degumming is
ineffective (the final content of phospholipids in
refined oil is 0.2-0.3 %). All 2-5 % of sodium
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chloride get to lecithin and remain in it in the
form of so-called mechanical impurities, and their
content according to the requirements of
European standards should not exceed
hexaneinsolubles < 0.5 %.A more common way to
reduce the viscosity of lecithins is to add fatty
acids. Fatty acids have a significantly lower
density compared to lecithin, and are its natural
components. However, their use in an effective
amount of 2-10% is accompanied by a
significant increase in the acid value and a
decrease in the content of acetone-insoluble
substances in the lecithin. The same (except for
increasing the acid value) applies to the use of
ethyl or other esters of fatty acids [18, 20].

Divalent metal salts can also effectively reduce
the viscosity of lecithin [21]. Therefore, it is
necessary to select and investigate a substance
that, in addition to reducing the viscosity of the
lecithin, will alsobe a highly effective degumming
agent.

Calcium acetate (the formulais Ca(CH3C00)>)
is registered as a food additive E263
(preservative, acidity regulator).Ilts most common
commercial form - monohydrate
Ca(CH3C00)2'H20 s fully absorbed by the human
body. The permissible dailyintake isnotlimited,
which indicates the safety of this substance.
Acetates are normal components of the diet of
humans and animals and are produced in molar
quantities in the gastrointestinal tract. They are
fully metabolised and so do not pose a riskto the
environment [22]. Calcium acetate is used in
pharmaceuticals to prevent bone loss and
improve bone microarchitecture [23]. The
presence of the CH3COO- group in its molecule
leads to the possibility of excretion of
phosphatidylethanolamine and part of non-
hydrated phospholipids. The presence of Caz*ion
could enrich the phosphatide concentrate with
this useful element for human health.

Thus, in our opinion, calcium acetate can be an
effective degumming agent capable of reducing
the phospholipid content in sunflower oil to low
final values (less than < 0.05% in terms of
stereooleolecithin). At the same time, this
additive should have a positive effect on reducing
the viscosity of sunflower lecithin obtained as a
result of degumming. Considering the safety of
calcium acetate, such a study to find its dual
technological effectlooks relevant. The purposes
are: to study the effectiveness of calcium acetate
in terms of reducing the phospholipid content in
sunflower oil, to study the effect of calcium
acetate on reducing the viscosity of lecithin,

which is obtained as a result of degumming of
sunflower oil.

Research objectives:

- to establish the effectiveness of calcium
acetate in the removal process of phospholipids
from sunflower oil;

- to determine the rational conditions of
degumming in the presence of calcium acetate,
including enough water for such degumming;

- to determine the quality indicators of
sunflower oil and lecithin obtained by
degumming with calcium acetate and their
compliance with modern requirements;

- to investigate the effect of calcium acetate on
reducing the viscosity of sunflower lecithin.

Materials and methods

Unrefined unrehydrated crude sunflower oil
was chosen as the object of the study (DSTU
4492:2017).

The degumming of sunflower oil was carried
out using a magneticstirrer with a thermocouple
at a temperature of 55 °C, with constant stirring
(60 rpm). The volume of the sample is 500 cm3,
the temperature was controlled with an error of +
0.1 °C. Effect of addition of water was studied at
0.5, 1, 2.5 % loading using distilled water as the
additive.

To determine the quantitative content of
phospholipids of substances in oils, an express
analyzer of phospholipids AMDF - 1A was used.
The range of measurements of phospholipids
mass fraction (Ci), %, (in terms of
stereooleocytin)in sunflower oilis 0.02-1.5. The
limits of relative measurement error, %, in the
ranges of mass fraction (0.02-3.0)% are
calculated by the formula:

[(3.4-10-3+0.13-Ci) / Ci]- 100.

Obtaining a phosphatide concentrate was
carried out as follows. After degumming, the
phases of degumming oil - lecithin gum were
separated using a paper filter. The drying of the
lecithin gum obtained after degumming and
phase separation was carried outinalaboratory
rotary evaporator at a temperature of 90 (+ 0.5)
2C and aresidual pressure of 5 kPa to a moisture
contentof < 0.5 %.

The acid value of sunflower oil was
determined according to DSTU 4350: 2004 Oils.
Methods for determining the acid value.

The mass fraction of moisture and volatile
substances was determined according to DSTU
[SO662:2004 Animal and vegetable fats and oils.
Determination of moisture content and volatile
substances.
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Peroxide was determined using the acetic
acid-isooctane method (AOCS Cd 8b-90) in terms
of milliequivalents of peroxide per kilogram of
testsample. The method is commonly used in oil
processing industries.

The content of non-fatty impurities in
sunflower oil was determined according to
DSTU ISO 663-2003 Animal and vegetable fats
and oils. Determination of the content of
insoluble impurities.

The quality indicators of the obtained
phosphatide concentrate were studied by SOU
15.4-37-212:2004 «Phosphatide concentrates.
Specifications».

All experimental data were obtained twice.
The article shows the average values. The mean
deviation did not exceed 0.1 for a confidence
interval of 0.95.

Results and discussion

To study the effectiveness of calcium acetate,
comparative degumming was performed
(aqueous, aqueous in the presence of calcium
acetate and using a common in the industry
degumming agent - «Phospholisorb»). The
results are shown in table 2.

Table 2

The results of comparative degumming

Sample The amount Phosphorus-containing Moisture and volatile

of added substances mass fraction % in matter content, %
water, % terms of stearooleolecythin

Water degumming 1 0.210 0.28

With phospholisorb (0.02 %) 1 0.082 0.25

With calcium acetate (0.1 %) 1 0.035 0.14

With calcium acetate (0.01 %) 1 0.042 0.12

The results of study (Table 2) showed a interest. The recommendations and norms

significantly higher efficiency of using as the
degumming agent the aqueous solution of
calcium acetate, compared with other
degumming agents. It is important to note that
even if using 0.01% calcium acetate, the final
content of phospholipids in rafined oils is low -
0.042 %.

Also the use of the rational amount of water as
part of the degumming agent is of considerable

0,6
]

o o o
w b W

e
[

o
[

applied in manufacturing derived from scientific
researches are quite different(from 1to 2.5 % of
water for sunflower oil). Despite the fact that
water as the main degumming agent has
reasonable price, the cost of its evaporation at the
stage of drying the lecithin gum is significant.

The results of the studies of the effect of water
on the efficiency of degumming (the content of
phospholipidsin refined oil) are shown in Fig. 3.

—&— 1% water
2.5% water

0.5% water

o

Phosphorus-containing substances mass
fraction % in terms of stereooleocytin

=}
ul
=2
=

1000 1500 2000

Degumming time, s

Fig. 3. Kinetics of degumming ata concentration of calcium acetate 0.005% and 0.5; 1; 2.5% of water

Graphs of degumming Kinetics with 2.5 and
1 % of water are very similar, it can be concluded
that increasing the water content to more than
1 % under conditions of using calcium acetate

does notlead to a decrease in the final content of
phospholipids in refined oil. It should be noted
that this result is caused by the efficient mixing
of the oil-water phases. That 1is, during
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degumming, all phospholipids that can be
removed from the oil in contact with the water-
calcium acetate system, obtain this opportunity.
This degree of mixingis easy tobe createdin the
laboratory (due tothe small volume of samples),
however the conditions for mixing phases should
be carefully selected in manufacturing..

The research results (Fig. 3) show the
presence of an inflection point in the kinetic
curves of phospholipid removal during
degumming with a process duration of
approximately 8 min. That is, this duration
should be considered rational. However,
considering the goal of degumming as the most
complete removal of phospholipids, the duration
of degumming can be increased.

Parameters such as the amount of degumming
agents, the duration of the process, the
temperature are interrelated, soit was decided to
use experimental planning methods for further
research. The planning matrix of the complete
factorial experiment (CFE) of type 2k is given in
table. 3.

Factors that significantly affect the
effectiveness of degumming, according to
experiments, are the amount of degumming
agent, the amount of water and the duration of
degumming. Otherfactors - temperature, mixing
intensity were decided toremain unchanged (the
wishes  of sunflower o0il producers).

Table 3

Planning matrix of an experiment on the degumming of sunflower oil in the presence of calcium acetate

Ne Xo  Concentration of Duration of The amount of  The content of phospholipids in refined
calcium acetate, %, degumming, min. X2 water, % X3 oil, % in terms of stearooleolecythin
X1 (study repeated twice)

1 +1  +1 0.01 +1 30 +1 2.5 0.032 0.033

2 +1 +1 0.01 +1 30 -1 1 0.039 0.039

3 +1  +1 0.01 -1 10 +1 2.5 0.042 0.042

4 +1 -1 0.005 +1 30 +1 2.5 0.050 0.049

5 +1 -1 0.005 -1 10 +1 2.5 0.060 0.059

6 +1 -1 0.005 +1 30 -1 1 0.050 0.048

7 +1  +1 0.01 -1 10 -1 1 0.041 0.042

8 +1 -1 0.005 -1 10 -1 1 0.062 0.063

9 +1 0 0.0075 0 20 0 1.75 0.056 0.056

10 +1 0 0.0075 0 20 0 1.75 0.057 0.055

As a result of processing the data of the
factorial experiment according to [24], a
regression equation was obtained, which

describes the concentration of degumming
agents and the duration of degumming process
on the final content of phospholipids in the oil:

Y=0.0081875-X1+0.0044375-X2+0.0010625-X3-0.0014375-X1-X2+0.0004375-X1-X3 +
0.0004375-X1X>

The correlation coefficient of the equation R2 =
0.83.

From the obtained regression equation it
could be seen thatthe amount of calcium acetate
hasthe greatest effect on thelow final content of
phospholipids in the oil. The duration of
degumming (in the range of 10-30 min) has a
significantly smaller effect. The third factor of
variation is the amount of water (in the range of
1-2.5 %) which practically does not change the
final content of phospholipids in the oil
(corresponding to Fig. 1). Regarding the mutual
influence of factors: a simultaneous increase in
the amount of calcium acetate and the duration of
degumming shows the additivity of their total
effect (it is necessary to either increase the
concentration of calcium acetate, or the duration,
but not simultaneously). All other paired options

increase the effectiveness of degumming, butonly
slightly.

The following rational parameters of
degumming with calcium acetate can be
recommended: the amount of calcium acetate -
0.01 %; the duration of degumming - 10 minutes;
the amount of water - 1 %.

To prove the possibility of using a new
degumming agent, it is also necessary to
determine its effect on oil quality indicators. The
resultsare shownintable. 4.

The data in table 4 indicate the safety and
efficacy of calcium acetate asa degumming agent.
All quality indicators of rafined sunflower oil
meetthe requirements of regulatory documents.
A patent has been obtained for the method of
degumming using calciumacetate[25].
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Table 4
Quality indicators of sunflower oil before and after degumming

Indicator Quality indicators of Quality indicators of Quality indicators of sunflower oil
sunflower oil before sunflower oil after after degumming (1 % water,
degumming degumming (1 % water, 0.01 % calcium acetate, 10 min.)

10 min.)

cid, mg KOH /g 14 1.3 1.5

peroxide, mmol¥20/kg 3.5 3.6 3.2

Mass fraction of phosphorus- 0.54 0.21 0.04

containing substances % in terms

of stearooleolecythin

Moisture and volatile 0.15 0.28 0.12

matter content, %

Content of non-fatty impurities, 0.02 - -

%

Color, mg of iodine 16 15 14

Taste and odor Inherent sunflower oil without foreign odor, taste and bitterness

It is also necessary to investigate how the lecithin obtained after dryingthe lecithin gum are
presence of calcium acetate affects the quality of summarizedintable.5.
lecithin. The results of studies of sunflower

Table 5
Quality indicators of lecithin obtained by degumming in the presence of calcium acetate (calcium acetate
concentration is 0.01 %)

Indicator The obtained Requirements of SOU 15.4-37-

sunflower lecithin

212:2004 "Phosphatide
concentrates. Specifications

n

Acetone-insoluble matter, % 61.2 > 60
Moisture and volatile matter content, % 0.13 <1.0
acid in the oilisolated from phosphatide concentrate, mg

2.3 <35
KOH /g
peroxide in the oil isolated from phosphatide concentrate,

3.5 <10
mmolY¥ 0/kg
Ethyl ether-insoluble matter, % 0.6 <1.5
Viscosity at 25 °C, Pa-s 9 <12
Color, mg of iodine 6 <8

All quality indicators meet the requirements of
regulatory documents. However, the amount of
calcium acetate used for degumming and,
accordingly, consists in lecithin is not high
(0.01 %), it is not enough to effectively reduce the
viscosity of lecithin. Therefore, it is necessary to
investigate the change in the viscosity oflecithin
under the influence of higher concentrations of

calcium acetate.
13

12
11

10

Viscosity at 25°C, Pa-s

NN NN Er YN

Degumming of sunflower oil with 0.1-1.5 % of
calcium acetate (relative to the oil) was
performed. The separated lecithin gum was dried
to a moisture content of < 1 %. The results of the
change in the viscosity of the obtained lecithin
depending on the content of calcium acetate are
shown in Fig. 4. Since lecithin can increase
viscosity (be plasticized) during storage, the
viscosity was determined 14 days after drying.

5 4+—7T———————
0,4

=}
=]
3]

0,6 0,8 1

Amount of calcium acetate,%

Fig. 4. Impact of calcium acetate on the dynamic viscosity of sunflower lecithin
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As canbeseen in the Fig. 4, the concentration
of 0.2% calcium acetate is sufficient to
significantly reduce the viscosity to the values at
which lecithin does not form a plastic
consistency. A further decrease in viscosity with
increasing the content of calcium acetate also
occurs and becomes slower when the content of
Ca (CH3COO0): inlecithinis greater than 1 %.

Conclusion

A new degumming agent, calciumacetate, has
been proposed and investigated.Itis proved that
even at low concentrations (<0.01 %) it is
possible to obtain refined sunflower oil with a
phospholipid content of < 0.05%. A 93%
reduction in phospholipid content indicates the
effectiveness of the proposed degummingagent.

The rational parameters of degummingin the
presence of calcium acetate have been
established: the amount of calcium acetate is
0.01%; the duration of degumming is 10 minutes;
the amount of water is 1%. Limiting the water
content to 1% has a significant result in the
increasing of economic efficiency of the lecithin
stage (all water added during the degumming
stage remains in the lecithin gum; watermust be
evaporated to obtain the lecithin; reducing the
water content will save energy).

The qualitative indicators of oil and lecithin
obtained as a result of degumming with calcium
acetate were studied. All of them meet current
requirements.

Ithasbeen proven that calcium acetate added
during the degumming step is also an effective
agent for reducing the viscosity of lecithin.
Sunflower lecithin is not being plasticized during
storage, even if the amount of calcium acetate is
0.1 %. With 0.2 % of calcium acetate introduced
in the degummingstep, lecithinis obtained with
the viscosity of 8 Pa-s (at 25 °C).
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