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CHANGE OF STRESS CRACK IN CORN KERNEL
DURING ITS PREPARATION FOR PROCESSING

Abstract

The article presents the results of the study of the influence of stress crack in corn kernel on the change of its mechanical
properties, namely, on the strength of kernel and its ability to grind during the technological process of preparation for processing.
The research was conducted at the Dnipro Food Concentrates Plant.

1t is established that percentage of damage, i.e. grain impurities and foreign material (impurities), when receiving grain at
the production elevator is within the norms of State standards of Ukraine (DSTU 4525:2006) — up to 7 % and not more than 1.0 %,
respectively. But in the process of grain transportation this index is increasing. The maximum level of grain impurities (9.1 %) in
corn grain can be observed before its preliminary cleaning on the separator BSH-100, then this indicator decreases significantly to
1.8 % in the cleaned grain, but then increases again in the technological process. Moreover, before sending grain into the
degerminator the level totals 4.8 % - almost as much as when receiving grain from vehicles. One can say the same regarding the
level of foreign material. Its minimum amount in the grain after pre-cleaning (0.5 %), and the maximum — at the end of the cleaning
stage (7.4 %), which is much more than when receiving grain.

The increase in the amount of broken grain (including that relating to impurities) in the technological process is accompa-
nied by higher number of stress cracks in the corn kernel. During receiving, the studied grain has already had a high stress crack —
68 %. At the same time, there was more corn kernel with one crack (41 %). After transportation by a belt conveyor and the main
high-performance bucket elevator, although the total stress crack increased not significantly —up to 75 %, but there were changes in
the number of cracks: the number of kernels with one crack decreased to 22 %, but the number of kernels with many (three or more)
cracks increased from 8 to 33 %, respectively. During further transportation and processing of corn kernel, the stress crack in-
creased to a maximum value of 78 % (before separation on SAD-10-01), and then decreased to 72 % in the grain entering the
degerminator.

1t is established that the decrease in corn kernel strength is influenced by both the total stress crack and its nature, i.e. the
number of stress cracks in each kernel. The maximum required force for the corn kernel damage was observed exactly for grain en-
tering the intake pit — 3.6 kg / 50 kernels. Here you can find more corn kernels stressed by only one crack (single) — 41 % or without
cracks — 32 %. And the minimum effort — 3,0 kg / 50 kernels - for cleaned grain after conveyor and elevator No. 1, where the share of
kernels with multiple stress crack (3 or more cracks) totaled 43 % (only 22 % of kernels were without cracks). A high inverse corre-
lation of -0.84 was established between the number of stressed kernels with three or more cracks and the effort to break corn kernel.

Based on research, it is recommended to use the index of stress crack in corn kernel to assess its quality when accepted for
further processing, as this indicator is directly related to the yield of finished products.
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Introduction amount of broken grain (up to 5-20 %) [1].
Today, corn grain ranks first in the gross grain Increased volumes of corn production cause
crop. So, the study of its mechanical properties and the higher operating modes of harvesting and post-harvest
factors that determine them, as well as changes in the processing. In addition, the drying of grain at high tem-
properties of grain during storage, transportation, pro- peratures can reduce specific energy consumption by 15-
cessing, is relevant. 20%, so it is widely used in practice. At the same time,
Mykola Kyrpa's research established that there due to rapid moisture evaporation, the percentage of
is too great loss of corn grain in the process of its storage stressed kernel increases to 70-80 %. As a result, its
in the wet state, during drying, cleaning, placement, vari- strength decreases and the content of broken grain in-
ous conditioning, storage in the post-harvesting period. creases during its movement, loading and unloading.
At the stage of harvesting and post-harvest processing of You should also take into account the different
wet grain, the losses are approximately 14-20 %, depend- moisture-yielding ability of different types of corn —
ing on the technology and material and technical base; dent, flint, sweet, in the drying process. Sweet and dent
for dry grain — 3.4-6.9 % [1]. corn give off moisture faster than flint. As a result, they
The level of grain damage, foreign grain and are less damaged during drying, their stress crack is 18-
foreign material, in the process of harvesting corn de- 40% less. Therefore, it is recommended to use milder
pends on many factors, such as the method of harvesting drying regimes for grain of high humidity and early
and grain moisture, the state of sowing and harvesting forms of ripeness of flint type of corn [1, 2].
equipment, varietal characteristics of the hybrid. In most Thus, corn kernel, due to its hardness and glassy

cases, when harvesting cob corn, the total percentage of nature, is characterized by high stress crack, which cer-
grain damage (mechanical and thermal) does not exceed tainly affects its structural and mechanical properties [1,

15-17 %, depending on the moisture and the botanical 3-5]. Therefore, it is easy to assume that in the process of
group of corn. When harvesting corn kernel the damage grain receiving, drying, transportation, cleaning, the con-
significantly increases (up to 60 %), there is a significant tent of fine kernels in the grain mass of corn increases,
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but this assumption is still not sufficiently studied.

Materials and methods

In order to study the change in the content of
broken grain and its stress crack at different stages of the
technological process of its acceptance, storage and
cleaning, they run the analysis of its mechanical proper-
ties at the Dnipro plant of food concentrates. For analy-
sis, they took the samples of corn grain at the characteris-
tic "critical" points of the technological schemes of the
elevator and groats mill: 1 — Grain entering the intake pit;
2 — Grain after the belt conveyor; 3 — Grain after bucket
elevator Ne 1 (el.); 4 — Cleaned grain after the separator
BSH-100; 5 — Cleaned grain after bucket elevator Ne4
(el.) and scales; 6 — Cleaned grain after conveyor and
bucket elevator Ne 1 (mill); 9 — Main grain before
degerminator.

During the testing, the corn grain of type V was
processed: semi-dent yellow (yellow or orange color; the
shape is transitional from dent to flint with a slightly de-
pressed kernel tip or without indentation/depression).
The analysis of quality indicators (grain impurities, for-
eign material), distribution by size fractions was per-
formed in accordance with DSTU 4525:2006 [6] and
GOST 30483-97 [7]. The sieves with holes @ 8.0; 4.5
and 2.5 mm were selected for this analysis: the sieves
@ 8.0 mm and @ 4.5 mm received the fraction of the
main corn grain — large and small kernel, respectively,
and @ 4.5 mm — broken and wrinkled corn kernel (except
for other foreign grain and material).

Corn stress crack was determined according to
the USDA method [8]. 100 whole kernels were selected
from the samples, which have no visible damage. Each
corn kernel was examined for cracks. All stressed kernels
were divided into 3 groups: kernel with one stress crack;
with double stress cracks; with multiple stress cracks
(Figure 1).

In order to determine the effect of stress crack
on the reduction of kernel strength, they measured kernel
breaking force using a breaking machine with a maxi-
mum load of 50 kg. For inspecting, they took whole
grains in a row from the general weighing batch (without
determining the stress crack percentage) in the amount of
50 pcs. and crushed on a bursting machine with a con-
stant loading speed.

Results and discussion
The Table 1 and Figure 1 shows the
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Fig. 1 — Corn kernel:
A — kernel without cracks; B — kernel with double stress
cracks; C — kernel with multiple stress cracks
(three or more)

level totals 4.8 % — almost as much as when receiving
grain from vehicles (this does not apply to individual
fractions of products 7 and 8, which after their separate
processing are combined before being sent to the
degerminator).

The same applies to the level of foreign material.
Its minimum amount in the grain is after pre-cleaning
(0.5 %), and the maximum — at the end of the cleaning
stage (7.4 %), which is much more than when receiving
grain. The largest increase in foreign material is observed
after grain fractionation in the pneumatic separator SAD-
10-01 due to damage of lighter corn kernels. The total
number of damaged kernels (together mainly in the basic
grain and foreign grain) in the light fraction (trays 3 and
4) reaches a maximum value of 87.7 %, on the contrary,
for the heavier fraction — a minimum value of 22.4 %.

The increase in the number of broken kernels in

the technological process is accompanied by an increase
in the number of stress cracks in the corn kernel (Figure
3). The inspected grain already had a high stress crack
percentage when receiving to plant — 68 %, which is ob-
viously due to suboptimal modes during its harvesting
and post-harvest processing. At the same time, the largest
share accounted for corn kernel with single stress crack
(41 %). After transportation by a belt conveyor and the
main high-performance bucket elevator, the total stress

Table 1 — Indicators of corn kernel quality at different
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. : stages of the technological process
results of the analysis of corn kernel quality - o - -
indicators at different stages of the technologi- || Sample Basic graim, %o ~ Grain Foreign
cal process. No. total | 12ree fine impurities, || material,
The data show that the amount of —/08.0 | 98.0/04.5 % %

grain impurities and foreign material when [ | 95.1 72.0 231 4.3 0.6
fe,ct;i.ViftlE grain at fgsl%rl‘}drs";isogoeolgVat"f tis 2 941 | 69.0 25.1 5.1 0.8
within the norms o : —up to
7 % and not more than 1.0 %, respectively. 3 88.6 73.6 150 2.1 23
But in the process of grain transportation they 4 97.9 794 18.5 1.6 0.5
increase. The maximum level of grain impuri- | 5 97.0 77.8 19.2 1.8 1.2
ties (9.1 %) in corn grain is observed before its | g 93.7 72.9 20.8 4.6 1.7
preliminary cleaning on the separator B3I [7 978 | 858 12.0 0.8 14

» hen 1t signtticantly deereases 1o 7.6 7o g 484 | 104 38.0 20.3 313
the cleaned grain, but then increases again in
the process, and before the degerminator this 9 87.8 70.4 174 4.8 7.4

1 5 http://grain-feed.onaft.edu.ua
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Fig. 2 — The number of broken kernels by fractions in corn kernel at different stages of the technological process:
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Fig. 3 — Stress crack percentage of basic grain at different stages of the technological process:
A — multiple stress cracks (three or more); B — double stress cracks (two),; C — single stress crack;
D — without stress cracks

crack percentage did not increase significantly — up to
75 %, but there were changes in the number of stress
cracks: the number of kernels with single stress crack
decreased to 22 % (at point 3 — before pre-separation)
and increased number of kernels with multiple (three or
more) stress cracks — from 8 to 33 %. During further
transportation and processing of corn grain, the stress
crack percentage increased to a maximum value of 78 %
(at point 6 — before separation on SAD-10-01), and then
decreased to 72 % in the grain entering the degerminator
(point 9). It can be explained by the fact that when the
kernel was divided into heavy and light fraction on this
separator, a part of the basic grain (mainly in the light
fraction) with multiple stress cracks (two or more) was
broken.

16

When analyzing the effect of stress crack on the
reduction of grain strength (Table 2), it was found out
that the transportation of corn kernel and its processing
on the technological equipment leads to changes in both
total stress crack in corn kernel and an increase in the
total number of stress cracks, which together affects the
ability of corn kernel to damage. The maximum required
force for corn kernel damage is observed for point 1
(grain entering the intake pit) — 3.6 kg / 50 kernels, where
corn kernels with single stress crack — 41 % or without
stress cracks — 32 % dominated, and the minimum re-
quired force for corn kernel damage — 3.0 kg / 50 kernels
were observed for point 6 (cleaned grain after conveyor
and bucket elevator No. 1 to SAD), where 43% were
grains with multiple stress cracks (3 or more) (only 22 %
of kernels were without cracks).
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Table 2 — Strength of corn grain at different
stages of the technological process

Sample Damage force, kg / 50 corn kernels
No. min max average
1 1.4 6.5 3.6
2 1.3 6.6 3.5
3 1.0 6.2 3.5
4 1.3 6.3 3.4
5 1.2 6.1 3.5
6 0.9 5.5 3.0
7 1.3 6.5 3.4
8 1.1 6.2 3.1
9 0.9 5.8 3.5

The correlation analysis of stress crack percentage
and damage force showed a high direct relationship be-
tween the number of kernels with single stress crack and
the minimum and average required force to damage the
kernel — 0.62 and 0.76, respectively. On the contrary,
with an increase in the number of kernels with multiple
stress cracks (three or more), the damage force decreases,
i.e. an inverse correlation is established between these
indicators — -0.84. But the correlation of the total stress

process, there is a very high inverse correlation — -0.93
between the number of kernels with single stress crack
and the number of kernels with multiple stress cracks
(three or more). It indicates that the mechanical action of
transport and technological equipment causes the in-
crease in number of stress cracks in each kernel.

CONCLUSIONS

When studying the technological (mechanical)
properties of corn kernel, we found out that its stress
crack is an important indicator of quality, which must be
taken into account when receiving corn grain for pro-
cessing. Due to its structure, after harvesting and post-
harvest processing, stress crack in corn kernel reaches
70-80 %, which reduces the strength of the kernel and
leads to an increase in the amount of broken grain (dam-
aged kernels) in the process of receiving and preparing
grain for processing. Also during the technological pro-
cess the total stress crack in corn kernel increases as well
as its nature changes, i.e. the number of stress cracks in
each kernel: the number of kernels without cracks or with
single stress crack decreases by increasing the number of
kernels with multiple stress cracks (three or more). All
this leads to lower kernel damage force, i.e. impaces on
the yield of finished products: cereals, groats, groats for

CLEAN PRODUCTS: TECHNOLOGY AND QUALITY

production of corn curls etc. Therefore, based on re-
search, it is recommended to use the index of stress crack
in corn kernel to assess its quality when receiving for

crack with the corn damage force (reverse) is average — -
0.45, i.e. the ability of the kernel to damage is more in-
fluenced by the nature of the stress crack, rather than its

overall value. It is clear that for the inspected samples of further processing.
corn kernel from different stages of the technological
REFERENCES |:|

1. Kyrpa, M.Ya. Nauchno-prakticheskie osobennosti uborki i obrabotki zerna kukuruzyi. // Hranenie i pererabotka zerna. 2017.
Ne 7(97). 8. 31-33.

2. Abasi S., Minaei S. Effect of Drying Temperature on Mechanical Properties of Dried Corn. // Drying Technology. 2014. Ne 7
(32). P. 774-780.

3. Vindizhev N. L. Mehaniko-tehnologicheskoe obosnovanie metodov snizheniya poter ot travmirovaniya zerna pri uborke

kukuruzyi i maslichnyih kultur / Avtoref. dis. d.t.n., Zernograd: 1999. 34s.

Truflyak E. V. Fiziko-mehanicheskie svoystva kukuruzyi. Krasnodar: KubGAU, 2007. 197s.

Shahbazi F., Shahbazi R. Mechanical Damage to Corn Seeds. // Cercetari Agronomice in Moldova. 2019. Ne 3 (51). P. 1-12.

DSTU 4525:2006 «Kukurudza. Texnichni umovyy.

GOST 30483-97 «Zerno. Metodyi opredeleniya obschego i fraktsionnogo soderzhaniya sornoy i zernovoy primesey;

soderzhaniya melkih zeren i krupnosti; soderzhaniya zeren pshenitsyi, povrezhdennyih klopom-cherepashkoy; soderzhanie

metallomagnitnoy primesiy.

8. Grain Inspection Handbook. Book 1I. Grain Grading Procedures. Washington: USDA, 2013. 345p.

NS A

- L} L] L] ] - = - L - - |

YK 664.784
P. Pubuuncbkuii, ampexkrop, E-mail: Rodion1971@gmail.com
https://orcid.org/0000-0001-8396-5315
Cninxa «Bopowmnomenu Yxpainuy, syn. 3onomosopimcovka, 6yo. 6-b, m. Kuis, 01030, Yxpaina

3MIHA TPIIIIMUHYBATOCTI 3EPHA KYKYPY/3H1 ITPU HOTI'O
HIAroToBUI 10 IIEPEPOBKH

Anomauin

Y ecmammi nasedeno pesynemamu Oocniodxcenus 6naugy mpiujuHy8amocmi 3epHa KyKypyosu Ha 3MiHy 1020
TNEeXHONO2IUHUX BIACMUBOCMEl, A caMe, HA MIYHICMb 3epHA Ma 1020 CNPOMONCHICIb NOOPIOHIOBAMUCH Y X00i MeXHO-
J02IUH020 npoyecy nid2omosKu 3epHa 00 nepepoobku. Jlocrioxcenns nposederi na JHinposcvkomy KoMOIHaAmi Xapuoxo-
HYyenmpamis.

Bcmanoesneno, wo xinbkicmo 3epnogoi ma cmMimmesoi 0OMIWOK npu NpUiomi 3epHa Ha BUPOOHUYULL eleeamop
Haxooamosca 8 mexcax nopm JICTY 4525:2006 — ne oinvwe 7 % ma e oinvue 1,0 %, 8ionosiono, ane y npoyeci mpam-
cnopmyeanus 3epHa 30inbuyiomscs. Makcumanonuii pisens 3epnoeoi domiwku (9,1 %) y 3epui KyKypyosu cnocmepiea-

1 7 http://grain-feed.onaft.edu.ua
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€mbes nepeo 1io2o nonepeonim ovuwgenusam na cenapamopi bCX-100, nomim yeil nOKa3HUK Cymmeso 3MEHULYEMbCL 00
1,8 % y ouuwenomy 3epni, ane oani 3H08y 30iNbULYEMBCA NO X00Y MEXHON02IMHO20 npoyecy, ma nepeo HanpasieHHAM
3epHa y oedxcepminamop cknaoac 4,8 % — matidce cminbKu i, AK npu npuiiomi 3epHa 3 asmompatncnopmy. Lle sce cmo-
cyemucs i piens cmimmesoi domiwku. Ii minimanvna xinokicmo y 3epui nicis nonepednvozo ouuwenus (0,5 %), a max-
cumanvHa — 8 Kinyi emany ouuwents (7,4 %), wo snauno 6invuie, Hixe npu npuiiomi 3epHa.

3pocmanns xinbkocmi 6umoeo 3epua (y m.u. mozo, wo 8iOHOCUMbCS 00 OOMIULOK) NO X00Y MEXHOI02IUHO20
npoyecy cynposooAICYEMbCa 3pOCMANHAM KITbKOCMI mpiwun y 3epui Kykypyo3su. Ilpu nputiomi 0ocaiosceno 3epro oice
Mano eucoxy mpiwunyeamicmos — 68 %, npu ybomy 8 HboOMy OLIbULY KITLKICIb CKAAOANI0 3ePHO KVKYPYO3U 3 OOHIEH
mpiwunoto (41 %). Ilicis mpancnopmyeanns cmpiuko8uM KOHEEEPOM MA OCHOBHUMU BUCOKONPOOYKIMUBHUMU HODIAMU
eneeamopy xoud 3a2aibHd MpIUHy8amicms 3p0Cia He Cymmeso — 00 75 %, ane 6i00yaucs 3MiHU Y KITbKOCME MPIUWUH:
BMEHUUTIOCH KITbKICMb 3epeH 3 00HIE mpiwunor 00 22 %, ane 3pocia KintbKicme 3epen 3 bazamovma (mpu ma diivuie)
mpiwunamu — 3 8 00 33 %, 6ionogiono. Ilpu nodanvuiomy mpaHcnopmysanti ma 0o6podyi 3epHa KyKypyo3u mpiuny-
samicms 3p0cmana 00 MaKCUManbHo2o sHavenns 78 % (nepeo cenapysannam na CAJ[-10-01), a nomim smenwunracs 0o
72 % y 3epHi, Wjo NOCMYNae Ha 0eHcepMiHamop.

Bcemanosneno, wo Ha smenwieHHA MiYHOCMI 3epHA BNIUBAE K 3A2AbHA MPIWUHY8amicmb, max i ii xapaxmep,
Mmoomo KinbKicmv mpiwyun y KOJCHil 3eprisyi. Maxcumanvhe HeoOXione 3ycunns 0isi pyury8aHus KyKypyo3u cnocmepi-
2a10Ch 0/ 3epHa, Wo NOCMYNnac y 3aeanvhy amy, — 3,6 ke/50 3epen, y AKuill npesantoioms 3epHa KYKypyo3u miibKu 3
ooHieto mpiwunoro — 41 % abo 6e3 mpiwun — 32 %, a minimansvre 3ycunia — 3,0 ke/50 3epen — 014 ouuweHoz2o 3epra
nicna mpancnopmepy ma Hopii Ne 1, y sxuti 43 % ckaadanu 3epua 3 3-ma ma 6invw mpiwunamu (be3 mpiwun 0yno
minvku 22 % 3epen). Midic kinbkicmio 3epen 3 mpboma abo Oinbuie MpiyuHamu ma 3yCULIsM HA PYUHYBAHHS 3epHA
KYKYpYO3U 6CMAHOBNICHO GUCOKULL 360POMHUL KOpenAyiinull 36’130k — -0,84.

Ha niocmasei docniooicenn, pekomMeHO08aHO BUKOPUCTIAHHS NOKA3HUKA MPIWUHY8AMOCTE KYKYPYO3U OJisi OYiH-
Kul 11020 AKOCMI NpU NPULOMi HA NOOANLULY NepepOoOKy, MAaK K Yill NOKAHUK NPAMO NO8'SA3AHUL 3 BUXO00M 20MO8OI
npooyKyii.

Kniouosi cnosa: xykypyosa, si0po, mpiwuna, Mexamiumi 61acmueocmi, Micm 6umo2o 3epHd.
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