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PHYSICAL AND MECHANICAL PROPERTIES AND
QUALITY INDICATOR OF BARLEY

Abstract. The study has been conducted during 2011-2015 in the Department of Technology of storage and grain processing
of Uman National University of Horticulture and on the production complex farm «Prolisok+» in the village of Graniv, Haysyn
ditrict, Vinnytsia region. The aim of the research is to study the physical and mechanical properties and quality of barley grain
depending on weather conditions and properties of the variety.

Studies of eligibility of certain varieties of barley grain for the use in the processing industry is new.

Barley grain of Zvershennya, Komandor and Svagor 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 barley grain of Zvershennya variety in terms of external surface area, specific surface and volume of surface
layers; Komandor - thickness, volume and specific surface; Svagor — volume.

Large linear dimensions are found in the barley grain of Svagor variety.

Keywords: grain, barley, variety, physical and mechanical properties, quality.

H. M. OcokiHa

OOKTOP CiflbCbKOrocnoAapcbkux Hayk, npodecop kadeapun TexHonorii 36epiraHHsa i nepepobku 3epHa

YMaHCbKUI HauioHanbHUI YHIBEPCUTET CaiiBHULTBA

K. B. KocTeubka

KaHAWAAT CiNbCbKOrocnoaapcbknx Hayk, AOUeHT Kadeapu TexHonorii 36epiraHHsa i nepepobku 3epHa

YMaHCbKUI HauioHaNbHUI YHIBEPCUTET CaiiBHULUTBA

DPIZSNKO-MEXAHIYHI TA AKICHI NOKA3HUKW 3EPHA AYMMEHIO

AHoTayia. [ocnigkeHHs npoBegeHo Bripogosx 2011-2015 pp. Ha kageapi TexHosorii 36epiraHHs1 i nepepobku 3epHa
YmaHcbkoro HYC ta BUpo6HMYOMY KOMIIEKCI hepmepcbkoro rocriogapcrea «llposicok+» B C. [paHiB [@icCMHCbKOro parioHy
BiHHMUbKOI 0671aCTi.

MeTta gocnigxeHHs1 — BUBYEHHSI (Pi3NKO-MEXAHIYHMX Ta SIKICHUX B/1aCTUBOCTEN 3epHa SIYMEHKO 3aJIEXHO Bifd MOrogHuUX yMoB i
ocobmBocTel copTy.

JlocnigxeHHs npuaaTtHOCTI 3epHa SIYMEHIO MEBHMUX COPTIB AJ19 BUKOPUCTAHHS B 1epepobHIki npoMUC/I0BOCTI € HOBUM.

3epHo s4YMeHK copTiB 3BeplueHHs, KomaHaop 1a CBarop Mae BupaxeHi 0cob/MBOCTI pody Ta COpTy, BigrnoBigae BUMOram
38 30BHILLIHIMW r€OMETPUYHNUMU MMOKA3HMKaMM, 06°€EMOM, M/I0LE0 30BHILLHbOI MOBEPXHI, COEPUYHICTIO, MUTOMOK | 06'EMHOIO
Macor, 06’eMOM MOBEPXHEBUX LIAPIB 3EPHIBKN Ta MacoBOK YacTKOK KPOXMasabHOI YaCTUHW €HAO0CrePMY, O CBIAYUTL PO
vioro npuAaaTHICTb 4715 nepepobKu.

Crioctepiranacb TeHAEHLIs 3MIHU r€OMETPUYHUX XapaKTEPUCTMK 3€pHAa SYMEHIO COPTIB, L0 BMBYAIN M4 BIANBOM MOroOAHUX
YMOB DPOKY AOC/IAXEHHS. ICTOTHY pi3HMLIO 3a Di3NYHUMU MOKA3HUKaMMU 3epHa PIi3HUX POKIB BUPOLYYBaHHS 3agikcoBaHO B
3€pHIi SYMEHIO COPTY 3BEPLUEHHS 3@ BE/INYMNHOIO M/10LLYi 30BHILLIHLOI MOBEPXHI, MMTOMOI MOBEPXHI ¥ 06’€EMy MOBEPXHEBUX LUAPIB
3epHiBku; KomMaHgop — TOBLUMHM, 06°eMy, nuToMOi noBepxHi; CBarop — 06’emy.

BinbLwi AiHIMHI pO3Mipy BU3Ha4YeHo B 3epHi siUMeHto copTy Carop.

Knro4oBi cnoBa: 3epHo, 54MiHb, COPT, (i3NKO-MexaHi4YHi B1aCTUBOCTI, SIKICTb.

H. M. OcokuHa

OOKTOpP CeNbCKOXO03AMCTBEHHbIX HayK, npodeccop kadeapbl TEXHONOMMU XpaHeHUsa 1 nepepaboTkun 3epHa

YMaHCKNIN HauMoHanbHbIN YHUBEPCUTET CaA0BOACTBA

E. B. Kocteukas

KaHANAAT CeNbCKOXO35MCTBEHHbIX HayK, AOLEHT kadeapbl TEXHONOMMM XpaHeHUsa 1 nepepaboTkn 3epHa

YMaHCKMIN HaunoHanbHbIN YHUBEPCUTET CaA0BOACTBA

OU3BNKO-MEXAHUYECKUME N KAYECTBEHHDIE NMOKA3ATEJIN 3EPHA AMMEHA

AHHOTaywms. ViccnegoBaHue npoBegeHo B TeyeHne 2011-2015 rr. Ha kageape TeEXHOI0run XpaHeHus u rnepepaboTku 3epHa
YmaHckoro HYC n rnpon3BoACTBEHHOM KOMII/IEKCE (hepMepCKOoro xo3sicrea «l1poancok+» B €. [paHoB [AaNCMHCKOro pamoHa
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NMEPBUHHA OBPOBKA NMPOAYKTIB POC/INHHULUTBA

BuHHMUKOM obnactun. Llenb nccrnenoBaHns — U3yyeHne U3NMKO-MEXAGHUYECKUX M KaYeCTBEHHbIX CBOKCTB 3€pHa SIYMEHS B
3aBUCUMOCTHU OT yC/I0BUMI MOroAbl 1 0COGEHHOCTeN copTa.

UccnenosaHme npuro4HOCTY 3epHa S4MEHS ONpPEAESIEHHbIX COPTOB AJ151 UCMO/Ib30BaHMs1 B iepepabatbiBatoLL el MPOMbILLIEHOCTHU
SABJ/ISIETCS HOBbIM.

3epHo aumeHs copToB CBeplueHue, KomaHaop mn CBarop MMEET BblpaXKeHHble 0COOEHHOCTM poJa M copTa, COOTBETCTBYET
TpeboBaHUsIM Mo BHELUHUM reOMETPUYECKMMU [10Ka3aTesisiMm, 06bEMOM, MI0LEAbI0 BHELUHEN MOBEPXHOCTH, CHEPUYHOCTHIO,
yA€e/1bHOM 1 06bEMHOM Maccori, 06beMOM MOBEPXHOCTHLIX C/I0EB 3€PHOBKU M MaCCOBOM A0J1€H KpaxmasibHOM 4acTu SHAO0Cepma,
4YTO CBUAETE/ILCTBYET O ero NpuroaHoCTH A/18 nepepaboTky.

Habnwoaanacb TeHAEHUNST U3MEHEHNST FEOMETPUYECKUX XapPaKTEPUCTUK 3€pHa SIYMEHSI COPTOB, YTO U3y4dasu o4 BIIMSIHUEM
roroAHbIX ycaoBui roga wuccnegosarHusi. CyLECTBEHHYIO pPasHuLUy 110 (GU3NYECKMM [10Ka3aTessiM 3epHa pasHbIX JeT
BbIpalynBaHns 3a@uKCcUpoBaHo B 3epHe s4YMeHsi copTa CoBeplueHue [0 Be/MYUHE [/10aan BHELIHEHN [M0BEPXHOCTH,
yA€/IbHOM MOBEPXHOCTU M 06bEMAa MOBEPXHOCTHLIX C/1I0€B 3€pHOBKM,; KOMaHAOp — TO/LMHbI, 06beMa, yAE/IbHOM MOBEPXHOCTHU,;

CBarop - obbema.

Bonblune nuHeliHble pa3Mepbl OnpeaesieHbl B 3epHe siuMeHsi copta CBarop.
KnroueBbie c/10Ba: 3epHo, SIYMEHb, COPT, PU3NKO-MEXaHUYECKME MOKA3aTe/M, Ka4yecTBo.

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].

Studies of eligibility of certain varieties of grain for use
in the processing industry is new. In addition, there are
no recommendations for triticale grain production for the
moment. Eligibility of grain for industry is characterized by
its quality as a raw material for recycling.

Analysis of recent studies and publications. Barley -
one of the oldest cultures. In Ukraine barley grown four to
five thousand years BC. Barley is widely used by man for
food, feed and industrial purposes [6, 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 and flour 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].

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 barley grain depending
on weather conditions and properties of the variety.

Research Methodology. Barley grain of Zvershennya
and Komandor varieties were grown on the experimental
field of educational research and production department
of Uman National University of Horticulture, while barley
of Svagor variety was grown in the experimental field of
the farm «Prolisok+» in Graniv village, Haysyn district of
Vinnitsa region.

The study was conducted during 2011-2015 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 grain of barley
by the method described by G. A. Egorov [4].

Grains volume (V) and an external surface area (F) were
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calculated by the formulas:
V = keaebel, mm? (1)

where - a, b, { are width, thickness and length of grain.
k - research coefficient (for barley k=0,58).

F=1,12xa2 + 3,76xb2 + 0,88x{2, mm? (2)

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

W=, (3)

Thus: F, = 4xaxr?; r = 0,62x3/v
Specific surface of grain was set by the ratio of the area
of the outer surface (F) to the volume of grains (V):

F/V (4)

The volume of surface layers (V. ) of grain was
determined by the formula:

V., =FxG, mm? (5)

where G - the thickness of tissue (for barley 0,085
mkm).

Mass fraction of starchy endosperm was calculated by
the formula:

m, = V-V x100-m,, % (6)

where m, - mass of a bud (for barley m, = 2,5%).

Specific gravity (density) of grain was determined by the
formula:

p=m/N, (7)

where m is mass of grain, g/cm?. [3, 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) [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 [8-10].

10 average-sized grains of barley 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
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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 barley 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 wheat and triticale (table 1) are within the limits given in
the sources of literature [2, 5, 6, 7]. The grains of barley
variety of Zvershennya averages linear dimensions almost
coincided with the corresponding average values of literature
sources. However, the grains of barley of Komandor, the
average for the years of research, the width and thickness
of the grains is 0,1 mm larger, and the length is 0,3 mm less
than the corresponding mean values from literature sources
slight advantage grown in 2014.

In turn, the grains of variety of Svagor the length, width,
thickness were respectively 9,6, 3,4, 3,0 mm, an increase
of 10-26% of the corresponding mean values of sources
and literature at 13-23% and 8-30% average data the
grains of barley of Commandor and Zvershennya varieties
respectively.

For grains of barley of Svagor variety value and volume
of external surface area accounted for 49,9 mm3 and 129,1
mm?2 respectively, more average values of literature sources
respectively 1,9 and 1,4 times.

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 barley is - 2,56-4,20 and exceed the average literature
data for corresponding crops except barley of Komandor and
Svagor varieties

all the years of study (table 1).

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

Furthermore, cereals are obtained by means of endo-
sperm 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.

It is estimated that in the barley variety Zvershennya
63,3% starch of the endosperm, while in grades Komandor
and Svagor to 6-12% more.

The volume of surface layers of grains of barley during
the years of study varied within 7,62-11,08 mm3 (Table
1). Among the varieties studied, grains of Svagor variety
(10,87-11,08 mm3) had the highest figure and Komandor
variety had the lowest figure (30% less).

The highest value of bulk density was determined in the
grain of barley of Svagor variety -0,64 kg/dm2.

Specific gravity (density) of the grain as a whole descri-
bes 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 pro-
tein and lipid lower the density of grain. The highest value
of specific gravity was determined in the grain of barley
of Komandor variety — 1,30 g/cm3, while for Zvershennya
and Svagor varieties - 1,5 and 14,6% less, respectively
(table 1).

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 crops.

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 barley grain, of the varieties studied.

Determined that the value of barley grain humidity 6-10%
less than the allowable upper limit. Total waste impurities
content in the grain barley varieties Achievements matches
the permissible limit, and barley varieties Commander and
less Svahor admission rules 35 and 25% respectively. In
turn, admixture grain barley varieties accomplishments, and
Commander Svahor, average years of research, is 2,5, 3,3
and 2,8%, part of the permissible limits. Content compliance
standards of quality grain impurities evidence of a thorough
cleaning.

Weight of 1000 grains of barley varieties Commander
was 32,6-37,6 g (with preferred grain in 2014), while class

Table 1
Physical and mechanical properties of barley grain
Size, mm g [} ~ >
- (§) [ c - = ~
-] E S |-8 | &8> |55, |82E |3+, | 2
3% > © = o = O~ > 2oL N>°"z ? o
~| | «| SE E | eCE| 3% | eBE |28 | 025 | cE
Variety Year £ < a > E 2 oY E of | EoS|EST S| 02| &2
215 | E| 25| 2 |EEw| £ |g8 |80t Egal| =2
2| 3|2 ® s | Y5 89 | >L>|8%5 22 E
£ ® n 7] (%Ha 2 = (l’:). ]
2011 89126 | 21 24,3 0,43 93,8 3,86 7,97 64,7 1,29 0,62
Zvershennya | 2012 | 8,8 |26 | 2,1 | 24,1 0,44 | 101,1 4,20 8,59 61,8 1,28 0,61
average | 8,8 | 2,6 | 2,1 | 24,2 0,43 97,5 4,03 8,28 63,3 1,28 0,61
2013 [ 8,426 |23 251 0,46 89,6 3,57 7,62 67,2 1,30 0,63
2014 | 8,428 25]| 29,4 0,47 90,9 3,09 7,73 71,2 1,28 0,62
Komandor
2015 84128 24 28,2 0,48 92,5 3,28 7,86 69,6 1,31 0,64
average | 8,4 | 2,7 | 2,4 27,6 0,47 91,0 3,30 7,74 69,3 1,30 0,63
2014 9,7 | 3,51 3,0 50,9 0,52 130,3 2,56 11,08 75,7 1,10 0,64
Svagor 2015 [ 9,6 | 3,4 |3,0]| 48,9 0,50 | 127,9 2,62 10,87 75,3 1,12 0,65
average | 9,6 | 3,4 | 3,0 | 49,9 0,51 | 129,1 2,59 10,98 75,5 1,11 0,64
] ] 7,0-2,0-11,7-| 12,0- 58,5- 4,97- 62-69 1,13- | 0,54-
According to literature | 10.0] 3,0 | 3,0 [ 45,0 . 131,9 . 11,21 - 1,28 0,70
r
sources 87 | 26|23 | 260 | 045 | 941 | 3,62 | 8,00 67,0 - ;
LSD 5% 0,4510,15|0,13| 1,70 0,03 5,30 0,16 0,45 3,81 0,06 0,03
Note. * - according to [5-7]: above the line - the border; below the line - average.
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Table 2
Characteristics and quality standards of barley grain
The actual quality grade
Zvershennya Komandor Svagor
Perm(lis::llaa:zsl;mlts year n.,g
Indicator (DSTU 3769-98) o o o | §
[11] | S|l e|3|2|lF|3|alcF
o o o o o o ] o o o
(] (] > (] (] (] > (] (] >
© © ©
Moisture, % not more 14,5 13,4 | 13,8 13,6 | 13,0 | 13,0 | 13,5 13,2 | 12,6 | 13,6 | 13,1 | 0,66
Waste impurities, %: not more 2,0 2,0 2,1 2,0 1,1 1,3 1,6 1,3 1,9 1,1 1,5 | 0,08
- mineral admixture not more 0,3 -
Grain impurities, % not more 7,0 28 | 222534 [35]3033]28]28(28]015
Contamination by not allowed in
pests, units of live addition to mite not found
specimens infestation level 1
Nature, g/I no less 600 615 | 606 | 610 | 630 | 624 | 640 | 631 | 635 | 645 | 640 |31,80
Weight _cox
of 1000 grains, g 20-55 31,3|30,8|31,1|326|376]|369|354]|548]|548]|548]| 202

Note. * - according to literature sources [5-7].

achievements - 30,8-31,3 g (with preferred grain in 2011),
in its all for variety Svahor this figure corresponded to 54,8 g
(30-40% and 43-44% more than corn varieties Commander
and Achievements respectively). Nature is indicated barley
varieties was 606-645 g/I.

Barley does not apply to crops hulled because
determination of films for the culture is not mandatory
standards and is not standardized. However, we found that
plivchastist barley is 10,9-12,2%, which corresponds to the
source literature (10-13%) [6, 7].

In the specimens studied no pests were found.

Conclusion. Thus, comparing the geometric parameters
of barley it was found that grain of Zvershennya variety
has the most elongated shape and grain of Svagor variety
has prevailing linear dimensions. It should be used while
preparation of grain for processing as well as the selection
of sieves, machines and speed of rotation of their working
bodies.

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 barley grain
of Zvershennya variety in terms of external surface area,
specific surface and volume of surface layers; Komandor -
thickness, volume and specific surface; Svagor - volume.

Large linear dimensions are found in the barley grain of
Svagor variety.

Barley grain of Zvershennya, Komandor and Svagor
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.
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