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RESEARCH OF DISPERSION PROPERTIES OF OILCAKES

Annotation: This article presents the results of research on the dispersion properties of
oilseed cakes after oil extraction for further use in the bakery, confectionery, and pasta industries.
Soybean, pumpkin, sunflower, peanut, and flax seed cakes were used in the work. Oilseed cakes
are a high-protein product and can serve as an alternative gluten-free raw material for the production
of flour products. The microstructural characteristics of the oilcake's surface were determined using
an electron microscope-micro analyzer JXA-8230 from JEOL at the Scientific Center for Compaosite
Materials LLP, Almaty. Sample images were obtained at an accelerating voltage of 20 kV, an
electron beam current of much less than 1 nA, and aperture diaphragms No. 3 and 4. Laser analysis
of particles of the applied materials up to nanoparticles was also performed. The smallest particle
distribution is in sunflower cake (D10=3.177 um, D50=6.403 um, D90=10.007 um, Dav=6.529 um),
the largest is in flax cake (D10=34.127 um, D50=61.243 um, D90=89.052 um, Dav=61.519 um). The
research aimed to establish the microstructure and analysis of the particles of oilseed cakes and
further influence the phase transformations and technological properties of bakery, confectionery,
and pasta products.

Key words: oilseed cakes, analysis, electron microscopy, laser analysis, nanopatrticles.

Introduction

According to United Nations forecasts, by 2050 the world's population will grow to about 9.7
billion people [1]. This growth creates an acute demand for the production of protein-rich foods for
human consumption that are affordable, plentiful, nutritious, and sustainable. The major source of
high-quality proteins is animal husbandry. It is necessary to look for sources of sustainable plant-
based alternatives to replace animal food sources in the human diet [2].

The purpose of this article is to discuss the possibilities and problems associated with the
use of oilseed cake proteins, such as sunflower, pumpkin, soybean meal, peanut, and flax cake in
the food industry, which is a by-product of processing oilseeds and contains up to 50% protein. The
global production of secondary products of the fat and oil industry is estimated at 636 million metric
tons in 2022/2023 [3]. The proteins of some oilseed cakes can be turned into food ingredients that
can be used for their nutritional value or functional properties in human food products [4].

Earlier, studies were conducted on the physicochemical, fatty acid, amino acid composition,
and food safety of the cakes of the above-mentioned crops [5]. In this article, we provide an overview
of the dispersion properties and their potential application in the production of bakery, confectionery,
and pasta products.

This highlights the potential contribution of the use of secondary products of the fat and oil
industry to the achievement of some of the United Nations Sustainable Development Goals: «Zero
hunger»; «Good health and well-being» and «Sustainable food production and consumption» [6]. As
a result, converting an abundant by-product into a valuable food ingredient can lead to healthier and
more sustainable global food supplies.

Research methods
Researching a scanning electron microscope with an energy-dispersive microanalysis
system (without sample preparation). A snapshot of the surface of the finished sample at high
magnifications (>x3000).
Samples in the form of powders or crushed pieces were delivered in labeled plastic bags.
The samples were mounted in brass holders on the slide table of the JEOL scanning electron
microscope-microanalyzer JXA-8230 flush with the sample holder section. Thus, the same
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experimental conditions for observation and measurement of all samples were created. The
installation corresponded to the positions of the samples with respect to the electron beam as close
as possible to the perpendicular.

Sample images were obtained at an accelerating voltage of 20 kV, an electron beam current
much less than 1 nA, and aperture diaphragms No. 3 and 4. Such shooting conditions at low
magnifications ensure confident observation and registration of particles from a micron to hundreds
of microns, and at high magnifications — submicron particles.

For all sample sites selected for scanning electron microscopic (SEM) examination, the mode
of observation and shooting in secondary electrons (SEl) was used. The name of the
microphotograph files in JPEG format indicates the observation mode (shooting) and magnification.

Laser particle analysis of applied materials up to nanoparticles. Information about the tests
of the laser particle detector: Sample Info. Sample Name: 1 [Average]: Sample Refractive Index:
1.57 — i * 0.100. Delivery Date: 2023-9-25. Testing Info. Measuring Time: 9/25/2023 4:02:04 PM:
UltraSonic Time: Os. Disperse Medium: 1. Dispersant: 1. Sample Concentration: 9.382497. Analysis
mode R-R distribution

Research results

For comparability of images and characterization of the microstructure during electron
microscopy of the submicrometer range, 3 micrographs were obtained for each sample with
magnification X 40 (over the plan), X 1000 and X 3000.

1000
Figure 1 — Micrographs of soybean meal

[

X 1000
Figure 2 — Micrographs of pumpkin meal

X 3000
Figure 3 — Micrographs of sunflower meal
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X 1000
Figure 4 — Micrographs of peanut meal

Figure 5 — Micrographs of flax meal

Particle size is a crucial parameter of the quality of food suspensions, affecting their
rheological behavior, overall stability, as well as sensory perception. Table 1 shows the results of
laser particle analysis of the applied materials to nanoparticles. Measurements of particle size
distribution in powders and suspensions. The samples are inert about water and completely dissolve
in it.

The term «Dev» means the average particle diameter (Dav).

In the table, the term «D10» means the particle diameter (D10 value) of the particles at the
10% position when counting from the smallest particle diameter size of 0% (minimum) to 100%
(maximum) in the particle diameter distribution.

The term «D50» means a particle diameter (value D50) in which the number of particle
diameters on the larger side becomes equal to the number of particle diameters on the smaller side
when the diameters of the powder particles are divided into two groups.

The term «D90» means the particle diameter (D90 value) of the patrticles at the 90% position
when counting from the smallest particle diameter size of 0% (minimum) to 100% (maximum) in the
particle diameter distribution.

Table 1 — Data on patrticle sizes of various types of oilcakes

The name of Particle size SV, D[3,2], | D[4,3] Fitting
the oilcake D10, um | D50, um | D90, um | Dav, um | m"2/cm”3 um um Deviation
Soybean 13.688 43.375 90.495 48.62 2520.587 23.80 | 48.620 0.337
Pumpkin 21.804 49.224 82.739 51.13 1632.598 | 36.75 51.13 0.149
Sunflower 3.177 6.403 10.007 6.529 | 11686.430 | 5.134 6.529 1.683
Peanut 9.841 41.655 104.516 50.93 3897.614 15.39 | 50.936 0.836
Flaxseed 34.127 61.243 89.052 61.519 | 1150.580 | 52.148 | 61.519 0.545

A graphic representation of the results of laser analysis of oil cake particles is shown in Figure
6 [7].
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Figure 6 — Results of laser particle analysis:
a — soybean cake; b — pumpkin cake; c — sunflower cake; d — peanut cake; e — flaxseed cake

Discussion of scientific results

The soybean cake sample (Fig. 1) is a powder, which is an ensemble of agglomerated fine
particles ranging in size from 4.5 to 16 microns. The particles do not have definite shapes. At high
magnification, microcracks, microtubules (from 1 um), and traces of plastic flow in the form of
grooves and strands on the surface of particles are observed.

The sample of pumpkin cake (Fig. 2) is a powder, which is an ensemble of particles up to 0.6
mm in size. The particles do not have definite shapes, but there are partial signs of brittle fracture.
The layered structure of the particles has been revealed, and traces of microparticles (up to 2
microns) are observed on the surface of the layers, which have not completely merged with their
layers.

Malaysian scientists have studied pumpkin powder as a substitute for pumpkin pulp in various
food products. Scanning electron micrographs showed that the particle sizes of the purified pumpkin
powder were smaller particle size than the untreated samples amounting to 122.78 microns for
untreated samples and 120.99 microns for processed samples. The image looks like a clot of scales

[8].

The sample of sunflower cake (Fig. 3) is a powder, which is an ensemble of agglomerated
fine particles with sizes from 1.5 microns. The particles do not have definite shapes, but there are
partial signs of brittle fracture with traces of plastic flow in the form of grooves and strands on the
surface of the particles. At high magnification, microcracks and microtubules (from 1 pm) are
observed.

The peanut cake sample (Fig. 4) is a powder, which is an ensemble of agglomerated fine
particles ranging in size from 2.5 to 22 microns. The particles have rounded shapes and smoothed
surfaces with common cleavage areas, due to which a developed porous structure is observed in
the material.
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The sample of linseed cake (fig. 5) is a powder, which is an ensemble of agglomerated fine
particles with sizes from 1.5 microns. The particles are partially rounded, and often do not have
certain shapes, but have common cleavage areas, due to which a porous structure is observed in
the material.

In studies of flax seed cake, SAM images showed the formation of relatively spherical
particles that were folded or wrinkled. This can be explained by the interaction between the rapidly
decreasing diffusion coefficient during moisture removal and an increase in surface tension, which
leads to the formation of flattened particles with uneven/folded surface morphology. This research
may open up a promising path for the production of natural and herbal spray-dried powders for food
use as emulsion stabilizers [9].

The obtained results of scientists have shown that sourdough bread enriched with flaxseed
cake can be a potential source of biologically active compounds with the possibility of obtaining high-
guality products with improved nutritional profiles and desired health characteristics [10].

Laser analysis of particles of the materials used to nanoparticles showed the following results:
the smallest particle distribution is in sunflower cake (D10=3.177 um, D50=6.403 um, D90=10.007
um, Dav=6.529 um), the largest is in flax cake (D10=34.127 um, D50=61.243 um, D90=89.052 um,
Dav=61.519 um). In terms of size, all types of cakes comply with the standards.

Conclusion

Vegetable proteins are attracting increasing attention from scientists and manufacturers of
the food industry. By-products of the fat and oil industry — oilcakes, which are formed after oil
extraction and are a valuable feed ingredient for various types of livestock, are currently a potential
source of protein and dietary fiber in human food.
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MAWNbI OAKbIUTOAP KYHXXAPACBIHbIH AUCNEPCUATNBIK KACUETTEPIH 3EPTTEY

byn makanada HaH-moKaw, KOHOUMEpPIiK XoHe MaKkapoH ©HiMOepiH eHOipy canacbkiHOa
o0aH opi natiGanaHy wmakcambiHOa wmalinbl 0OakblidaplbiH Malcbi30aHOblpbiiFaHHaH KeliH
anbiHFaH KyH)xapanapObiH OucrepcusifiblK KacuemmepiH 3epmmey Hamuxenepi b6epinzeH.
3epmmey Xymbicma cosi, ackabak, KyHbarbIC, Xep)XaHfFaK XoHe 3bIfblp MYKbIMOapbIHbIH
KyHXXapasiapbi KondaHbinraH. Malnbel KyHXaparap aKybi3bl X0Fapbl 6HiM 6051bin mabbinadbi XoHe
YH ©HimMOepiH eHOipy ywiH banama e/momeHci3 WuKisam pemiHOe Kbiamem eme anaobl.
KyHxapanapObiH 6emiHiH MUKPOKYpbIbIMObIK cunammamanapbl Animamsl K. «Komrnosummik
mamepuandap fbiibiMu opmanbirbly XKLWC JEOL upmacekiHeliy JXA-8230 anekmpoHObI
MUKPOCKOIM-MUKPOaHanu3amopbIHbIH KeMezaiMeH aHbikmanobl. YneinepdiH cypemmepiH any 20 kB
yoemkiw kepHeyde, arieKmpoHObI cayrieHiH moeabl 1-0eH a3 xoHe Ne3 xxeHe 4 anepmyparsibik
OuaghpazmanapOa xyseee acbipbiiObl. CoHdal-aK, HaHobenuwekmepee KondaHbiiamalH
mamepuandapdbiH benwekmepiHe nasepisik manday xypaisindi. benwekmepdiH eH a3 mapanybi
KyHbarbIC KyHXapacbiHOa balikanadbl (D10 = 3,177 mkm, D50 = 6,403 mkm, D90=10,007 mMKM,
DAV=6,529 mkMm), eH yrKeHi — 3bifblp KyHxapacbiHOa (D10=34,127 mkm, D50=61,243 Mkm,
D90=89,052 MKM, DAV=61,519 MKM). 3epmmeydiH makcambl Mmalsbl KyHxapanadbiH
benweKkmepiHiH MUKPOKYPbINbIMbIH KYpy XoeHe manday XeHe HaH-mokaw, KOHOUMepPJIIiK XoHe
MakapoH eHiMOepiHiH chasaribiK e3zepicmepi MeH MexHOI02UsIbIK KacuemmepiHe odaH api ecep
emy 6050ksbl.

TyliiH ce3dep:. malsnbl Oakbindap KyHXapacbkl, manday, 37eKmMpPOHObl MUKPOCKOIMUS,
naseprik manday, HaHobernwekmep.
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WCCNEOQOBAHUE OUCIMEPCUOHHBIX CBOUCTB MACITUYHBLIX XXMbIXOB

B cmamebe npusedeHbi pe3yrnibmamsi uccriedosaHuli OUCNEPCUOHHBIX C80LICME MaciludHbIX
JKMbIX08 rocfie Uu38/1e4YeHUsi macra C yenbto OarnbHelwea0 UCronb308aHUss 8 ompacnu
npouseodcmea xriebobynoYHbIX, KOHOUMEPCKUX U MaKapOHHbIX u3denut. B pabome
UCMosIb308asUCh XMbIXU CEMSIH COU, MbIK8bI, MOOCOTHEYHUKA, apaxuca U fibHa. MacnuyHbie XmMbixu
A8M1510MCS 8bICOKOBEIKOBLIM MPOOYKMOM U MO2Ym Cr1y>KUMb arlbmepHamueHbIM 6e32/110meH08bIM
cbipbeM  Onsi npoudsoOcmea  My4HbIx — u3denud. OnpedernieHue  MUKPOCMPYKMYPHbIX
XapakmepucmukK rnogepxXHOCMU XMbIX08 rpou3800UIOCh C MOMOWbIO 3IEKMPOHHO20 MUKPOCKOMNa-
MukpoaHanuzamopa JXA-8230 ¢upmbl JEOL Ha 6a3eTOO «Hay4HbIlU UeHmp KOMMIO3UMHbIX
Mamepuanos», 2. Anmamsl. lNonydyeHue usobpaxeHul rpob ocywecmernsanoce npu ycKopsrowem
HanpsikeHuu 20 KB, moke anekmpoHHO20 ny4YKka MHO20 MeHbwe 1 HA u anepmypHbix duaghpazmax
Ne3 u 4. Takxe npoeodunu rasepHblli aHanu3 4Yacmuy puMeHsieMbiX Mamepuasog 00
HaHo4Yacmuy. Camoe merikoe pacripedesieHue Yacmuy y nodCcosiHeYHo20 Xmbixa (D10=3.177 um,
D50=6.403 um, D90=10.007 um, Dav=6.529 um), camoe KpyrnHoe — y JIbHSIHO20 XMbIXa
(D10=34,127 um, D50=61,243 um, D90=89.052 um, Dav=61,519 um). Lenbto uccrnedosaHul
SBMANOCL  YCMAaHOBIEHUE MUKPOCMPYKMYpPbl U aHanu3 4Yacmuy MaciluyHbIX XMbIX08 U
OanbHeliwee enusHUe Ha as3oeble rpespaweHuss U MmexHoroaudeckue cgolicmea
X11€606y104HbIX, KOHOUMEPCKUX U MaKapOHHbIX U30esud.

Knroyeeble crioea: Mac/iu4yHbIe XMbIXU, aHamnu3, 351eKmpoHHasi MUKPOCKOMUS, Na3epHbIl
aHarnu3s, HaHo4Yacmuupl.
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