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Abstract. In this study sunflower seed cake produced on a screw press by cold pressing of dehulled sunflower seeds of confectionery-type
sunflower was used as a raw material for obtaining of sunflower protein preparations. Ultrasonic treatment of the phenol-free cake was
applied for improvement of extractability of proteins after the removal of phenolic compounds by treatment of dehulled sunflower press
cake with an aqueous ethyl alcohol solution. Sonification was accomplished by the generator at ultrasound frequency of 22.00 = 1.65 kHz
with a duration of ultrasonic treatment from 5 to 15 minutes. Extraction of proteins was carried out in a mild alkaline medium with 0.1 %
sodium bicarbonate solution with a hydro module of 1: 5 and temperature of 45 + 2° C. Protein and dry matter content of protein extracts
proportionally increased after 5-12 minutes of ultrasonic treatment with the formation of homogeneous protein extracts stable to solid
phase separation and characterized by a lighter colour in comparison with the control sample not subjected to ultrasonic processing.
However, after 15 minutes of ultrasonic treatment protein extracts lost uniformity with sedimentation of a solid fraction. Studies
demonstrated that application of ultrasonic treatment prior protein extraction resulted in a growth of dry matter and crude protein content
of sunflower protein extracts correspondently to the duration of sonification. This effect might be beneficial for an increase of protein
yields in processes of manufacturing of light-coloured sunflower protein concentrates and isolates and for manufacturing of functional
protein drinks from sunflower seeds. Additionally, it has been shown that sonication of sunflower protein solutions obtained after extraction
of protein substances with 0.1 % NaHCOs solution and removal of insoluble residue significantly improved their sedimentation stability
and resulted in a lighter colour of resulted protein solutions in comparison with a conventional treatment by a high-speed disperser. Such
treatment might be used in processes of manufacturing of dairy milk analogues from sunflower seeds.
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Introduction

Development of methods of production of
edible protein supplements from non-traditional
plant raw materials is one of the important objec-
tives of avoiding protein deficiency, reducing
dependence on proteins of animal origin and im-
proving the structure of human nutrition. Replacing
animal protein with vegetable protein in human diets is
regarded as a perspective solution for achievement
of more sustainable global agri-food systems and it
is essential for improving the sustainability of diets [1].
According to the publication of "Agroinvestor"
magazine dated 03/27/2021, by 2035 the market
of products derived from plant raw materials will
account 11% of the total protein market. It is fore-
casted that alternative plant products will have
the fastest development in Russia which will allow
Russia to strengthen its position as the largest agri-
cultural supplier of plant products [2].

Nowadays all over the world research and
commercial production of meat and dairy ana-
logues are being actively developing using

vegetable proteins from soybeans, peas, wheat, oats
and other crops. Sunflower seed occupies a more
modest position in the world vegetable protein
resources compared to other protein reach crops.
But for Russia this oilseed is a promising raw
material for production of vegetable protein ingre-
dients and products. Sunflower is the main oilseed
crop cultivated in Russia. Sunflower seed production
in the country has grown significantly over the past
20 years from 2.7 million MT in 2001 to a record crop
of 15.4 million MT in 2019.

The potential of sunflower (Helianthus
annuus L.) as a raw material for obtaining of vege-
table proteins is significantly underestimated. The
bulk of sunflower seed is crushed at oil mills with
production of vegetable oil and fodder cakes and
meal. Food utilization is mainly limited to sales of
packaged sunflower seeds and kernels through retail
networks and by usage of dehulled sunflower seeds
and flour at confectionery and bakery enterprises.

Nitrogen-containing compounds rank on the
second position after lipids in composition of
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sunflower seeds. Seeds of modern sunflower varieties
and hybrids contain on average 45-52% fats and 17—
22% proteins. Sunflower seed storage proteins have
up to 70-80% of globulins and a high biological
value.

Many research papers are devoted to develop-
ment of methods for obtaining of protein products
from sunflower seed [3-12]. The main problems
for commercial production of sunflower proteins
are connected with high fiber content of sunflower
cakes and meals and with the presence of phenolic
compounds. Polyphenols can oxidize during stor-
age and processing especially during conventional
alkaline or salt protein extraction. Besides it could
decrease nutritional and functional properties of
sunflower protein preparations. [13-18]. To devoid
this problem we’ve introduced the stage of removing
phenolic compounds with an aqueous solution of ethyl
alcohol into the scheme of complex processing of
sunflower seeds [19]. But treatment of sunflower
raw material with a hydrophobic solvent resulted
in a denaturation of proteins with a decrease of
solubility of protein substances. It limits protein ex-
tractability with water and with aqueous solutions
of electrolytes and will negatively impact on sun-
flower protein isolates and concentrates yields and
functionality and on protein content in dairy milk
analogues from sunflower seeds.

To develop an effective method of production
of sunflower protein preparations and products
it is important to use specially dehulled high-protein
seed and deoiled feedstock as a raw material and
to intensify the process of protein extraction after
removal of phenolic compounds.

Physical methods are perspective for im-
provement of extractability of target components,
such as high pressure treatment, sonification, expo-
sure to microwaves. The main advantage of these
methods is their environmental friendliness, avoiding
of organic solvents and aggressive chemical media,
absence of waste waters and et. These methods can
increase the protein yield up to 80% [20]. Today a
special attention is paid to ultrasonic processing
which is absolutely harmless to the environment,
requires less processing impact, less maintenance
costs, and is easy to install and use [21].

In the current study confectionery-type sun-
flower seeds are used as a raw material to produce
protein preparations. These seeds are characterized
by a lower oil content compared to oil varieties of
sunflower seeds and can be easier dehulled. An en-
vironmentally friendly mechanical pressing method is
used to extract the oil. Removal of phenolic com-
pounds is performed by treating the press cake with
an aqueous ethyl alcohol solution. The experiments
are performed to investigate effects of sonification
on extractability of proteins from dehulled and me-
chanically deoiled sunflower seed after ethyl alco-
hol treatment. Additionally, the effect of ultrasonic
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treatment of the protein solution after separation of
the insoluble cake residue on its sedimentation sta-
bility is studied in comparison with conventional
treatment in a disperser.

Materials and Methods

Two commercial batches of confectionery-
type sunflower seeds with different protein content
were selected for experiments. Two samples of de-
hulled seeds were obtained by mechanical separation
and removal of hulls. Crude protein, fat and moisture
content of dehulled seed samples # 1.1. and # 2.1.
are presented in Table 1.

Table 1.
Chemical composition of dehulled sunflower seed
samples

Parameters Sample #1.1 Sample #2.1
Moisture and volatiles, % 413+0,05 4,47+0,03
Crude protein (Nx6.25), % m.f.b. * 26,79+0,03 23,33+0,02
Crude fat (ether extr.), % m.f.b. 4442 +0,14 49,67 +0,15
*m.f.b. — moisture free basis
Source: Compiled by the authors

Sunflower oil was extracted by cold pressing
of dehulled seeds at Akita jp AKJP 700 oil press
professional screw oil press with capacity of 18 to
20 kg/h. Samples #1.2 and #2.2 of dehulled sunflower
press cake with different crude protein content were
obtained. The chemical composition of the samples
is presented in Table 2.

Table 2 Chemical composition of dehulled
sunflower press cake samples

Table 2.
Chemical composition of dehulled sunflower
press cake samples

Parameters Sample #2.1 Sample #2.2
Moisture and volatiles, % 7,16 £0,03 7,48 +0,04
Crude protein (Nx6.25), % m.f.b. 46,63 + 0,05 39,16 + 0,02
Crude fat (ether extr.), % m.f.b. 95+£0,08 9,34+0,06
Source: Compiled by the authors

For removal of phenolic compounds sunflower
cake samples #1.2 and #2.2 were extracted by 70%
aqueous ethyl alcohol solution followed by washing
of a solid residue with acidified water [19]. Then
0.1% NaHCOs3; aqueous solution was used for ex-
traction of proteins in an alkaline medium at a ratio
of 1: 5 and temperature of 45 + 2 °C for 30 minutes
and a stirring speed of 1,000 rpm. Soluble protein
extracts were separated from insoluble cake resi-
dues by centrifugation at 2,000 rpm.

Ultrasonic treatment was applied at two differ-
ent stages of complex processing of sunflower seeds.

1. Ultrasonic treatment of de-phenolic
sunflower press cake samples prior extraction
of protein substances.

Ultrasonic treatment prior extraction of pro-
teins by sodium bicarbonate solution was carried
out at 1100-6/4 ultrasonic generator (manufactured
by LLC "Ultrasonic technology — INLAB", Russia) at
a working ultrasound frequency of 22.00 + 1.65 kHz;
power consumption 100 W with a duration of
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ultrasonic treatment from 5 to 15 minutes (samples
#1.3 and #2.3). A sample of the protein extract not
subjected to ultrasonic treatment was used as a con-
trol (0O minutes).

2. Ultrasonic treatment of protein solution
after removal of insoluble cake residue.

Impact of sonification on the sedimentation
stability of protein solutions was carried out by
ultrasonic treatment for 4 minutes at a working ultra-
sound frequency of 22.00 + 1.65 kHz (sample #1.4)
and compared with processing of protein solution
in a laboratory disperser T25 digital ULTRA-
TURRAX® , IKA, Germany at 13.5 thousand rpm
for 30 minutes (sample #1.5).

To avoid overheating of materials during
sonification and to maintain the optimum temperature,
an ice bath was used in both cases of ultrasound
treatment.

The protocol followed for the complex pro-
cessing of sunflower seed including ultrasonic
treatment stages is illustrated in figure 1.

| Dehulling |

|I.Jc]1u].cd seed. samples #1.1 and #2.1 |

I

| Qil removal by cold pressing |

Sunflower oil

| Sunflower cake, samples #1.2 and |
Aqueous alcohol extraction of
phenclic compounds

Extract of phenolic
compounds

Protein extraction by 0.1%
NaHCOs

| Separation of insoluble cake residue |

| Ultrasonic treatment |

Protein extraction by 0.1%
NaHCOs

Separation of insoluble cake
residue

Insoluble cakeresidue

| Ultrasonic or disperser treatment |

| Protein extract, samples #1.3 and |
#23 I

| Protein extract. samples #1.4 and #1.5 |

Figure 1. Flow diagram of stages of complex processing
of sunflower seed. Source: Compiled by the authors
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Dry matter content, crude protein and crude
fat content were analyzed in sunflower raw materials,
control and experimental samples.

Dry matter contents were determined gravi-
metrically at 105 °C following the protocol of the
Russian state standard GOST 13979.1.

Crude protein contents of samples were
calculated based on their nitrogen content (Nx6.25)
as determined by Kjeldahl method using Protein/
Nitrogen analyzer KjelFlex K-360 of BUCHI fol-
lowing the protocol of the Russian state standard
GOST 13496.4.

Crude fat contents of samples were deter-
mined by extraction of oil from samples by diethyl
ether using the Soxhlet apparatus and method
following the protocol of the Russian state standard
GOST R 53153.

Sedimentation stability and colour of resulting
protein solutions were evaluated visually.

Distribution of fat globules in protein
solutions before and after ultrasonic treatment was
observed at Axio Lab. Al laboratory microscope
(manufactured by Carl Zeiss, Germany) with
magnification 63x.

All experiments were carried out in three
replicates.

Results

The effect of ultrasonic treatment of de-
phenolic sunflower press cake samples that was
applied prior the extraction of protein substances
with 0.1% NaHCOs solution on dry matter and crude
protein content of protein extracts (samples #1.3 and
#2.3) is shown in Table 3.

The growth of crude protein and dry matter
content in protein extracts produced with ultrasonic
treatment expressed as a percent to the corresponding
parameters of the control extract without ultrasonic
treatment is shown in Fig. 2.1 and 2.2. The content
of crude protein and dry matter in the control (0
minutes) sample is taken as 100%.

Table 3.

Effect of ultrasonic treatment on crude protein and dry matter content of protein extracts in sodium
bicarbonate solution

Duration of Crude protein, % Dry matter content, %
treatment Sample #1.3 Sample #2.3 Sample #1.3 Sample #2.3
Control — 0 min. 2,23 + 0,005 1,57 £0,002 2,56 + 0,014 2,01+ 0,002
5 minutes 2,64 + 0,021 1,65 £ 0,005 2,9+£0,07 2,19+ 0,04
10 minutes 2,88 +£0,003 1,71 £ 0,004 3,3+£0,05 2,21+0,08
12 minutes - 1,98 + 0,006 - 2,77 0,09
15 minutes 3,69 £+ 0,006 3,05 £+ 0,004 45+0,02 4,28 + 0,04

Source: Compiled by the authors
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Figure 2. Growth of crude protein and dry matter content in protein extracts after ultrasonic treatment in percent to
corresponding control sample levels expressed as 100%. Source: Compiled by the authors

The effect of the duration of ultrasonic treatment
of sample #1.3 on the appearance of the protein
extracts is shown in Figure 3.

e e S
T T

Figure 3. Photo of protein extracts in 0,1% NaHCOs3;
solution without ultrasonic treatment (control) and with
duration of ultrasonic treatment of de-phenolic sample #1.2
during 5, 10 and 15 minutes. Source: Taken by the authors

The effect of ultrasonic treatment on the dis-
tribution and size of fat globules in sample #1.3
under a microscope in comparison with the control
protein extract without ultrasonic treatment is shown
in Figure 4.

Figure 4. Photo of protein extracts taken with microscope
magnification. Left— control sample without ultrasonic
treatment. Right — sample after sonification. Source:
Taken by the authors

The effect of ultrasonic treatment of protein
solutions obtained after extraction of protein sub-
stances with 0.1% NaHCOj3 solution and separation
of insoluble residue on their appearance in comparison
with processing in a disperser is shown in figure 5.
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Figure 5. Photo of protein solutions after treatment by
2 — ultrasound generator (sample #1.4) and 1 — disperser
(sample #1.5)

Discussion

The results of experiments demonstrate that
introduction of the sonification stage prior the ex-
traction of protein substances from the material
treated with alcohol the content of dry matter and crude
protein in protein extracts (samples #1.3 and #2.3)
grows with an increase of sonification time (Table 3).
During the first 10 minutes of sonification the protein
concentration in the extracted solution proportionally
increases by 29% for sample #1.3 and by 8% for
sample #2.3, the concentration of dry substances in
the extracts increases by 28% for sample #1.3 and
10% for sample #2.3 respectively (Figure 2).

Protein extracts obtained from de-phenolic
sunflower press cake sample #1.2 after sonification
for 15 minutes quickly lost uniformity with sedi-
mentation of a solid fraction while such effects
didn’t occur during sonication for 10 minutes or less.
In experiments with de-phenolic sample #2.2 the ef-
fect of the additional sonification time of 12 minutes
was studied. It was observed that such treatment didn’t
cause phase separation of the resulted protein extract.
After sonification for 15 minutes, the crude protein
content in the extracted solutions obtained from
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both samples of de-phenolic sunflower press cakes
increased sharply — by 65% (sample #1.3) and 94%
(sample #2.3) compared to the crude protein content
in the control extracts without sonification (Figure 2).
However, these protein extracts were unstable
forming a precipitate during the day storage at a
room temperature. Perhaps 15 minutes sonification
will have a positive effect on yields of protein iso-
lates and concentrates but may lead to the loss of
their functional properties. Protein extracts after
sonication had a lighter colour in comparison with
the control sample (Figure 3). Apparently, after ul-
trasonic treatment during time up to 10-12 minutes
there is a change in the size of the fat globules and
formation of a more uniform distribution of protein
and fat molecules preventing coalesation. Micro-
scopic examination of the structure of the protein
solution showed a significant reduction the size of
fat globules and a more uniform distribution after
sonication (Figure 4), which positively influenced
the system's sedimentation stability.

After 15 minutes of sonification more drastic
structural changes could occur with the loose
of the system stability and formation of a precipitate.
We consider that for methods of production of
functional protein drinks with an increased protein
content from sunflower seeds the sonification stage
should be less than 15 minutes to prevent separa-
tion of the product during storage which will nega-
tively affect the consumer perception of the sun-
flower drink.

In the 2nd series of experiments introduction
of the 4 minutes sonication treatment of the protein
solutions obtained after extraction of protein sub-
stances with 0.1% NaHCOs; and removal of cake
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insoluble residue resulted in a significant im-
provement in their sedimentation stability and ap-
pearance compared with a conventional treatment
in a disperser during 30 minutes. In protein solutions
treated with ultrasound a precipitate was formed on
the 2" day of storage compared to the formation of
the precipitate during the 1% day in samples treated
in a disperser stored at the same storage conditions
in a refrigerator at a temperature of 4 + 2 °C. An-
other positive result was that when the samples were
sonicated, the protein solution had a lighter colour
compared to the treatment in a disperser (Figure 5).
These effects are very promising for development
of dairy milk analogues from sunflower seeds with
introduction of an ultrasound treatment.

Conclusion

The experiments have demonstrated that
introduction of the stage of ultrasonic treatment
after alcohol extraction of phenolic compounds from
the dehulled sunflower press cake seed in complex
processing of confectionery-type sunflower seeds
significantly increases the protein extractability
with 0.1% NaHCOs; solution. The growth of crude
protein extractability after sonication will have a
positive effect on protein yields in conventional
methods of production of sunflower protein concen-
trates and isolates by alkaline and salt extraction.
In addition, sonication is a promising treatment for
increasing of the protein concentration in func-
tional protein drinks from sunflower seeds.

Sonication of sunflower protein solutions
improves their sedimentation stability and forms
a lighter coloured finished product compared
to conventional treatment in a disperser.
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Biausinue yJbTpa3ByKoOBOM 00PA00TKHM HA IKCTPATUPYEMOCTH 0€JIKOB
NP KOMILICKCHOM nepepadoTKe CeMsH MOACOTHCYHUKA

AHHOTanms. B 1aHHOM HCCiTeoBaHMM B KauecTBE CHIPbS UL HOJIyYEeHHs OEJKOBBIX IIPEIapaToB IIOACONHEYHUKA HCIOJB30BAIN
LIPOT CEeMSIH IO/ICOTHEYHNKA, MTOTyYeHHBIH Ha ITHEKOBOM IIpecce ITyTeM XOJIOJHOTO IPECCOBAHMS JIYIIECHBIX CEMSH IO/ICOIHEYHNKA
KOHAUTEPCKOTO TUIA. YIJIBTPa3ByKOBYIO 00pabOTKy 0e3(heHOIBHOr0 XKMbIXa IPUMEHSIIN JUTS YIyUIIeHUS SKCTParupyeMocTu OelIKoB
nocie yaaneHus: (eHONbHBIX COSTUHEHUH TyTeM 00paboTKu 0OPYIIEHHOTO MOACOITHEYHOrO XMBIXa BOJHBIM PACTBOPOM 3THIIOBOTO
cnupTa. O3BydHBaHNE OCYIECTBIUIOCH TEHEPATOPOM Ha YacToTe yiubTpasByka 22,00 + 1,65 k'l ¢ 1UTeNsHOCTHIO yIBTPa3BYKOBOM
00paboTKH OT 5 10 15 MuHYT. DKCTpaKLuio OEIKOB MPOBOAWIH B ciaabomenodnoi cpene 0,1 % pacTBopom OukapOOHaTa HAaTpPHS C
runpomonayieM 1:5 u temmepatypoit 45+£2°C. Conepikanue Oellka M CyXOro BEIIECTBAa B OEIKOBBIX SKCTPAKTAX MPOMNOPHUOHAIBEHO
YBEJIHMYHMBAIOCH Yepe3 5—12 MHH. ynbTpa3ByKkoBas 00paboTka ¢ 00pa30BaHHEM T'OMOTCHHBIX OEIKOBBIX IKCTPAKTOB, YCTOHYMBBIX K
pa3IeneHuio TBepABIX (a3 M XapaKTepU3YIOIIMXcs 0OoJiee CBETIION OKpackol IO CPaBHEHHIO C KOHTPOJBHBIM 00pasloM, He
TIOJIBEPTHY THIM yIIBTPa3ByKOBOIT 00paboTke. OHAKO yke depe3 15 MUHYT yIbTpa3ByKOBOH 00paOOTKH OEIIKOBEIE SKCTPAKTHI TEPSUTH
OJTHOPOIHOCTH C BBINAZCHHEM B 0CaJ0K TBepAoi (pakimu. VccrnenoBaHus Moka3aiy, 4TO IPHMEHEHHE YIbTPa3ByKOBOH 00pabOTKH
nepesl JKCTpakiueidl Oelka NMPUBOJWIO K YBEIMYEHUIO COJICPXKAHMSA CYXOro BEIECTBAa M ChIPOro Oeika B SKCTpaKTax OesIKoB
MOJICOJTHEYHHKA COOTBETCTBEHHO IPOAOJDKUTENFHOCTH OOpPaOOTKH YIBTPa3BYKOM. OTOT 3(PQeKT MOXKeT OBITh IOJIe3eH At
YBEJIMYEHHS BBIXOJa Oelika B IPOLEccax MPOU3BOICTBA CBETIIBIX OCIKOBBIX KOHLIEHTPATOB U H30JIATOB MOACOIHEYHUKA, a TAKKE IS
MPOU3BOJICTBA (DYHKIHMOHATBHBIX OCJIKOBBIX HAIUTKOB M3 CEMSH IIOJCOJHEYHHKa. Kpome TOro, mokasaHo, 4To 00OpaboTKa
yIBTPa3ByKOM PacTBOPOB GEJIKOB MOJICOTHEYHHKA, TIOMYUSHHBIX TT0CIEe AKCTpaKImy OenkoBbix Beniects 0,1 % pacrBopom NaHCOs u
yIaJIeHUs] HepacTBOPUMOTO OCTaTKa, CYIIECTBEHHO yJIydIlaia UX CeUMEHTAllMOHHYO yCTOHYMBOCTD 1 IPUBOMIA K OoJiee CBETIION
OKpacke MONyYeHHBIX OEIKOBBIX PacTBOPOB IO CPABHEHHUIO C TPAJHUIOHHON 00pabOTKOI BEICOKOCKOPOCTHOH mucteprarop. Takas
00paboTKa MOXKET OBITH HCIIOIH30BaHA B IIPOIIECCaX IMPOM3BOACTBA AHAJIOTOB MOJIOYHOT'O MOJIOKA M3 CeMSH IIOJICOTHEYHHKA

KiroueBble clI0Ba: ceMEHa MOJCOJNHCYHMKA, OCNOK IOJCOJIHEYHHKA, OSKCTpakuus Oenka, (QeHOIbHbIE COCIMHEHHS,
yJIBTpa3ByKoBas 0OpaboTKa.

Jinnust O. IllaruroBa Mianmuii HayuHsli cotpynnuk, otmen Mapus JI JloMOpoIeHKoBa K.T.H., 3aBEyIOLIMi OTACIOM,
OT/Iel NPOM3BOJCTBA IHIIEBBIX PACTHTEIBHBIX OEIKOB U

ounorexnonornn, BHUWXwupos, yn. Yepnsaxosckoro, 10,
. : ) r. Cankr-ITerepOypr, 191119, Poccuss mdomor@mail.ru
191119, Poccu, liliyashaginova@gmail.com https://orcid.org/0000-0003-4230-8372
https://orcid.org/0000-0001-9938-8962
Jlronvmia A. 3a6o1a10Ba J1.T.H, JOLEHT, (aKyIbTeT OHOTEXHOOTHIA, Hpuna B. KpwuioBa acrnmpant, VYrusepcurer WTMO,
Vuusepcurer U'TMO, KpoHBepKckHii 11p., 49, 1. Cankr-Ilerepoypr, Kponsepkckuii mp., 49, r. Canxr-IlerepOypr, 197101, Poccus,
197101, Poccust, zabodalova@gmail.com OTIeNn TPOU3BOJACTBA IIHINEBBIX PACTHTEIBHBIX OENKOB U
https://orcid.org/0000-0002-2324-8311 OMOTEXHOJIOTUH, HAYyUYHBIH COTPYJHHK, OTAEN IIPOHM3BOACTBA
Tatbsina . JIeMbSIHEHKO K.T.H., BEIYIIUil HAYJHBIH COTPYIHIK, HIICBBIX PACTHTEIBHBIX Gerkos 1 Grotexromorny, BHUMKipos,
OTJeN TPOM3BOJACTBA TMHIIEBBIX PACTUTCIBHBIX OcnmkoB u Y- Uepmsixosekoro, 10, r. Cauxr-Ilerep6ypr, 191119, Poccus,
irinakryloval987@gmail.com

https://orcid.org/0000-0002-0132-2189

TIPOM3BOZICTBA TIMIIEBBIX PACTHTEIBHBIX OCNKOB M OHOTEXHOJIOTHH,
BHUMXupos, yia. Yepusxosckoro, 10, r. Cauxr-IletepOypr,

6uorexnonorun, BHUMXXupos, yn. Yepnsaxosckoro, 10, r. CaHkT-
TerepOypr, 191119, Poccus, tandem.50@list.ru
https://orcid.org/0000-0002-4220-7224

261



