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The process of release of free polyunsaturated fatty acids (PUFA) is of-
ten associated with issues of deterioration of the quality of oilseeds, oxida-
tion of products or spoilage. However, a number of industries use free
PUFAs as a target product in the complex processing of raw materials, the
release of glycerin, the enrichment of food with minor components, in
cosmetology and the synthesis of aromatic substances. Additional sources
of PUFA are contained in the waste of processing oil seeds, fish oils, algae,
etc. To isolate free PUFA from raw materials, enzymatic or hydrothermal
cleavage of lipids consisting of triacylglycerides (TAG) is used. The com-
plexity of the process of enzymatic cleavage of TAG lies in the interaction
between hydrophilic enzymes and a lipophilic substrate. The issue of hy-
drothermal cleavage is limited by the technical and technological condi-
tions of the process.

An innovative approach to obtaining PUFA can be the use of subcritical
water (SCW). Sufficient experience has been accumulated [1, p. 110] in the
use of SCW extraction to isolate the necessary components from plant
materials. The authors [2, p. 338] showed that the treatment of algae at a
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temperature of 50 ... 150°C with subcritical water with the addition of sol-
vents at a pressure of 10 MPa for 20 minutes led to an increase in the
amount of released lipids. The issue of changing the qualitative composi-
tion of lipids of isolated SCW and increasing the content of free PUFA in
the obtained lipid extracts has not been studied enough. Presumably, during
extraction with water in a subcritical state, the hydrolysis reactions of TAG
proceed in parallel with the extraction, and their qualitative composition
changes. Some researchers note that in the process of subcritical extraction
of lipids with organic solvents, mainly free PUFA are released [3, p. 186].
Some researchers believe that the components are not oxidized by SCW,
unlike ordinary water when boiling. This means that TAGs do not undergo
hydrolytic cleavage in the SCW medium, but respond to the properties of
SCW: a decrease in dielectric constant, viscosity, a change in polarity close
to organic solvents, etc. Therefore, the purpose of this work is to study the
process of hydrolysis of TAG and the isolation of PUFA from plant lipid-
containing raw materials in the SCW environment.

Chia and flax seeds were selected as a source of PUFA. A suspension
(4 g of seeds and 150 g of water) was prepared from them for the treatment
of SCW. The studies were carried out on a laboratory setup, the main blocks
of which are a high-pressure reactor RVD — 2-500 (NPO Orgsintez,
Ukraine), a magnetic stirrer with a heated platform RIVA — 04.3 (NPO
Orgsintez, Ukraine) and a high pressure compressor PCP ELECTRIC AIR
«(China) with a working pressure up to 300 atm. The system was kept in two
static modes: the first (150°C, duration 13-15 min), the second (120°C, dura-
tion 2-4 min) and a pressure of 11-15 MPa. In order to preliminary study the
process of hydrolytic decomposition of TAG of SCW plant raw materials, we
used model 3% solutions of sunflower oil in water. The presence of free
PUFA was determined by titration of the alcohol-ether mixture of the extract
with 0.01 n KOH solutions in the presence of phenolphthalein.

The treatment of model 3% solutions of sunflower oil with SCW for
13 min at a temperature of 150°C showed an increase in the amount of free
PUFA by 5-6.5 times compared to the control (not treated) oil sample.
Thus, free PUFAs were isolated from TAG of sunflower oil and represent-
ed mainly by oleic acid, since the test for the formation of Cq — Cy com-
pounds and specific GLV aroma with soy lipoxygenases was negative
[4, p. 633]. The test was carried out by mixing the test samples with aque-
ous extracts of soy lipoxygenase and sensory evaluation of the aroma. The
lipid fraction in the samples after SCW treatment organoleptically repre-
sented a thick, transparent yellowish film with a slight smell of heat-treated
oil, located both on the sample surface and in suspension in a liquid. These
indicators testified that the selected processing parameters lead to signifi-
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cant changes in the samples under study. The same conclusion was con-
firmed by the results of processing a suspension of chia seeds: there is a
significant thermal destruction of the seed coat and the coloring of the
extract in a rich brown color, which complicates the use of the classical
method for the determination of free PUFA. Therefore, the first static pro-
cessing mode was not used further in the experiments.

The suspension of chia and flax seeds was treated with SCW in the sec-
ond static mode; as a control sample, the suspension was kept in a thermo-
stat at a temperature of 100°C for 5 hours. Comparative characteristics of
the control and experimental samples showed a significant increase in the
amount of free PUFA in the extracts. For chia a seed, the increase in com-
parison with the control sample was 10 times, for flax seeds it was 7 times
(average values). Thus, the treatment of chia and flax seeds under the indi-
cated conditions made it possible to obtain a lipid fraction with an in-
creased content of free PUFAs. Since linoleic and linolenic acids predomi-
nate among the PUFAs of these seeds, test studies of their reactivity with
soybean lipoxygenases were carried out. The marker reaction of free
PUFAs with soybean lipoxygenases in the studied samples showed the
formation of C4 — Co compounds and a specific GLV aroma, which con-
firms the release of linoleic and linolenic acids from TAG seeds.

The efficiency of using the treatment of SCW of lipid-containing seeds
can be increased if conditions are created for the selective release of a cer-
tain free PUFA by selecting the thermal parameters characteristic of their
synthesis. According to Lavoisier’s law, the amount of thermal energy
spent on the formation of compounds should be equal to the amount of
energy spent on their splitting. Therefore, thermodynamic calculations of
the formation and splitting of TAG [5, p. 15] can show the difference in the
modes of selective cleavage of various PUFAs from glycerol and make it
possible to regulate this process. For example, in preliminary experiments
of flax suspension treatment under a static regime with a temperature of
110°C and a duration of 2 min, the amount of free PUFA increased by
7 times compared with the control, as in the treatment with the second
static regime. However, the test for the formation of Cs — Cy compounds
and specific GLV aroma showed that the intensity of aroma is less pro-
nounced. This can be explained by the predominance of linoleic acid in the
resulting mixture of free PUFAs.

Thus, the treatment of lipid-containing plant raw materials with SCW
leads to the breakdown of TAG and the release of free PUFA, the range of
static treatment of chia and flax seeds starts from 120°C, a pressure of
11 MPa and a duration of 4 min, a thermodynamic calculation of the
amount of energy spent on the formation of bonds between glycerol and
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PUFA will allow calculating the necessary parameters for the selective
release of free PUFA.
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[IponoHyeThCSI KOHCTPYKIIWHE PIilIEHHS U1 MPUCTPOIO, SKUH 3MOXKE
34UTYBaTH iH(OPMALIiI0 PO CEpPLEBHI PUTM JIIOJMHN — aBTOMAaTH4YHO (0e3
BTpYy4YaHHs JIOAUHM). J{aHi 3 IPUCTPOIO 3YMTYBATHMYThHCSI aBTOMATHYHO,
IICJIS YOTO B KIHIII JHSA — HAJCHIATUMYTHCS HA MOOLIIbHHUN TenedoH Biac-
HUKa. B KiHIll KO)XKHOTO THXXHS 1aHi COPTYBAaTUMYThCS 1 Oye miapaxoBaHO
cepe/iHE 3HAUCHHS ITyJIbCY KOPHUCTYBayva.
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OCHOBHUM 3aBJaHHSAM PO3YMHOI CHCTEMH BUMIDIOBaHHS Ta aHaIi3y
myasey [1, ¢. 55] € 3a0e3nedeHHs KOPUCTYBa1y MaKCHMAIEHO KOM(pOPTHUX
YMOB BHKOpPHCTaHHs, MiHiMi3alisl 4acy A OTPHMaHHS aHali3y IOKa3iB
MyJIbCY 3a MIEBHUH iHTEpBaJT Yacy, JOCTYIHICTh Y BUKOPHCTAHHI CHCTEMH B
Oynp sikuii wyac. /Iyl BUKOHAHHS OCHOBHOTO 3aBJIaHHS ITyJIbCOMETpa, Haii-
mepire MoTpiOHO PO3POOHTH CHCTEMY BHMIPIOBAHHS ITyJBCY JIIOJUHH 3
NIEBHUM IHTEpBaJIOM. Taka cHCTeMa JacTh MOKJIMBICTH aHaNi3yBaTH IaHi
MPO CTaH Tali€HTa B 3aJE€KHOCTI Bi/l BIUIMBY Pi3HWX YHHHHKIB: (paKTOpiB
nopu 1001; (i3NYHUX HaBaHTAXXEHb; ICUXOEMOLIHHUX (DaKTOPIB.

s mporo 3acTocoBaHo MOayib mynscy — Arduino Pulse sensor, sxuit
BOJIOZi€ 3MIHHHMM Jiala30HOM HaIllpyrd Ta CTPyMy >KUBIICHHS. Takox,
XapaKTepu3yeThCs KOMIAKTHUMH PO3MipaMy 1 3abe3rnedye MaKCHMallbHO
BEJIMKUI Jiara3oH poOo4oi obnacTi, 3aBIsKH JOBXHHI po0OOY0i XBHIIL.
KonTpons 3a BciMa mmpomecaMy, a TaKOXX aHali3 MIPOBEJCHUX JOCIIIKEHb
3niiicHIoe MikpokoHTposiep — Arduino Uno. [/lanuii MikpokoHTpojep 3a-
Oe3mneuye BUCOKY HaIiHICTh, TOYHICTB Ta SKICTh MPOAYKTY, MTOPYY 3 HEBE-
JMKUMU (IHAHCOBMMH 3aTpaTaMu. HacTynmHOIO CKJIaJOBOIO CTaB €KpaH, Ha
KW BHBOAWTHCS BCS HEOOXimHA iHpoOpMamis, a TakoX Tpadik 4acTOTH
BUMIpIoBaHHs mynbey [2 c. 160, 3 c. 4328]. [Hmow HeBia €MHOIO CKIIaa0-
BOIO CTaB 3BYKOBHiI Opay3ep, Ha ocHOBI Moayist Neoway M590 — mist co-
BilllEHHS TIPO MPUITMHEHHS BUMIPIOBaHHs, a00 HaraayBaHHs KOPUCTYBady,
PO HEOOXiTHICTh BUMIPATH 3HAYCHHS ITYJIbCY.

HaiiBaxxuBinmii eran po3po0KH MPUCTPOIO € HATIMCAHHS NPABUIBHOTO
MPOTPAMHOTO KOy, aJpKe BiH BKJIFOUAE 1HIIIAI3aIlif0 BCIX MPUCTPOIB TOe-
TaIHO, MiA0ip HAHONTHUMAJBHIIIOTO PEXUMY POOOTH, a TAKOX 3aIyCK pPoO-
0oTH BciX TpHUCTPOiB pa3oM. HamaromxeHwii MexaHi3M poOOTH TpH-
CTPOIO — IIPAaBWJILHO HAITMCAHUH MPOTPaMHMI KOJI MPOBOAMBCS B CEPEIO-
Buii Arduino IDE.
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Jlnsi HaBKOJIMIIHBOTO CEpPE/IOBMINA OJHA 3 OCHOBHHX 3arpo3 3 OOKy
CXOBHIIL BIIXO/IiB Byrjie30araueHHs € IiJIBUIIEHHS PiBHS IPYHTOBUX BOJ Ta
iX 3a0pyAHEHHS TEXHIYHOIO pianHOM0. HaWmepcnekTHBHIMINA Croco0iB
YCYHEHHS 1i€1 3arpO3d — 3HCBOHEHHS CXOBHII[ BiIXO/iB ByTJie30araueHHs;
€ BHC3JIKa BOJIOTOJIIOOHMX, IIBUJIKO3POCTAlOUMX DOCIMH Ha JaM0ax Ta
Oeperax, Ha JocTaTHIH rIHOMHI, 11100 KOpeHeBa cucrtemMa (yHKIIOHYBaja
SIK TYOKa 1 Hacoc, i JO3BOJIsIa BUAATSATH BOIY 3 IpyHTY. HaitOinem nomu-
PEeHO BHKOpHCTaHHS JepeB ciMelicTBa BepOOBHX: BepOa Oina, TOMOJNb pi3-
HOJICTHH, TOTIONIb YOPHHUH, JIOX By3bKONWCTHHA. Lli BHIU IepeB IIBHIKO
POCTYTb 1 YTBODIOIOTH IIarOHH, MalOTh PO3BHHEHY KOPEHEBY CHCTEMY,
J00pe PO3MHOXKYIOTHCSI BETE€TaTHBHUM LIISIXOM Ta HEBUOATJIMBI JI0 CKIIAIy
IPYHTY. KOXHE JepeBo 3a pik BumapoBye 50 — 90 M rpyHTOBOI BOIH, a
OJIHA JIPeHa Ha KOXKEH METp JOBKHHH TpHiiMae i BiBoauTh 54 — 62 m° [1].
B sKocTi TpaB’SHUX POCIMH BHKOPHCTOBYIOTH KOBTEIb IIOB3YyYHH, OKOTI-
HUK JIIKapChKUH, CONOAKY, YU ONMCKYUIHil.

BpaxoByroun yMOBH CTBOPEHHSI Ta EKCILTyaTallii CXOBHII BiIXO/IB repe-
PpOOKH MiHEpaIbHOI CHPOBHHH IIPH PO3POOII MaTEMaTHIHOI MOJIET MIPOLIECY
¢inpTpanii piAMHM 31 CXOBMINA NPH HASBHOCTI OIOTEXHOI'CHHOTO HABAaHTa-
JKEHHsI HABKPYTH IEPUMETPY NPUIMEMO HACTYIIHI MPUIYLICHHS: PiAMHA, 110
(GITBTpYeThCS i3 CXOBHINA, € EUTBHOI0 Ta HECTHCIMBOIO [2—5]; mporec
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