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Ilpuoamnicmo 3epHa 01 NPOMUCTIOBOCHI XAPAKMEPUZYEMbCA AKICMIO 1020
AK CUpPOBUHU Ol nepepodxu. 3epno Kykypyosu eiopuodie JIKC 4685%x1390 i
IIP39558 mae supaosiceni ocobaueocmi pody ma copmy, 6iON08i0ac UMO2AM 3d
306HIUHIMU  2COMEMPULUHUMU  NOKAZHUKAMU, 00 €EMOM, NI0WEN 308HIUHbOL
no8epxHi, cehepuunicmio, NUMOMOIO i 00 EMHOIO MACOI0, 00 €EMOM NOBEPXHEBUX
wapie 3epHi6KU ma MAco80l0 4aCmKOW KPOXMANbHOI YACMUHU eHOOCNEPMY, U0
C8I0UUMb NPO 1020 NPUOAMHICIb OJis1 nepepoOKU.

Knwuoei cnosa: 3epro, Kykypyosa, copm, QisuKo-mexaniuni NOKA3HUKU, SKICMb.

Setting of the problem. Indicators of properties of grain can be divided into
two groups: properties peculiar to grain of the crop, as well as properties that vary
within the same crop. The technical process of grain processing should be
Improved towards obtaining maximum endosperm, increasing product yield of
highest grades and improving their quality [1-5].

Eligibility of grain for industry is characterized by its quality as a raw
material for recycling.

Analysis of recent studies and publications. Corn is one of the most
common crop plants in the world that surely dominated by the gross harvest of
grain. In recent years significantly increased rate of harvesting, storage and export
of corn, as well as requirements for quality. Corn is used as a universal culture [2,
5-7].

For grain, as a raw material for processing, its biometric characteristics, size
and uniformity of grain mass have the main technological importance [1, 6].

The shape and linear grain size influence the choice of sieves or separators as
well as the characteristics of shelling machines. In addition, the geometric
characteristics of the grain determines its density when forming the layer and
peculiarities of moving grain while transportation. Different from the average,
values of grain shape affect the porosity, the angle of repose and the angle of
friction. The larger geometric size of grain is, the greater the angle of slope is,
which has a positive effect on gravity feed of grains during transportation by
gravity pipes. Because of the complexity of the processes, many cereal mills are
characterized by a significant extent of processing grain products, which reaches a
few kilometres of machines and different mechanisms for average powered plants
[6, 8-10].
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That is why the study of physical and mechanical properties of grain has not
only theoretical but also practical meaning. Given that these properties vary
considerably depending on weather conditions, growing technologies and features
of varieties, it requires thorough study. In addition, physical and mechanical
characteristics of triticale grain have not been studied enough and thus it
determines the relevance of the study.

The aim of the research is to study the physical and mechanical properties
and quality of corn grain depending on weather conditions and properties of the
variety.

Research Methodology. Corn grain DKS 4685x1390 and PR9B58 varieties
were grown in the experimental field of the farm "Prolisok+" in Graniv village,
Haysyn district of Vinnitsa region.

The study was conducted during 2012-2015 in the Department of technology
of storage and grain processing of Uman National University of Horticulture and
on the production complex farm "Prolisok +" in Graniv village, Haysyn ditrict,
Vinnytsia region.

Linear dimensions were measured for the corn grain by the method described
by G. A. Egorov [4].

Grains volume (V) and an external surface area (F) were calculated by the
formulas:

V = keasbel, mm® (1)

where —a, b, £ are width, thickness and length of grain.

k — research coefficient (for corn k=0,50).

F = 1,12xa’+ 3,76xb? + 0,88x£%, mm?(2)

Peculiarity of grain form is evaluated by its sphericity, which is the ratio of
external surface area equivalent grain bullet (Fg,) for up to actual grain area (F):

Fsh
Y=, (3

Thus: Fg,= 4xmxi®; r = 0,62%x3/\/

Specific surface of grain was set by the ratio of the area of the outer surface
(F) to the volume of grains (V): FIV (4)

The volume of surface layers (Vs,) of grain was determined by the formula:

V.. = FxG, mm® (5)
where G is the thickness of tissue (for corn 0,065 mkm).
Mass fraction of starchy endosperm was calculated by the formula:
me= v-v,, x100-m,, % (6)
where m, is mass of a bud (for carn m, = 10%).
Specific gravity (density) of grain was determined by the formula:
p=m/iV, (7)

where mis mass of grain, g/cm®.

[4, 6, 8-10].

To determine the quality of the grain standard methods were used: sampling
[GOST 13586.3-83; GOST 24104-88]; determination of the color and smell
[GOST 10967-75]; contamination [GOST 13586.6-93; GOST 13586.4-83];
debris [GOST 30483-97]; humidity [GOST 13586.5-93]; nature (bulk density)
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[GOST 10840-64]; 1000 grain weight [GOST 10842-89]; glasslike structure
[GOST 10987-76].

Research results. The geometric characteristics of the grain determine its
density when forming layer (porosity) and features of the moving grain during
transportation. Because of the complexity of the processes cereal plants are
characterized by a significant extent of processing grain products, which reaches a
few kilometres of machines and various mechanisms (pneumatic pipes, elevators,
conveyors , etc.) for average powered plants [4, 6, 8-10].

10 average-sized grains of corn were selected and their size was measured.
According to the conducted measurements, indicators of geometric characteristics
of the grain vary rather greatly.

To characterize the geometric features of grain, it is not enough only to
specify linear dimensions. The value of volume, area, sphericity, specific surface
of grains, specific and bulk density that play an important role in moisturizing,
heating and cooling of the grain were determined by the average value of linear
dimensions of corn of varieties studied, as well as the volume of surface layers of
the grains and mass fraction of endosperm starch which characterize a possible
yield of cereals output from such grain (table. 1). The obtained values of physical
and mechanical indicators of corn (rable 1) are within the limits given in the
sources of literature [2, 5, 6, 7]. However, grains of corn of PR39B58 variety have
an elongated ellipse shape. So it length, width and thickness respectively by 13,9,
6,2 and 6,0 % higher average data sources relevant literature and by 11,4, 4,9,
7,0 % — the average values of length, width and thickness of corn DKS 4685%1390
variety. Grains of corn of PR39B58 variety grown in 2015 have the largest linear
dimensions, grains of DKS4685x1390 variety grown in 2012 have the smallest
dimensions.

1. Physical and mechanical properties of corn grain
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DKS 4685/2012 |10,30(7,60(4,50({176,10(0,65|234,20|1,30|15,22| 81,3 |1,20/ 0,74
X 2013 |10,70|7,80/4,80/200,30/0,66|252,10|1,26|16,39| 81,8 |1,19|0,75
1390 averagg10,50|7,70[4,65|188,20(0,65|243,15|1,28|15,80, 81,5 |1,20/ 0,74
2014 |11,90/7,90/4,60|216,20|0,63|274,07|1,27{17,81| 81,8 |1,18| 0,70
PR39B58 (2015 |11,80(8,30/5,40(264,44/0,60/309,33|1,17/20,11| 82,4 |1,14| 0,70
averagg11,85|8,10/5,00/240,32|0,61|291,70|1,22(18,96| 82,1 |1,16| 0,70

5,50-p,00-2,50-167,00-D,58-192,40-1,00-12,51- 78-90 1,16+0,68—
13,5011,501,50232,00/0,80/243,40/1,40|15,82 1,23| 0,82

10,20|7,60/4,70/180,40/0,68|228,00/1,10(14,82| 81,8 0,73

LSD 5% 0,56 |0,40/0,24| 10,70 |0,03| 13,37 |0,06| 0,88 | 4,09 |0,06| 0,04
Note. * —according to [2, 5, 6, 7]: above the line — the border; below the line — average.

According to
literature sources

98




Values of volume and area of the outer surface of corn grain of
DKS 4685x1390 and PR39B58 varieties exceed the average data of sources of
literature respectively 22—-25 % and 4-6 %.

The value of corn is spherical, slightly inferior average of literature sources
and made 0,60-0,66. It characterizes corn of DKS 4685x1390 and PR39B58
varieties as being elongated features.

Specific surface of grains was determined by the ratio F/V. This indicator is
extremely important in grain drying because it is responsible for the intensity of
the heat exchange and moisture diffusion in the grain. The value of this indicator
for corn is 1,17-1,30 and exceed the average literature data for this crop.

It is obvious that with decreasing grain size decreases ratio value of volume
and area of the outer surface; therefore, small grains should have a higher content
of shells and smaller content of the endosperm.

Furthermore, cereals and flour are obtained by means of endosperm and
coat, aleurone layer and embryo should be sent in by-products and waste. It is
therefore important to have information about the content in the grain endosperm
of the parties and the amount of surface layers of the grains to make a prediction
about the possible yield of the product.

By most calculations determined the largest mass fraction of starchy
endosperm in the grain of corn DKS 4685x1390 variety of 2013 and PR39B58
variety of 2014 at 81,8 % (rable 1).

More valuable is processing the grain of corn DKS 4685x1390 variety, since
it has a low volume of surface layers — 15,22-16,39 mm?®, while the PR39B58 —
17 % more.

The highest value of bulk density was determined in the grain of corn of
DKS 4685x1390 variety — 0,79 kg/dm?.

Specific gravity (density) of the grain as a whole describes chemical
composition, structure, fullness, hardness, strength, maturity of the grain and has a
great impact on productive properties. Starch and minerals have the highest
specific mass, therefore with the increase of their share density of grains increases,
and, conversely, increased protein and lipid lower the density of grain. The value
of this index (rable 1) of corn of DKS 4685x1390 variety — 1,20 g/cm®, which is
3 % higher than the average of the PR39B58 variety.

The quality of the finished product depends on the quality of raw materials.
Study of grain quality showed that the samples have smell and taste typical for
crop.

Technological properties of grain are a combination of features and
indicators of its quality which characterize the state of grain in processing and
production processes and affect the yield and quality of the product.

Table 2 present comparative characteristic of technological properties of corn
grain of the varieties studied. The grain of corn meet typical of confirming their
suitability for processing in the rump. Research results of studies of technological
grain quality indicators (table 2) showed that corn varieties studied meet the
quality standards. Thus, moisture of corn is 13,8-14,9 %, which is 0,1-1,2 % fewer
limits of humidity.
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2. Characteristics and quality standards of corn grain

The actual quality of corn grain

DKS 4685x1390 |  PR39B58 S | Permissible
Indicator year A | limits (DSTU
w .
2012|2013 a"irag 2014|2015 hveragd — | +°22:2008) [11]
Typical composition VIl tun 1 T - -V Trnm
Moisture, % 1481149 14,8 |14,8|13,8| 14,3 |0,73| not more 15,0
Grain impurities, %: | 35| 3,1 | 3,3 | 53| 53| 53 |0,22/ notmore 7,0
damaged grains 08|04 06 [09]09 | 09 (0,04 1,0
sprouted grains - 2,0

Waste impurities, %:| 14| 11| 13 | 19|16 | 1,8 |0,08/ notmore 2,0

spoiled grains 0805 07 |07]06 | 06 |003 notmorel0
mineral - 01| 0,05 | - - - 0,3
harmful - 01| 0,05 | - - - 0,2
Contamination by iﬂ?; d?jlilgcv)\:]e?o
pests, units of live not found - it inf .
specimens mite infestation
level 1
g\r’;'gshtg"f 1000 214,8/240,4| 227.6 |255.,1/301,4| 278,3 12,65 210-360"
Nature, g/l 737 | 746 | 740 | 700 | 700 | 700 B6,00 680-820

Note. * — according to literature sources [2, 5, 6, 7].

Content compliance of impurities with grain quality standards demonstrates
its thorough cleaning. The total content of waste impurities in the grain of corn
DKS 4685x1390 variety and PR39B58 is 35 and 10 % lower than minimum
standards, while spoiled grains — 30 and 40 % respectively. In turn, the grain
impurities content in the corn grain of indicated varieties, on average during the
years of research is 3,3 and 5,3 %, and damaged grains — 0,6 and 0,9 %
respectively, which are included in the permissible limits.

In the grain of corn PR39B58 variety not was found sprouted grains and
minerals and harmful. In turn, in the grain of corn DKS 4685x1390 variety of 2013
defined by 0,1 % mineral and harmful that are within tolerance.

In the specimens studied no pests were found.

With the increase of vitrescence of grain there is a higher protein content and
better technological properties. Yield of cereals and flour from with high
vitrescence is larger. Samples of the grain investigated had floury endosperm with
vitrescence of corn grain is 30 %.

Weight of 1000 grains of corn of PR39B58 variety was 278,3 g (advantage
of grain of 2015 harvest) on average during the years of the research which is more
than in grains of DKS 4685x1390 variety by 50,7 g (advantage of grain of 2013
harvest). Grain-unit of corn grain was 700-750 g/I.

Conclusion. Thus, comparing the geometric parameters of corn it was found
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that grain of DKS 4685%x1390 and PR39B58 varieties have the elongated shape.
Large linear dimensions are found in the corn grain of PR39B58 variety.

There was a tendency of changes in the geometric characteristics of the grain
of the varieties studied under the influence of weather conditions of the year of
study. Significant difference in physical indicators of grains of different growing
years was recorded in the corn grain of DKS 4685x1390 variety in terms of
thickness, volume, area of the outer surface; PR39B58 — thickness, volume, area of
the outer surface, volume of surface layers.

Corn grain of DKS 4685x1390 and PR39B58 varieties has marked
peculiarities of type and variety, meets the requirements in terms of external
geometric parameters, volume, area of the outer surface, sphericity, specific and
volume weight, volume of surface layers of grains and mass fraction of endosperm
starch, indicating its suitability for processing.

Technological properties of corn grain are high enough. Grain moisture,
content of waste and grain impuritiess are within acceptable standards.
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Ocoxuna H.M., Kocmeukasa E.B., I'epaceimuy k O.1I1., Eeuyk A.B.
Du3ukKo-mexanuyecKue u KauecmeeHHvle NOKa3amesnu 3epHa KyKypy3ol

Uccneoosanue nposedeno 6 meuenue 2012-2015 ee. na xagheope mexnonoeuu xpanenus u
nepepabomku 3epua Ymauckoco HYC u npoussodcmeenHom Komniekce Gepmepcrozo
xozaucmea "lIponrucox+" 6 c. I panos [ aticuncrkoeo pationa Bunnuyxoti obnacmu.

Lenv uccneoosanuss — usyuerue QuU3UKO-MeXAHUYECKUX U KAYECMBEHHbIX C8OUCME 3epHa
KVKYPY3bl 8 3A8UCUMOCTIU OM YCLO8ULL HO200bl U 0COOeHHOCmell copma.

IIpucoonocmo 3epHa 07151 NPOMBIUIEHHOCINU XAPAKMEPUIYEMCSl KAYeCMBOM €20 KK Cblpbsl
ons nepepabomku. Cpagnugas ceomempuyecKue napamempnvl 3epHa KyKypy3bl OnpeoeieHo, 4mo
3epno eubpuoos JIKC 4685 x 1390 u [IP39558 umeem yonunennyio ¢popmy. borvuue nunetinvie
pasmepul onpeoenienvl 8 3epre Kykypysvl euopuda IIP39658.

3epno  kykypyser eubpuoos JKC 4685%x1390 u IIP39558 umeem evipadsicenHvle
ocobenHocmu pooa u copma, COOmMeemcmeyenm mpebo8aHusM No GHEULHUM 2eOMEeMPUYECKUMU
nokazamensimu, 00bEMOM, NIOWAObIO GHEWHel NOBEPXHOCMU, CHEPUUHOCMbBIO, YOETbHOU U
00beMHOU Maccou, 00beMOM NOBEPXHOCMHBIX Cll0€8 3ePHA U MACCO80U 00Jel KPAXMAalbHOU
yacmu 3H00CnepMd, Ymo ceUOemenrbCmeayen 0 e20 NPU2oOHOCmu 0Jis nepepabomii.

Habnwooanace menoenyus usmenenus 2eoMempuieckux Xapaxmepucmux 3epHa cubpuoos,
YUMo u3yuaIu noo GIUAHUEM NO2OOHBIX YCI08Ull 200a ucciredosanus. CyujeCmeenHyo pasHuyy no
Qusuueckum nokasamensam 3epHa pasHslx Jiem GblpauuBanusl 3aUKCUpPoO8ano 8 3epHe KyKypy3ol
euopuoa JIKC 4685x%1390 no eeruuune monwumnsi, oo6vema, niowadu HeuHel nOBepPXHOCMU,
IIP39558 — moawunsl, ob6vema, niowaou eHeuiHell NoBepXHOCmU U 00beMa NOB8EPXHOCMHBIX
cloes 3epHa.

Texnonoeuueckue c8olicmea 3epHa KyKypy3bl 00CMAMOYHO GblcOKU. Bnadxchocms 3epha,
cooepoicanue npumecel Hax00amcs 8 npedenax OOnYCMUMbIX HOPM.

Knrouegwie cnosa: 3epro, Kykypysa, copm, usuxo-mexanuveckue noxazamein, Ka4ecmeo.
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Annotation

Osokina N.M., Kostetska K.V., Gerasymchuk O.P., Yevchuk Y.V.
Physical and mechanical properties and quality indicator of corn

The study was conducted during 2012-2015 in the Department of technology of storage
and grain processing of Uman National University of Horticulture and on the production
complex farm "Prolisok +" in Graniv village, Haysyn ditrict, Vinnytsia region.

The aim of the research is to study the physical and mechanical properties and quality of
corn grain depending on weather conditions and properties of the variety.

Eligibility of grain for industry is characterized by its quality as a raw material for
recycling. Comparing the geometric parameters of corn it was found that grain of
DKS 4685 <1390 and PR39B58 varieties have the elongated shape. Large linear dimensions are
found in the corn grain of PR39B58 variety.

Corn grain of DKS 4685 %1390 and PR39B58 varieties has marked peculiarities of type
and variety, meets the requirements in terms of external geometric parameters, volume, area of
the outer surface, sphericity, specific and volume weight, volume of surface layers of grains and
mass fraction of endosperm starch, indicating its suitability for processing.

There was a tendency of changes in the geometric characteristics of the grain of the
varieties studied under the influence of weather conditions of the year of study. Significant
difference in physical indicators of grains of different growing years was recorded in the corn
grain of DKS 4685x1390 variety in terms of thickness, volume, area of the outer surface;
PR39B58 — thickness, volume, area of the outer surface, volume of surface layers.

Technological properties of corn grain are high enough. Grain moisture, content of waste
and grain impuritiess are within acceptable standards.

Key words: grain, corn, variety, physical and mechanical properties, quality.
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BMICT TA BAJIAHC MIKPOEJIEMEHTIB I BAJXKKUX METAJIIB Y
TPYHTI ICJISI TPUBAJIOTO 3BACTOCYBAHHS JIOBPUB
Y INOJILOBIN CIBO3MIHI

I'.'M. I'ocniogapeHKo, JOKTOP CIbCHKOTOCMOAAPCHKUX HAYK
L.B. IIpokonuyk, KAHAUAAT CUILCHKOTOCIOAAPCHKUX HAYK
10.1. KpuBaa, acunipanrt

YMaHCbKHH HAIOHAJILHUM YHIBEPCUTET CAJAiBHUITBA

Hageodeno pesynomamu oocniodcenv 3MiHU 8MICMY PYXOMUX CHOJYK
MiKpoeneMenmie — ma — 8AMCKUX  Memanié )y  YOPHO3eMi  ONi03071eHOMY
BANCKOCY2NUHKOBOM) 3d PIZHUX 003 000pus i cucmem YOOOpeHHs 8 NONbOSill
cieosmini. Ha ocnosi Oanux mpueanoeo cmayioHapHo2o 00Caidy i HA OCHOBL
pe3ynrbmamié  00CNIONCeHb BUABIEHO, W0 GHEeCeHHsT 000pu8 3MIHIOE 6Micm
MIKpoenemeHmis i 8adckux memanie y Ipyumi. Pospaxynox ymosenoco 6Oanaucy
noKasas, wo nepesaddcHoi Oinbuwocmi Mikpoelememie 6iH € Oe@iyumHuM.
O6tpyHmosano O0oYinbHiCMb 3ACMOCY8AHH HEMOBAPHOI YACMUHU 8POAHCAI0 5K
000amK06020 0xcepena MiKpoeiemeHmia 0jisi POCIUH

Knwuoei cnoea. mikpoenemenmu, 6adcKi Memanu, YMOBHUU OAQNAHC,
MiHepanvbHi 006pusa, opeaniuHi 00opusa, mpusane 3acmocy8anHs 00Opus.
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