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acid value, flax, Flaxseed consumption has been prioritized by health-conscious people all over the world. Its consumption raises interest to it
cake outlet size, both from a personal and an industrial prospect due to its remarkable fatty acids profile. Besides its high content of unsaturated
optimization, peroxide fatty acids, flaxseed oil is known for its low omega 6/omega 3 ratio, which may possess health improving properties because this
value, screw press oil is precursor of anti-inflammatory molecules. However, the high amount of polyunsaturated fatty acids in flaxseed oil causes

its high sensitivity to high temperatures, to light and to oxygen, which may lead to its oxidation and quality degradation. Screw
pressing can produce high quality oil but in lesser volume, which could be disadvantage. Therefore, the extraction process must be
optimized for maximizing oil recovery, while maintaining oxidation indicators within limits specified by regulations, as well as a
potentially health beneficial fatty acid profile. Optimization of screw press parameters for pressing out the flaxseed oil were inves-
tigated by Response Surface Methodology. Both size of the cake outlet and the speed of the screw pressing were optimized, and the
values that provided the highest experimental oil recovery, 41.4%, were of 1 mm and 155.89 rpm respectively. Although the overall
trend in oil extraction showed a rising oil recovery when screw speeds increased from 98.73 up to 213.05 rpm, certain fluctuations
were observed in oil extraction with varying outlet cake sizes. However, there was an inversely-proportional function between the
oil recovery and the size of the cake outlet, therefore, screw speed provided a minor, non-significant effect while the size of the
cake outlet proved to have a strong effect on oil recovery. The highest acid value and peroxide value accounted to 0.71 mg KOH/g
and to 7.71 meqg/kg respectively. Sediment content (SC) of screw pressed flax oil ranged between 9.12~14%. During the oil extrac-
tion at the maximum yield, temperature increased, however the ratio of omega 6 to omega 3 in the obtained oil still remained low.
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Kuciomdoe uucno, HOTpeG}'IeHI/Ie JIbHSIHOT'O CEMEHMN SIBJISI€TCSI ITPUMOPUTETHDBIM OJIsT n}o,ueﬂ, 3360T9[].LU/IXCH 0 CBOEM 300POBbE, KaK C HMHHOﬁ, TaK " CIIPO-
J'léH, pasmep Hmolxa U3BOACTBEHHOV TOYKM 3peHus, 0COOEHHO 13-3a 3aMedaTebHOro JKVIDHO-KMCJIOTHOT'O COCTaBa. TToMuMO GOJBIIIOTO KOIMYECTBa
Ha 8le00€, HEHAaChIIIEHHbIX JKMPHbIX KUCJIOT, IbHAHOE MaC/I0O MU3BECTHO HM3KMM COOTHOLIEHMEM OoMera 6/omera 3, KOTOpOe nmeeT CBOﬁCTBa,
onmumusayus, ynyuuiarliee 340pOBbe Ye/I0OBEKa, IIOCKOJIbKY 06}1a,11aeT IIPOTUBOBOCITA/INTE/IbHBIM Bo3gelicTBreM. OmHaKo 60JIBIIIOE KOJIMYECTBO
nepexkucHoe ducino, TIOJIMHEHACBIIIEHHBIX JKMPHBIX KUCIOT B JIbHAHOM Macjie MMPUBOOUT K €ro BBICOKOIA YYBCTBUTEIbHOCTU K BbICOKMM TeMIIepaTypam,
BUHMOB0T npecc CBEeTY U KMCJIOPpOAY, UTO MOXKET ITPUBECTU K OKMUICHUIO Y CHVDKEHMIO KaueCTBa Madiia. [IHeKOBBIM IIpeccoM MOXKHO ITPOU3BOAUTD

MacJIo BBICOKOTO KayeCTBa, XOTSI ¥ B MeHbIIIeM KOJIMYeCTBe, UTO SIB/ISIeTCS ero HefocTaTkoM. ClieoBaTeIbHO, IPOLIeCC SKCTPaKIMN
JIOJDKEH ObITh ONTMMM3MPOBAH /ISl MAKCMMaIbHOTO M3BJIeUeHMsl Macia IIPY COXpaHeHMM ToKasaTeneil OKMCIeHMs B IIpefieiax,
YCTQHOBJIEHHBIX HOPMATMBHBIMM aKTaMM, a TaKKe IMOTeHLMaIbHO I0/Ie3HOr0 IS 340poBbsl. ONTUMM3ALMIO ITPpoLiecca Ipecco-
BaHMs [/ MOMTy4YeHNs] TIbHSHOTO Mac/a MCClefloBaly MeTOLOM TOBEPXHOCTY OTK/IMKA. PasMep >KMbIxa Ha BbIXOE U CKOPOCTb
IITHEKOBOTO ITpecca 6bUIV ONTVIMM3MPOBAHBL, 8 3HAUeHNsI IIapaMeTPOB PeCccOBaHYIsl, KOTOPbIE A MaKCYMaIbHOE KCIIepUMeH-
TajbHOe M3BjIeueHne macia 41,4%, cocraBin 1 Mmm 1 155,89 06/MIH COOTBETCTBEHHO. XOTsI 0011ias TeHIEHIINSI M3B/IeUeHsT Macia
YBeIMUMBAJIACH TTPU YBEJIMYEHUY CKOPOCTHM BpalleHus miHeka ¢ 98,73 no 213,05 06/MuH, py U3BJAeYEHNM Macia HaG/I0maInCh
KosIe6aHMs PV Pa3IMYHbIX pa3Mepax KMbIxa Ha Bbixozie. OqHaKko 06GHapykeHa 06paTHO MPOIOPLMOHATbHAS 3aBYCYUMOCTb MEXKIY
M3BJIEYeHMEM Maciia M pa3MepOM SKMbIXa Ha BIXOJIEe, TI03TOMY CKOPOCTb IIHEKa OKa3bIBaeT He3HAUMTEeIbHOE BIVSIHME Ha BbIXO],
macia. MakcuMMasibHOe KMCTOTHOE YMCIIO U IiepoKeuHoe uncio coctaBuan 0,71 mr KOH/r u 7,71 M3aKB/KT cOOTBeTCTBEHHO. Conep-
skaHue ocagka (SC) B IbHSIHOM Macjie ITHEKOBOTO OTXKMMa Konebsetcs ot 9,12 no 14%. IIpu 9KCTparnpoBaHMM ¢ MaKCUMalIbHBIM
BBIXOZIOM TeMIlepaTypa MOBbIIIaIach, OHAKO COOTHOIIeHe OMera 6 K OMera 3 IOITy4eHHOTO Mac/la OCTaBalIoCh HA3KMM.

BJIATOOAPHOCTD: ABTOpBI BhIpaskatoT 61aroJapHOCTh 3a TOAJEPIKKY JJabopaTOpHOi 6a3bl HCTUTYTa 6GMOOPraHMYeCKOi XMMUY AKaJeMuu HayK
V36ekucrana 1 TalIKeHTCKOTO TOCYIapCTBEHHOTO TEXHMUECKOro YHuBepcuTeTa umenu Menama Kaprmosa.
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1. Introduction

Flax (Linum usitatissimum L.) is one of the most important oilseed
crops in the world. It contains lipids, lignans, proteins, fiber, other car-
bohydrates and micronutrients. Due to its health beneficial components
and subsequent nutraceutical potential, the flaxseed oil became a point
of interest for healthy food production and pharmaceutical industries
throughout the world [1, 2].

Flaxseed oil has been considered as a health supportive food which is
a rich source of polyunsaturated fatty acids and other bioactive compo-
nents [1,2,3]. The most important feature of this crop is its uniquely and
comparatively high content of omega-3 fatty acid (a-linoleic acid), which
comprises over the half of the amount of its fatty acids [2]. Flaxseed is
composed of about 40% of oil, where the specific profile is as follows:
a-linoleic acid (ALA) (~53%), oleic acid (~19%), linoleic acid (~17%), pal-
mitic acid (~5%), and stearic acid (~3%). It is necessary to note its favour-
able omega 6/omega 3 fatty acids ratio (0.3:1) in the flaxseed oil [3,4].
Besides, it also contains antioxidants and phytosterols, which may also
boost up a human health [3,5]. It is worth noting, that flaxseed has been
reported as a dietary source of lignans [5,6].

However, the high amount of polyunsaturated fatty acids in flaxseed
oil leads to its high sensitivity to high temperatures, to light and to
oxygen, which may lead to oxidation and oil quality degradation [3,5,7].
Quality degradation may take its origin during the period of growing,
harvesting, processing, and/or storage of flax crops, flaxseed, and oil
production. Oil degradation may occur both through oxidation and
through thermal degradation [3]. It has been reported that oxidative
and thermal degradation may be accelerated by the presence of metals
such as iron or copper [8,9]. Thermal degradation may be impeded by
antioxidants, either the additives like BHA, BHT or TBHQ; or the natu-
ral compounds such as polyphenols, especially lignans, which also act
as metal chelators, thus providing steric hindrance in the interaction
between metals and food components [8].

Pressing is a preferable technique for oil production due to its several
advantages: low energy consumption, low cost, and absence of poten-
tially harmful organic solvents; besides, it is also known for the higher
quality in the extracted oil [4,10,11]. However, its main disadvantage is
a low oil recovery, thus leaving the high share of oil in the remaining
cake. Nevertheless, the volume of the obtained oil also depends on pro-
cess variables, therefore, by adjusting the variable parameters a higher oil
recovery may be obtained[10,11].

Quality and quantity of the flaxseed oil depend on pretreatment,
processing, and conditions of seeds storage. There have been defined
several influencing factors such as dehulling, seed conditioning,
steam-treating, enzyme-treating, roasting, hot pressing, dry extru-
sion, speed of screw pressing and the size of the cake outlet, among
the other factors [3,4,11,12]. Although those above-mentioned factors
may favorably impact on the quantity of the extracted oil, in some
cases quality of the oil may degrade, especially due to an increase in
oxidation and thermal degradation of the oil. In any case, pressing
technology is preferable for either producing the functional oil (FO),
or somewhere in rural places where several species of oleaginous
crops are grown, thus the lower yields from one crop may be accept-
able [11,12,13,14].

There may be several influencing factors regarding process variables
and oil extraction parameters during the various stages of the seed pro-
cessing (on the laboratory and pilot plant) [14,15]. Therefore, in this
study our goal is the optimization of process variables regarding the im-
pact of screw pressing parameters on flaxseed oil production in a pilot
plant. The goal was to optimize studies of screw speed and the size of
the cake outlet based on Response Surface Methodology (RSM), which
outperforms the classical methods. RSM is an effective mathematical and
statistical technique for optimization. RSM applying can determine the
effect of process parameters on technological response and interaction
(function) between them [16].

2. Objects and methods

Flax (Linum usitatissimum) was brought from Surkhondaryo region,
Uzbekistan. The initial and final oil content of the flax and cake, and the
moisture content of flax were determined by the formula according to
GOST 10857-64"', GOST 10856—96>. Moisture content of the oil was cal-
culated by the formula below:

! GOST 10857-64. “0Oil seeds. Methods for determination of oil content.”.
Moscow: Standartinform, 2010. — 6 p. (In Russian)

2 GOST 10856-96. “0Oil seeds. Methods for determination of moisture
content”. Moscow: Standartinform, 2019. — 4 p. (In Russian)

M,(W,~ W)

x=—> 7 1
100-W, .

where:
x is the mass of water to be added;
M, is the initial mass of the sample;
W, is the initial moisture content of the sample in% w. b.;
W,is the final moisture content in% w. b.

Moisture content of flax samples was equal to 8.91%.

2.1. Parameters for screw pressing flax seeds

The experiments were run on a Pilot plant screw press by the same
methods as were used in our previous studies [17,18,19] (screw press is
described below in the Figure 1), normally used for extracting oil from
sunflower, soybean, and flax. It is powered by a 16 kW electric motor, with
a capacity of 15-75 kg/h. The residual oil in the cake accounts for 9-12%.
Internal diameter of the screw shaft is 140+4 mm, and the distance be-
tween oil outlet holes is 0.12+0.02 mm. The size of press cake discharg-
ing hole can be adjusted from 10.3 to 26.3 mm.

oil

Figure 1. Pilot plant screw press. (I)-feed hopper, (II)-screw,
(II)- press cylinder, (IV)-outlet holes, (V)-cake outlet
Pucynok 1. OnibITHasi IIHEKOBas npecc-ycraHoBKa (I)-3arpysouHas
BOpOHKa, (II)-mHek, (III)- npecc-umanuap, (IV)- orBepcTus a1 BbIxoga
Macia, (V)-BBIXOJHO€e OTBepCTHe AJISl JKMbIXa

Experiments were run at a room temperature of 40+ 2 °C. Before pro-
cessing, one kilogram of seed was used to condition the temperature of
the equipment cylinder. Experiments were run sequentially by several
experimental trials. Several variable parameters were set for each screw
pressing. The temperature of the oil was measured by from a close-
range distance digital thermometer WT-1 (Elitech, USA). However, the
distance from oil dripping point to the collecting surface and an effect
of the wind on the measurements were not taken into calculations.
Process time was considered as the period from the beginning of the
process until the cease of oil flow from the press outlet, which period
varied from 15 to 25 min. Both oil and its residues (small oil particles)
were collected into a glass container, every experimental trial was run
in duplicate. The speed of the screw spinning in the screw-mill was pro-
grammed with the help of the inverter CHNT: Nyf2g-7.5/Ts4 Inverter
(Czech Republic) [20], while the speed of the screw spinning and the
size of the cake outlet were adjusted in accordance with the terms of the
experiment, refer to the Table 1). In this study the seeds feeding rate
was kept steady and constant.

2.2. Sediments content in the oil

An aliquot of oil was weighed. Sediment particles were isolated from
the oil via centrifugation at 1,200 rpm for 30 min (Centrifuge: Tslmn-
P10-01-Elekon, Russia), and the supernatant was removed. The pellet
was then washed in chloroform, followed by vacuum filtration. Sediment
was then dried and weighed at an analytical balance. The sediment con-
tent of the oil was determined by calculating the ratio between the weight
of the sediment, and the weight of the whole oil.
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2.3. Oil recovery calculation
Oil Recovery (OR) is defined as the ratio of oil weight in the meal to
the oil weight in the original seed that was pressed, calculated as follows:
weight of the meal x 0il content in the meal

OR(%)=(1- )% 100% (2)

weight of the raw material x oil content in the raw material

2.4. Characteristics of oil quality

The peroxide value and acid value were determined as quality charac-
teristics of the oil. Although there are no specific regulations for evaluat-
ing the quality parameters of flaxseed oil in the food industry, the stan-
dards for the virgin oils and cold-pressed fats and oils, set by the Codex
Alimentarius Commission (1999) [21], were used to evaluate the oil qual-
ity parameters. The peroxide and acid values of the oil samples were de-
termined according to GOST ISO 27107-2016° and GOST 31933-2012.
All scheduled experiments were duplicated.

2.5. Response surface methodology

Response Surface Methodology (RSM) is a collection of statistical
and mathematical techniques useful for the modeling and analysis of
the problems, where performance response is influenced by several
variable parameters. It is a powerful optimization tool that has been
widely used in research and industrial sectors. The main goal of RSM
is to optimize the response that is affected by various process param-
eters; the concept of Response Surface Methodology was introduced by
George E. P. Box and K. B. Wilson in 1951 [22]. The methodology is based
on the matching of a polynomial equation to the experimental data,
which must be relevantly selected to represent adequately the behavior
of the system. The equation is used to estimate the obtained response
and optimize the process. The RSM process involves three primary
steps: running the experiment, estimation of the coefficients in a math-
ematical model, predicting the response and checking the adequacy of
the calculated model. RSM is particularly useful when the experimenter
is not completely sure of what form the underlying function takes. It
provides a means of navigating through the design space using a se-
quence of designed experiments. These experiments are used to fit a
model, predict the response, and determine the settings of the factors
that optimize the response. RSM is used to optimize the process pa-
rameters to achieve maximum efficiency. In the food industry, RSM is
used to optimize the recipe for a new product to achieve the best taste
and texture. There are several advantages of RSM application. It helps
in the development, improvement and optimization of systems; and it
reduces the number of experimental trials needed, thus saving time and
resources. Furthermore, it helps visualizing the relations between the
response and the independent variables [23]. In this study, RSM, used by
Minitab 19 software, was used for optimizing the flaxseed screw press-
ing variables. Minitab is the software used for data processing, statisti-
cal analyses and improvement of workflow processes. It is extensively
applied in industries, manufacturing, education and research purposes.
Minitab is equipped with tools for performing statistical analysis in-
volving hypothesis testing, regression analysis, ANOVA, and optimiza-
tion studies [24]. An experimental plan was developed using CCD. Five
levels and two factors were used for the following process parameters:
screw auger speed (A), and the size of the cake outlet (B). Multiple re-
gression analyses were used to obtain a second-order polynomial equa-
tion to predict the rate of screw-pressed flaxseed oil recovery. The gen-
eral second-order polynomial equation is described below:
Y=By+ BB X+ ZB X+ X TR X X e 3)
where:

Yis response;

B, — intercept coefficient;

B3, — linear constant coefficient;

B, — quadratic constant coefficient;

B, — interaction constant coefficient;

X;and X, — uncoded process variables;

K — number of the variables;

¢ — random error.

The two independent parameters were: A — screw auger speed; B —
the size of the cake (meal) outlet. The coded five levels of factors were
-1.41,—1,0,+1 and +1.414 (Table 1). Response (Y) was evaluated as OR%.

3 GOST ISO 27107-2016. “Animal and vegetable fats and oils. Determina-
tion of peroxide value by potentiometric end-point method”. Moscow: Stand-
artinform, 2016-10 p. (In Russian)

4 GOST 31933-2012. “Vegetable oils. Methods for determination of acid
value”. Moscow: Standartinform, 2019. — 10 p. (In Russian)

Table 1. Levels and factors of flaxseed oil screw pressing experiments

Ta6uua 1. YpoBHM U GaKTOPHI B IKCIEPUMEHTAX 10 IIHEKOBOMY
MPeCcCOBaHMIO JIbHAHOIO Macjia

Factors Coding

-1.414 -1 0 +1  +1.414
Screw speed (rpm) A 98.73 135.11 155.89 176.68 213.05
Sizes of outlet cake (mm) B 1 1.25 1.5 1.75 2

An experimental design was implemented including 13 treatments
(4 cube points, 5 central points, and 4 axial points) for pilot-plant screw
pressing. The 13 numbers of results of the experiments were used to cre-
ate a regression mode (Table 2). Described factors, levels, and responses
for oil recovery percentage (OR %), sediment content (SC %), acid value
(mg KOH/g), peroxide value (meg/kg) and temperature (°C) of the flax-
seed oil are listed below in the Table 2, as well as correspondences to the
independent variables (both coded and uncoded).

Table 2. Central composite design of flaxseed oil pressing experiments
Ta6muua 2. lleHTpaabHbIi KOMIIO3UTHBI METOS, 4151 IIOTyYeHMs
JIBHSTHOT'O Macja C IIOMOIIBIO ITPpeCCOBaHUSA

Coded Uncoded Quality and quantity properties of the oil
®
] g :%3 % £
Ne A B A B ~ £ S0 <& g
® =2 g N BEg &
¥ fx o T¥ 55 =0
o [} 7] E as oL
1 0 0 155.89 1.5 383 3756 11.32 0.71 5.13 37.6
2 0 0 155.89 1.5 386 37.56 12.45 0.35 5.64 57.6
3 -1414 0 98.73 1.5 347 3431 13.16 0.625 4.53 85.7
4 0 -1414 15589 1 414 4053 14 054 4.74 102
5 -1 1 135.11 1.75 26.14 279 9.12 0.48 4.43 46.7
6 0 1414 155.89 2 14.88 139 10.1 043 771 59
7 0 0 155.89 1.5 38.7 3756 12.14 0.455 4.56 70.8
8 1414 0 213.05 1.5 33.8 3321 1049 045 426 91
9 0 0 155.89 1.5 384 3756 114 0.39 4.14 69.6
10 1 1 176.68 1.75 25.7 27.73 10.77 0.385 4.92 67
11 1 -1 176.68 1.25 389 40.82 12.36 0.395 5.5 89.9
12 -1 -1 13511 1.25 39.8 41.45 12.74 0.395 4.05 99
13 0 0 155.89 1.5 38.39 3756 9.7 0.395 4.56 87

2.6. Evaluation of the model congruence
Using ANOVA, the quality of the model’s fitness can be evaluated. The
coefficient of determination R? defines how well the model fits the ex-
perimental data.
The regression equation of the oil recovery is described below (4):
Y=-37.2+0,320A+94.1B-0.001165A x A-41.39BxB+0.022AxB (4)

where Y represents oil recovery and A and B represent screw auger speed and
the size of the cake outlet, respectively.

Table 3 shows the ANOVA analysis of the predicted model for the screw
pressing of flaxseed oil. The effect of the process parameters was evaluated
by their significance (p<0.05) with a R? of 97.16 and adjusted R? of 95.12.

Table 3. Analysis of variance of results of flaxseed oil obtained
by pilot plant screw press
Ta6muua 3. JycrepCMOHHBIN aHAIN3 Pe3yJIbTaTOB IOTyYeHVs TIbHSIHOTO
Macdia ¢ IOMOIIbIO OIIBITHOM YCTaHOBKM IITHEKOBOTO IIpecca

Source DF Adj SS AdjMS F-Value p-Value
Model 5 686.935 137.387 47.81 0.000
Linear 2 41.032 20.516 7.14 0.020
A 1 3.765 3.765 1.31 0.290
B 1 27.067 27.067 9.42 0.018
Square 2 154.119 77.060 26.82 0.001
A*A 1 20.950 20.950 7.29 0.031
B*B 1 152.994  152.994 53.25 0.000
2-way interaction 1 0.053 0.053 0.02 0.896
A*B 1 0.053 0.053 0.02 0.896
Error 7 20.113 2.873
Inconsistency 3 20.004 6.668 243.18 0.000
Pure Error 4 0.110 0.027
Total 12 707.048
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2.7. Volatile acids profile / analysis of the fatty acid composition of the oil

Further analysis was executed by Gas Chromatography — Mass Spec-
trometry (GC-MS) on the selected samples of flaxseed oil. The specific col-
umn in the Table 2 proves that this amount of the oil pressed in the mode
No. 4 was obtained at the highest extraction temperature and with the
highest MO. Besides, flaxseed oil extracted by supercritical fluid extraction
method, as described in [25], was also analyzed for its comparison.

Previous to their analysis by GC-MS, oil samples were derivatized, and
fatty acid methyl esters (FAMEs) were prepared: 0.1 g of the oil sample was
used under nitrogen shield; 1 ml of toluol, and 1 ml of BF3-MeOH reagent
were added into the flask. The solution was heated in water bath and main-
tained at 60 °C for 10 min; then it was cooled down to the room tempera-
ture. Double distilled (1 ml) water was added to the resulting solution and
mixed for 5 minutes. The injection volume of the sample was 0.1pul.

Conditions for GC-MS analyses were as follows: The fatty acid compo-
sition / volatile acids profile of oil samples was determined by the device
Agilent Technology (USA) GC 7890B/ MS7000D, equipped with a DB-FAT-
WAX UI capillary column (30 m x 0.25 mm i. d., 0.25 pm film thickness).
Helium was used as the carrier gas. The temperature program of the col-
umn oven started at 170 °C was hold during 2 min, and then it was raised
at a rate of 4°C /min to 280°C and was kept at this level for 5 min. The
temperatures of the detector and the injector were both of 280°C. The
detected compounds were identified by their comparison with WILEY275
Mass Spectral Database library.

3. Results and discussion
3.1. Effects of process variables on oil recovery

Significant effects were observed on the oil recovery (as shown in the
Table 3) in the following sources: the size of the cake outlet provided the
linear effect (also displayed below in the Figure 1) with (p<0.05).

Experiments with high rotational speeds were run by the author [26].
Researcher [26] studied the effect of the temperature inside the cylinder
for the seeds of Jatropha curcas L.

Generally, pressure increases along the cylinder toward the outlet in-
side of the screw press. The highest temperature is registered in the com-
pression zone and close to the cake outlet. Outlet size of the press impacts
on oil recovery as well as in productivity. If the outlet size decreases, it
affects the flow of the seeds inside the cylinder; as a result, pressure and
temperature rise up, oil recovery improves, and oil content in the cake de-
creases. On the contrary — if the size of the cake outlet is expanded, it may
decrease the pressure in the cylinder, and reduce the rate of the oil recov-
ery. Therefore, the outlet size is one of the variables that we have studied.

Screw speed is another process parameter that may affect oil quality
and quantity. An increase of screw speed may reduce the oil amount; this
is explained by the shorter time of pressing and shorter friction, as well
as by viscosity of the phase.

At slow screw speeds oil recovery increases but temperature of the oil
and cake rises too due to the longer pressure effect between the screw and
the inner surface of the cylinder plus friction among seeds. Therefore, we
have chosen the aforementioned variables of the mechanical screw press
machine for their optimization [27].

OR
(%)

We selected a higher screw speed based on the assumption that the
shorter pressing and shorter friction time would result in lower tempera-
tures in the cylinder, thus leading to less oxidation and thermal effects
on the oil, especially considering that flaxseed oil contains high levels of
polyunsaturated fatty acids. Besides, it would prevent clogging within the
pressing chamber. Our aim was the optimization of higher screw speeds
along with the various sizes of the cake outlet, considering that the [21]
did not impose any limitations on the quality characteristics of oil at the
lower screw speeds or the higher process temperatures.

The Table 2 shows the experimental and predicted responses of the
screw pressing of flaxseed oil under the considered conditions. Accord-
ing to experimental results, the highest oil recovery was 41.4% at a screw
speed of 155.89 rpm (A), and at the size of the cake outlet of 1 mm (B)
(Table 2 No. 4). Prediction model suggested different values on both A
and B values (135.11 rpm and 1.25 mm respectively) (Table 2 No.12), what
would have yielded a 41.45% oil recovery in the trial run No. 12 (where,
under experimental conditions, OR% accounted to 39.8%).

Although the overall trend in oil recovery showed a rising yield behav-
ior when screw speeds increased from 98.73 up to 213.05 rpm, fluctua-
tions were observed in the oil recovery with varying the size of the cake
outlet. However, it’s interesting that no significant effects of the screw
speeds on the oil recovery were observed (Table 3). However, there was
an inversely-proportional correlation between the oil recovery and the
size of the cake outlet. This may be due to the linear significant effect of
the size of the cake outlet on the oil recovery (p<0.05) (Table 3), caused
by changes in friction forces; probably due to the pressure increase in the
third zone of the cylinder, which is the closest to the cake outlet. In sum-
mary, screw speed provided a minor effect while outlet cake size provided
a strong effect on the oil recovery (Figure 2 (a) and (b)). This could be
due to the moisture content of the seed which may affect the interaction
between friction force and rate of sliding of the seed material inside of the
cylinder at the tested screw rotation speeds. These results are consistent
with the previous reports of a similar study to optimize the sesame seed
oil extraction by screw-pressing [28]. Therefore, the practical meaning of
RSM findings (Figure 1) is that despite preserving the other conditions of
the process, the changes in the screw pressing parameters during extrac-
tion may give the optimal percentages of the oil recovery. As shown in the
Table 2, the oil recovery rate was the highest in the trial run No. 4, and
the lowest one was observed in the trial run No. 6 (14.88%). It is worth
mentioning that during the experiment, two jammings occurred (in the
run No. 4 and No. 12), which could have been caused by the higher tem-
peratures during the process.

The aim of this study was to maximize the OR% by adjusting condi-
tions at the flax screw press operation. Other studies have reported the
higher recoveries of the oil after the optimization of conditions for screw
pressing of the vegetable materials. At their study, Marcela et al obtained
71.1£2.8% OR in sesame seed, after adjusting screw press speed, the size
of the cake outlet and moisture content [29]. For obtaining green juice
from cassava at a recovery percentage of 81%, Latif et al found the opti-
mal conditions at 18 rpm screw speed, and outlet diameter of 4 mm [15].
However, those studies were performed on different vegetable materials,
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Figure 2. Effects of the screw speed and the size of the cake outlet on flaxseed oil recovery at the pilot screw pressing plant
(surface (a) and contour plot (b))
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as well as at pilot-scale equipment with high screw speeds, thus, results
may not be easily transferred to the flaxseed oil obtained from flaxseed
meal. According to the model, for our study, the optimal predicted condi-
tions are as follows: the screw speed is 148.38 rpm, and the size of the
cake outlet is 1.17 mm (with a predicted oil recovery of 41.91%).

3.2. Oil quality and characteristics

PV (peroxide value) and AV (acid value) are commonly used as the
quality indicators of the vegetable oils. Hydroperoxides are primary oil
oxidation products formed during the initial stages of oxidation and they
are toxic to human health, whereas AV measures the amount of secondary
oxidation products which contribute to unpleasant flavors and odors in
oil. PV and AV should be within specific limits to ensure that oil quality is
good enough for its safety consumption [21]. After changing the different
variables in the experiment, the average temperature of the oil changed
as well (Table 2); however, although indicators of oil quality such as AV
and PV did show significant differences among the various runs, specified
in the Table 2, they still remained within the limits specified at the [21].

Sediments content (SC) of oil, one more important factor which may
be considered in oil consumption, varied from 9.12 to 14%. The highest
value, in the run No. 4, may have been related to the higher internal fric-
tion force caused by a smaller size of the cake outlet; thus, the number of
fine particles within the oil may have increased.

Omega-6 and omega-3 fatty acids are both essential for human health;
however, their intake should be balanced. According to several studies,
the proper omega 6/omega 3 ratio should vary between 1:1 and 4:1, as it
was in the diet of our ancestors in the pre-industrial period (paleodiet).
However, the current modern diet contains an extremely high amount of
omega-6, where omega 6/omega 3 ratio may reach 20:1 or more. This is
explained by the high consumption of red meat, vegetable oil, and highly
processed food which contains omega-6 in very high quantities, plus a lack
in the consumption of omega-3 rich foods such as fish. An imbalance in
the intake ratio of omega 6/omega 3 can cause negative consequences for
health, as omega-6 fatty acids are the precursors of inflammatory mol-
ecules, while omega-3 are the precursors of anti-inflammatory molecules.
As a consequence of this unbalanced ratio, the risk of cardiovascular dis-
ease, diabetes, arthritis, Alzheimer’s, and some types of cancer, has in-
creased. Therefore, it is favorable to have a low ratio in our diet, as it may
help reduce inflammation and cure some chronic diseases [30]. Flaxseed
oil is known for its low omega 6/omega 3 ratio, thus a potential functional
food with health improving properties [3,4,31]. However, the high amount
of unsaturated fatty acids may make it sensitive to oxidation and inclined
to degradation [3]; therefore, the effect of temperature during the extrac-
tion on the omega-6 and omega-3 fatty acids on flaxseed oil obtained by
screw pressing was evaluated by analyzing the fatty acid profile of oil ob-
tained from the run No. 4, where temperature reaches its maximum.

While typically the temperature of oil extracted by cold pressing and
screw pressing should not exceed 50°C and 70 °C, respectively [10]; the
oil, obtained from the run No. 4 reached a high temperature of 102 °C.
However, its fatty acid profile, as determined by GC-MS and compared to
the oil extracted by supercritical fluid extraction (SFE) at 50 °C, 30 MPa,
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showed that in both cases, polyunsaturated fatty acids (PUFA) are the
most abundant acids, followed by saturated fatty acids (SFA), and finally
the list of acids is closed with the monounsaturated fatty acids (MUFA);
plus, ALA as the most abundant individual fatty acid, with a percentage of
over 60% in both cases. When compared to the fatty acid profile obtained
by cold pressing of flaxseed [4], the results are similar as well, regarding
ALA as the most abundant individual oil, and PUFA as the most abundant
type of oil in general (Table 4). However, in this last case, it is not pos-
sible to compare these profiles, because the source of flaxseed used for oil
extraction was different.

Table 4. Fatty acid profile
(in area percentage of total chromatogram). * refers to [4]

Ta6muua 4. [Ipodnab > KUPHBIX KUCTOT
(B mpOLeHTaX IVIOIAAM OT 00LIeli XpoMaTorpamMmmsi) “[4]

Fatty acid e xtlgoclt(iion* Run No. 4 SFE
Palmitic 6.95 8.17 8.92
Linoleic 15.2 9.56 8.45

Linolenic 52.58 63.64 68.83

Oleic 19.98 10.89 8.57
Stearic 5.2 7.44 4.56
Behenic acid 0.07 0.3 0.05
Arachidic 0.02 0 0.62
SFA 12.24 15.91 14.15
MUFA 19.98 10.89 8.57
PUFA 67.78 73.2 77.28
omega 6/omega 3 0.28 0.15021999 0.12276624

Although the effect of temperature on the fatty acid profile in all cases
should be studied, we can still conclude that the high temperature of oil
at the outlet did not affect the major quality parameters of oil in the run
No. 4 regarding both parameters of food quality as it was defined in the
Codex Alimentartius (AV and PV) [21], or the fatty acid profile, specifically
related to the ratio of omega 6 to omega 3.

4. Conclusions

RSM was applied to optimize the parameters of flaxseed oil screw
pressing. The optimal experimental and mathematically predicted
values of screw speed and the size of the cake outlet were defined as
155.89 rpm, 1 mm and 148.38 rpm, 1.17 mm respectively. Sediments
content in the obtained oil was relatively high. The oil quality param-
eters were changed by the modifying of the process variables, although
they remained within the specifications defined by the Codex Alimenta-
rius; while the fatty acid profile related to potential health benefits on
its omega-6 to omega-3 still remained favorable even in the worst-case
scenario in terms of temperature.
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Figure 3. Chromatograms of the flax seed oils: a) run No 4; and b) SFE

PucyHok 3. XpoMaTorpaMMbI Maces U3 JIbHSHOTO ceMeHM: a) onbIT N2 4; u b) CPI

362



Mupsaxmepos L. [. v ap. | MALWEBDBIE CUCTEMbI | Tom 6 No 3 | 2023 | C. 358-364

REFERENCES / BUBJIMOTPA®UYECKU CIITUCOK

—_

. Dzuvor, C.K.O., Taylor, ]J.T., Acquah, C., Pan, S., Agyei, D. (2018). Bioprocessing
of functional ingredients from flaxseed. Molecules, 23, Article 2444. https://doi.
org/10.3390/molecules23102444

. Bakowska-Barczak, A., de Larminat, M.A., Kolodziejczyk, P.P. (2020). The appli-
cation of flax and hempseed in food, nutraceutical and personal care products.
Chapter in a book: The Textile Institute Book Series, Handbook of Natural Fibres
(Second Edition), Woodhead Publishing. Sawston, Cambridge, 2020. https://doi.
org/10.1016/b978-0-12-818782-1.00017-1

. Zhang, T, Zhang, Z, Wang, X. (2023). Composition and antioxidant ability of ex-
tract from different flaxseed cakes and its application in flaxseed oil. Journal of
Oleo Science, 72(1), 59-67. https://doi.org/10.5650/jos.ess22181.

4. Hasanov, ].H., Mirzahmedov, S.D., Berdiev, N., Salikhov, S.I. (2022). Formation of
preliminary oil blends based on fatty acid compositions of oil-bearing sources.
Journal of Chemistry and Technologies, 30(4), 513-519. https://doi.org/10.15421/
jchemtech.v30i4.263838

. Grajzer, M., Szmalcel, K., KuzZminski, £., Witkowski, M., Kulma, A., Prescha, A.
(2020). Characteristics and antioxidant potential of cold-pressed oils — possible
strategies to improve oil stability. Foods, 9, Article 1630. https://doi.org/10.3390/
foods9111630

. De Silva, S.F., Alcorn, J. (2019). Flaxseed lignans as important dietary polyphe-

nols for cancer prevention and treatment: Chemistry, pharmacokinetics, and

molecular targets. Pharmaceuticals, 12(2), Article 68. https://doi.org/10.3390/
ph12020068.

Grajzer, M., Wiatrak, B., Gebarowski, T., Matkowski, A., Grajeta, H., Rdj, E. et al.

(2021). Chemistry, oxidative stability and bioactivity of oil extracted from Rosa

rugosa (Thunb.) seeds by supercritical carbon dioxide. Food Chemistry, 335, Ar-

ticle 127649. https://doi.org/10.1016/j.foodchem.2020.127649

. Madhujith, T., Sivakanthan, S. (2019). Oxidative Stability of Edible Plant
Oils. Chapter in a book: Bioactive Molecules in Food. Springer, Cham, 2019.
https://doi.org/10.1007/978-3-319-78030-6_94

. Choe, E., Min, D.B. (2006). Mechanisms and factors for edible oil oxidation. Com-

prehensive Reviews in Food Science and Food Safety, 5(4), 169-186. https://doi.

org/10.1111/§.1541-4337.2006.00009.x

Bhargavi, G., Nageswara Rao, P., Renganathan, S. (1-2 June, 2018). Review on

the extraction methods of crude oil from all generation biofuels in last few decades.

IOP Conference Series: Materials Science and Engineering, Volume 330, Inter-

national Conference on Recent Advances in Materials, Mechanical and Civil En-

gineering, Hyderabad, India. https://doi.org/10.1088/1757-899X/330/1/012024

. Campos, J.R., Severino, P., Ferreira, C.S., Zielinska, A., Santini, A., Souto, S.B. et

al. (2019). Linseed essential oil — source of lipids as active ingredients for phar-

maceuticals and nutraceuticals. Current Medicinal Chemistry, 26(24), 4537-4558.

https://doi.org/10.2174/0929867325666181031105603

Tanska, M., Roszkowska, B., Skrajda, M., Dabrowski, G. (2016). Commercial

cold pressed flaxseed oils quality and oxidative stability at the beginning and

the end of their shelf life. Journal of Oleo Science, 65(2), 111-121. https://doi.
org/10.5650/jos.ess15243.

Wang, S., Zhang, Z.-S., Zhang, T.-F., Wang, X.-D. (2020). Extraction and char-

acterization of flaxseed oil obtained with subcritical n-Butane. Journal of Oleo

Science, 69(9), 1011-1020. https://doi.org/10.5650/jos.ess20051.

Lv, M., Wu, W. (2021). Simultaneous recovery of high quality black sesame

oil and defatted meal by a new aqueous method: Optimization and compari-

son with other methods. Journal of Oleo Science, 70(9), 1211-1223. https://doi.
org/10.5650/jo0s.ess21067.

Latif, S., Romuli, S., Barati, Z., Miiller, J. (2020). CFD assisted investigation of

mechanical juice extraction from cassava leaves and characterization of the

products. Food Science and Nutrition, 8(7), 3089-3098. https://doi.org/10.1002/
fsn3.1517

»o

w

w

[=)}

=~

o]

Nel

10.

1

—

12.

13.

14.

15.

AUTHOR INFORMATION
Affiliation

Sherzod D. Mirzaxmedov, PhD Student, Department of Service Technique,
Islam Karimov Tashkent State Technical University

2, University str., 100011, Tashkent, Uzbekistan

Tel: +99-894-938-68-99

E-mail: mirzaxmedovsherzod84@gmail.com

ORCID: https://orcid.org/0000-0003-3378-5679

Jahongir H. Hasanov, Candidate of Technical Sciences, Senior Researcher,
Laboratory of Chemistry of Proteins and Peptides, Institute of Bioorganic
Chemistry of the Academy of Sciences of Uzbekistan

83, Mirzo Ulug’bek str., 100125, Tashkent, Uzbekistan

Tel: +99-894-321-44-16

E-mail: hasanovjahongir1980@gmail.com

ORCID: https://orcid.org/0000-0003-4095-8734

* corresponding author

Octavio Calvo-Gomez, D. Sc., Profesor of Food Technology, Tashkent Institute
of Chemical Technology

32, A. Navoi str., 32. Tashkent, Uzbekistan

Tel: +99-895-977-19-75

E-mail: Octavio.calvo@tkti.uz

ORCID: https://orcid.org/0000-0002-7284-518X

16. Piseskul, J., Suttisansanee, U., Chupeerach, C., Khemthong, C., Thangsiri, S.,
Temviriyanukul, P. et al. (2023). Optimization of enzyme-assisted mechani-
cal extraction process of hodgsonia heteroclita oilseeds and physical, chemi-
cal, and nutritional properties of the oils. Foods, 12(2), Article 292. https://doi.
0rg/10.3390/foods12020292
Hasanov, J.H., Mirzaxmedov, Sh.D., Sultonova, E.M., Salikhov, Sh.I. (2023). Ef-
fect of moisture content on the quality and quantity of screw-pressed flax seed
oil. Food Processing: Techniques and Technology, 53(2), 309-315. https://doi.
org/10.21603/2074-9414-2023-2-2434
. Hasanov, ], Navro’zov, S. (November 7, 2019). Extraction of seed oils with rich
sources of fatty asids. Scientific Conference of Ph D. Students of FAFR, FBFS and
FHLE SUA in Nitra with international participation. Nitra, Slovak Republic.
. Hasanov, J.H., Mirzaxmedov, Sh.D., Salikhov, Sh.I. (November 2, 2021). Screw
pressed (Linum usitatissimum) oil. Book of Abstracts of the 5™ International Sci-
entific Conference Agrobiodiversity for Improving the Nutrition, Health, Quality
of Life and Spiritual Human Development. Nitra, Slovak Republic. https://doi.
org/10.15414/2021.9788055224015
NVF2G Inverter. Retrieved from https://www.chint.cz/uploads/engintr_pdf/
NVF2.pdf Accessed June 12, 2023
. FAO/WHO Codex Alimentarius Commission. (1999). Codex Standard for Named
Vegetable Oils (CODEX-STAN210-1999). Rome: World Health Organization:
Food and Agriculture Organization of the United Nations, 1999.
. Draper, N.R. (1992). Introduction to Box and Wilson (1951) on the experimen-
tal Attainment of Optimum Conditions. Chapter in a book: Breakthroughs in
Statistics. Springer Series in Statistics. Springer, New York, NY. https://doi.
org/10.1007/978-1-4612-4380-9 22
Sarabia, L.A., Ortiz, M.C. (2009). Response Surface Methodology. Chapter in a
book: Comprehensive Chemometrics. Chemical and Biochemical Data Analysis.
Elsevier, 2009. https://doi.org/10.1016/b978-044452701-1.00083-1
Ramesh, N. (2009). The role of Minitab in teaching and learning statistics, MSOR
Connections, 9(3), 9-13. https://doi.org/10.11120/msor.2009.09030009
Hasanov, J., Salikhov., S, Oshchepkova, Y. (2023). Techno-economic evaluation
of supercritical fluid extraction of flaxseed oil. The Journal of Supercritical Fluids,
194, Article 105839. https://doi.org/10.1016/j.supflu.2023.105839
Karaj, S., Miiller, J. (2011). Optimizing mechanical oil extraction of Jatropha cur-
cas L. seeds with respect to press capacity, oil recovery and energy efficiency.
Industrial Crops and Products, 34(1), 1010-1016. https://doi.org/10.1016/j.ind-
crop.2011.03.009
Kartika, I.A., Pontalier, P, Rigal, L. (2006). Extraction of sunflower oil by twin
screw extruder: Screw configuration and operating condition effects. Bioresource
Technology, 97(18), 2302-2310. https://doi.org/10.1016/j.biortech.2005.10.034
Martinez, M.L., Bord6n, M.G., Lallana, R.L., Ribotta, P.D., Maestri, D.M. (2017).
Optimization of sesame oil extraction by screw-pressing at low temperature.
Food and Bioprocess Technology, 10,1113-1121. https://doi.org/10.1007/s11947—
017-1885-4
Gonzalez-Torres, P., Puentes, J.G., Moya, A.]., La Rubia, M.D. (2023). Compara-
tive study of the presence of heavy metals in edible vegetable oils. Applied Sci-
ences, 13, Article 3020. https://doi.org/10.3390/app13053020
Semenov, V., Volkov, S., Khaydukova, M., Fedorov, A., Lisitsyna, I., Kirsanov, D.
et al. (2019). Determination of three quality parameters in vegetable oils using
potentiometric e-tongue. Journal of Food Composition and Analysis, 75, 75-80.
https://doi.org/10.1016/j.jfca.2018.09.015
. Hidayat, K., Yang, J., Zhang, Z., Chen G. C., Qin L. Q., Eggersdorferet, M. et al.
(2018). Effect of omega-3 long-chain polyunsaturated fatty acid supplementa-
tion on heart rate: a meta-analysis of randomized controlled trials. European
Journal of Clinical Nutrition, 72(6), 805-817. https://doi.org/10.1038/s41430-
017-0052-3

1

~

1

Nel

20.

2

—_

2

58

23.

24.

25.

26.

27.

28.

29.

30.

3

—_

CBEJEHUMS OB ABTOPAX
IIpyHaA/Ie;KHOCTb K OpraHU3a U

Mupsaxmenos lllep3on JuamypogoBuy — acnmpaHT, Kadegpa TexHuue-
CKOe OOCTYKMBAHME TEXHMKM, TaIIKeHTCKMI TOCYIAapCTBEHHBI TeXHUYe-
ckuit yauBepcureT umenu Menama Kapumosa

100011, V36ekucraH, TalIkeHT, y/1. YHUBepCUTETCKAsI, 2

Ten.: +99-894-938-68-99

E-mail: mirzaxmedovsherzod84@gmail.com

ORCID: https://orcid.org/0000-0003-3378-5679

XacaHoB JKaxoHrup XMKMaTW/IIOeBMY — KaHIMIAT TeXHUYECKMUX Hayk,
CTapUIuii HAyYHbBI COTPYOHUK, TabOPaTOPUs XUMUM GEJKOB U TENTULIOB,
VHCTUTYT 6MOOpraHnyecKoi xuMmm Akagemuy Hayk Pecrry6nmky V3bekuc-
TaH

100125, V36ekucras, TamkeHT, yi1. Mup3so Yiayréeka, 83

Ten.: +99-894-321-44-16

E-mail: hasanovjahongir1980@gmail.com

ORCID: https://orcid.org/0000-0003-4095-8734

* aBTOP /AJIs1 KOHTAKTOB

OkraBuo Kanso 'omec — noxrop, npodeccop, kadenpa TeXHOIOrMY NuIe-
BbIX NIPOAYKTOB, TallIKeHTCKMI XMMMUKO-TeXHOTOTMYECKUI MHCTUTYT
V36ekucraH, TamkeHT, yi1. A. HaBon, 32

Ten.: +99-895-977-19-75

E-mail: Octavio.calvo@tkti.uz

ORCID: https://orcid.org/0000-0002-7284-518X

363



Mirzaxmedov S. D. et al. | FOOD SYSTEMS | Volume 6 No 3 | 2023 | pp. 358-364

Elvira M. Sultonova, Candidate of Chemical Sciences, Senior Researcher, Lab-
oratory of Chemistry of Proteins and Peptides, Institute of Bioorganic Chemis-
try of the Academy of Sciences of Uzbekistan

83, Mirzo Ulug’bek str., 100125, Tashkent, Uzbekistan

Tel: +99-871-262-35-44

E-mail: elvir54@mail.ru

ORCID: https://orcid.org/0000-0002-9860-6814

Erkinjon H. Nematov, Ph.D., Docent, Department of Theoretical Mechanics,
Theory of Machines and Mechanisms, Islam Karimov Tashkent State Technical
University

2, University str., 100011, Tashkent, Uzbekistan

Tel: +99-899-831-17-83

E-mail: nematovh@gmail.com

ORCID: http://orcid.org/ 0000-0002-4178-0168

Abdusamad H. Nabiyev, Candidate of Chemical Sciences, Senior Researcher
Scientist, Technology of Fats, Essential Oils and Perfumery and Cosmetic
Products, Institute of Bioorganic Chemistry of the Academy of Sciences of
Uzbekistan

83, Mirzo Ulug’bek str., 100125, Tashkent, Uzbekistan

Tel: +99-890-984-75-45

E-mail: Nabiyev755@inbox.ru

ORCID: http://orcid.org/0000-0002-5630-3196

Contribution

The author has the sole responsibility for writing
the manuscript and is responsible for plagiarism.

Conflict of interest
The author declare no conflict of interest.

CynroHoBa dinBupa MutxaToBHa — KaHIMUIAT XMMMUUECKMX HAYK, CTapLINii
HaYYHBII COTPYIHUK, Ta60paTOpust XUMMsl 6ENKOB U MeNnTUAOB, NHCTUTYT
6100praHNYecKoit xumuy Akagemun Hayk Pecriy6iky Y36ekucraH

100125, Y36ekucran, TamkeHT, yia. Mup3o Yinyroeka, 83

Ten.: +99-871-262-35-44

E-mail: elvir54@mail.ru

ORCID: https://orcid.org/0000-0002-9860-6814

HemaToB DpKUHXOH XaMpoeBUY — KaHIMJAT TEXHNUECKMX HAYK, JOLIeHT,
Kadenpa TeopeTMyecKoil MeXaHMKM, TeOpUM MAllvH ¥ MeXaHu3MoB, Taii-
KEeHTCKMIA TOCyAapCTBEHHbI TEXHUUECKUi yHuBepcuTeT uMenn Vcinama Ka-
puMoBa

100011, V36ekucraH, TalIKeHT, y/1. YHUBEPCTUTETCKAsI, 2

Ten.: +99-899-831-17-83

E-mail: nematovh@gmail.com

ORCID: http://orcid.org/0000-0002-4178-0168

Ha6ueB AGaycamaj XaMUAOBUY — KaHIUAAT XMMUIECKUX HAYK, CTAPIINii
Hay4Hblii COTPYAHUK, TeXHONOTHS XXUPOB, IPUPHBIX Macenl U naphromepHo-
KOCMETUYECKO POLYKIVY, MHCTUTYT 6M00PraHNIeCcKOi XMMum AKazieMumn
Hayk Pecrry6/yky Y36eKkucraH

100125, V36ekucras, TamkeHT, yi. Mup3so Viayréeka, 83

Ten.: +99-890-984-75-45

E-mail: Nabiyev755@inbox.ru

ORCID: http://orcid.org/0000-0002-5630-3196

Kputepumn aBTopcTBa

ABTOp uMeeT eAMHOIMYHOe OTHOIIIeHNe K HallMCaHUIO
PYKOIIMCHY M HEeCeT OTBETCTBEHHOCTD 3a IjiarmaTt

KoH(uKT MHTEpecoB

ABTOD 3asiBiIsIeT 06 OTCYTCTBMM KOH(IMKTa MHTEPECOB.

364



