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Abstract

In recent decades, in addition to the traditional grain storage in dry conditions, the technology of grain storage without
access of air - in hermetic conditions has gained a widespread in polymeric grain bags (silobags). The aim of the research was to
study the regularities of the physiological processes of respiration in maize grain when stored in hermetic conditions, which would
determine the terms of safe storage of different humidity grain in polymeric grain bags and reduce the costs of its processing and
storage. The object of research is the technology and processes of freshly harvested corn grainstorage. As the main subject of the
study, a dent-type hybrid of corn DKS 3705 was used, which, according to its botanical and agronomic properties, was better for use
on food and non-food needs and for export.

On the basis of the conducted researches it was established that with an increase in initial moisture of grain from 14% to
21% and subsequent storage in hermetic conditions at constant temperatures the natural losses of dry matter of grain increase in
comparison with losses of dry matter of grain with standardhumidity (14%), in particular, at a temperature of 18 °C by 112%, at a
temperature of 11 °C by 296% and at a temperature of 4 °C by 123%. Thus, it is shown that the decrease of the temperature regimes
of grain storage of maize with different initial humidity under hermetic conditions contributes to the reduction of the intensity of the
natural physiological processes in it and, consequently, the natural losses of its dry matter.

It has been established that during storage of corn grain for three months and reduction of temperature storage conditions
from 18 °C to 11 °C in samples of grain with an initial humidity of 14% decrease: the absorption rate of oxygen by 34%, carbon
dioxide emissions, loss of dry matter and the production of thermal energy by 66%. For a grain with an initial humidity of 21%, the
reduction in intensity under the same conditions is: for absorption of oxygen 22%, the production of carbon dioxide 28%, losses of
dry matter 37% and the production of thermal energy 23%.

Reducing the storage temperatures of corn from 11 ° C to 4 ° C in samples of grain with an initial humidity of 14% reduces
the intensity: absorption of oxygen by 79%, carbon dioxide generation by 60%, dry matter loss by 60%, and the generation of
thermal energy by 60%. For grain with an initial moisture content of 21% under the same conditions, the intensity decreases: oxygen I:l
absorption by 28%, carbon dioxide generation by 77%, dry matter loss by 77%, and heat generation by 77%. Established
regularities of the physiological processes in corn grain with different initial humidity when stored in hermetic conditions at different
temperatures, it is possible to predict the characteristics of gas exchange processes in the grain mass, natural losses of dry matter
and the generation of heat during storage of grain.

Key words: corn grain, silobags, hermetic storage conditions, oxygen absorption, carbon dioxide, heat generation, loss of
dry matter.
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Formulation of the problem.

Respiration is an important physiological
process that wunderlies the metabolism of living
organisms. The intensity of respiration is an indicator of
the biological activity of the stored grain mass. The study
of the intensity of breathing of grain is directly related to
the theory and practice of storage. This is due to the
determination of the losses of dry matter of grain during
storage, as well as the determination of environmental
conditions that characterize the optimal storage
conditions.

Substances that take part in the process of respi-
ration of cereals include carbohydrates of grain and
oxygen from atmospheric air, to the final products -
carbon dioxide, water and alcohol. In the process of res-
piration, the cells of the grain use energy through the
decoupling of their organic substances. Thus, the respira-
tion of grain during storage is accompanied by the loss of
dry matter, which is called natural loss. Depending on the
conditions in which the grain is located, the respiration
process can run in three directions (types): aerobic (with
oxygen), anaerobic (no oxygen) or mixed [1].

Loss of grain dry matter duringrespirationis not
restored, and it is attributed to the inevitable costs. The
question of the amount of respiration losses is
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particularly important because these grain losses during
storage can increase, depending on the condition of the
grain and the conditions of its storage (humidity,
temperature, aeration, etc.). In analyzing this process, it
is necessary to take into account not only the complex set
of biochemical transformations in the grain, which are
caused by their intensity, but also the type of respiration.
The intensity of the process of grain respiration, depends
on various factors, can be characterized by dry matter
loss during storage, heat generation, oxygen absorption
and carbon dioxide generation.

In recent decades, in addition to the traditional
storage of grain in a dry condition, the technology of its
storage without access to air - in hermetic conditions has
gained a widespread in polymeric grain bags (silobags).
It is used by such traditional producers and exporters of
grain as Argentina, USA, Canada, and others. This
technology is also becoming widespread in Ukraine, and
some enterprises already have their own experience of
grain storage in such hermetic polymer bags, especially
corn. However, in the literature there is not enough
theoretical and experimental data of the study of the
regularities of physiological processes occurring in grain
masses, in particular, the processes of respiration of grain
under hermetic conditions. This determined the purpose
of this work.

The aim of the research was to study the
regularities of the physiological processes of respiration
in maize grain when stored in hermetic conditions, which
would determine the terms of safe storage of maize
grainof different humidity in polymeric grain bags and
reduce the costs of its processing and storage.

The object of research is the technology and
processes of freshly harvested corn grain storage. As the
main subject of the study, a dent-type hybrid of corn
DKS 3705 was used, which according to our previous
studies [2], according to its botanical and agrotechnical
properties [3], was better for use on food and non-food
needs and for export.

Research methodology.

For experimental studies of the intensity of grain
respiration a test bench was developedat the Department
of Grain Storage Technology in ONAFT on the basis of a
multicomponent individual signaling device-gas analyzer
DOSOR-S-M, manufactured at the Scientific and
Production Enterprise ORION (Kharkiv), which allows
highly accurately determine the concentration of carbon
dioxide and oxygen in multicomponent gas mixtures and
air [4]. A detailed description of the test bench, signaling
device-gas analyzer DOSOR-S-M and methods of
studying the intensity of respiration of the grain are given
in publications [5].

Based on the purpose of the research to conduct
experiments on the study of the intensity of the different
humidity corn grain respiration processes, which was
stored in hermetic conditions at different temperatures,
two samples of grain with an average humidity of 14 and
21% were selected for storage at temperatures of 4, 11
and 18°C (6 samples of grain). The selected grain
moisture content of about 21% is the most characteristic
of the period of corn harvesting and allows to practically
realize the technology of its storage in sealed polymeric
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grain bags. With higher values of the moisture content of
corn, its safe storage can be problematic. The
temperature range of 4 ... 18°C is close to the conditions
of the autumn-winter period of cornharvesting.

In each of the 6 tanks with the grain, with the
help of a gas analyzer, Dosoz-S-M the initial values of
the oxygen content and carbon dioxidewere determined.
Subsequently, containers with test samples with humidity
of 14, 21 and 28% were placed for storage in 3
capacities, which maintained the temperatures 4, 11 and
18°C. The parameters of the gas environment were
determined weekly throughout the period of storage of
grain samples in grain containers. At the same time, all
operations of connection and disconnection of the gas
analyzer from the containers of the grain were performed
in such a way as to prevent the external air from entering
them. The total storage time of grain samples was 3
months.

Research results.

According to the results of experiments, for all 6
grain samples stored in hermetic conditions at different
temperatures, numerical values of the mass of absorbed
oxygen and produced carbon dioxide were obtained, on
the basis of which the losses of graindry matter and heat
energy generationwere calculated. Based on the data
obtained, the corresponding kinetic curves were
constructed, which give a clear idea of the nature of the
patterns of grain respiration physiology and related
processes, as well as reveal trends in the influence of
selected experimental conditions for storing grain of
different humidity on the intensity of physiological
processes at different temperaturesimitating grain storage
conditions in the autumn-winter period.

Fig. 1 shows the kinetics of oxygen absorbtion
and carbon dioxide generationof maize grain with an
initial moisture content of 21% when stored in hermetic
conditions at a temperature of 11°C, which are most
typical in terms of the moisture content and storage
temperature. It is clear from the graphs that during the
first four weeks of the experiment, the nature of the
absorption of O, and the release of CO, practically does
not change, and there is also a tendency for more
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Fig. 1 - Kinetics of corn grainoxygen absorption
processesand the production of carbon dioxide
with an initial moisture content of 21% during storage
under anaerobic conditions at a temperature of 11°C
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Fig. 2 shows the kinetics of losses of
dry matter and the heat energy generation of
corn grain with an initial moisture content of
21% when stored in airtight conditions at a
temperature of 11°C. From these data, it is
evident that the trends in the change of the dry matter
loss and the generated heat energy during the first four
weeks of the experiment in samples of grain with an
initial moisture content of 21% also exceed those of the
grain with an initial moisture of 14% by 191%.

After the fourth week of storage in samples of
grain with different initial humidity, stored at a
temperature of 11 © C, there are also some changes in the
nature and intensity of the processes of respiration. So,
during the next six weeks of storage (from the 4th to the
10th week), as well as in conditioned humidity sample
(14%), the process of acrobic respiration is accompanied
by a more pronounced absorption of oxygen than the
generation of carbon dioxide. At the same time, the
intensity of these processes in grain with a moisture
content of 21% exceeds the intensity of absorption of
oxygen by 5% and exceeds the intensity of carbon
dioxide generation by 206% compared to the sample with
humidity of 14%.Starting from the 10th week of grain
storage with an initial moisture content of 21%, the type
of grain respirationhas changedfrom purely aerobic to
mixed, which is expressed in the change in the ratio of
the amount of absorbed oxygen to the generated carbon
dioxide. This feature is associated with a decrease in the
oxygen content of the test sample gas environment - from
19.63% at the beginning of the experiment, to 1.72%
from the 10th week of the study. At the same time, the

Fig. 2 - Kinetics of corn graindry metterloss

and the generation of heat energy

with an initial moisture content of 21% when stored
in anaerobic conditions at a temperature of 11°C

intensity of the process of absorption of oxygen and the
generation of carbon dioxide from grain with an initial
moisture content of 21% is higher than the corresponding
parameters of the sample with air humidity and exceeds
them by 3.3% and 459% respectively.

In addition, according to the change in the type
of respiration, the kinetics of dry matter losses and heat
energy is also changing - in the sample of grain with an
initial moisture content of 21% of dry matter loss, and
the amount of heat energy during storage over the last
two weeks exceeds similar indicators of grain with
congitioned humidity, respectively by 490% and 442%.

Summary of the results of the study of
physiological processes in corn grainwhen stored in
sealed conditions for 3 months are given in Tablel.

Table 1 shows that the reduction of temperature
regimes for the storage of maize grain with different
initial humidity under hermetic conditions contributes to
the reduction of the intensity of the natural physiological
processes in it and, consequently, the natural losses of its
dry matter.

Conclusions

On the basis of the conducted researches it was
established that with an increase in initial moisture of
grain from 14% to 21% and subsequent storage in
hermetic conditions at constant temperatures the natural

Table 1 - Results of the study of physiological processes in corn grain
when stored in airtight conditions for 3 months

Storage conditions Respiration type Gas exchange, mg /100 gd.m. | Loss of dry Heat
the initial storage absorption carbon dioxide matter, mg || production,
grain temperature of oxygen production /100 g k] /100 g
humidity,% d.m. d.m.
4 aerobic 2,57 2,01 1,37 946
14 11 aerobic 12,42 5,03 3,43 2364
18 aerobic and mixed 18,74 14,98 10,22 7045
4 aerobic 13,74 4,49 3,06 2110
21 11 aerobic and mixed 19,13 19,39 13,57 9011
18 aerobic and mixed 24,64 26,90 21,68 11648
1 7 http://grain-feed.onaft.edu.ua
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losses of dry matter of grain increase in comparison with
losses of dry matter of grain with conditioned humidity
(14%), in particular, at a temperature of 18 °C by 112%,
at a temperature of 11 °C by 296% and at a temperature
of 4 °C by 123%.

It has been established that during storage of
corn grain for three months and reduction of temperature
storage conditions from 18 °C to 11 °C in samples of
grain with an initial humidity of 14% decrease: the
absorption rate of oxygen by 34%, carbon dioxide
emissions, loss of solids and the allocation of thermal
energy on 66%. For a grain with an initial humidity of

Reducing the storage temperatures of corn from
11°C to 4°C in samples of grain with an initial humidity
of 14% reduces the intensity: absorption of oxygen by
79%, carbon dioxide emissions by 60%, dry matter loss
by 60%, and the generation of thermal energy by 60%.
For grain with an initial moisture content of 21% under
the same conditions, the intensity decreases: oxygen
uptake by 28%, carbon dioxide emissions by 77%, dry
matter loss by 77%, and heat generation by 77%.

Thus, the established regularities of the
physiological processes in corn grain with different
initial humidity when stored in airtight conditions at

21%, the reduction in intensity under the same conditions
is: for absorption of oxygen 22%, the allocation of
carbon dioxide 28%, losses of solids 37% and the
allocation of thermal energy 23%.

different temperatures allow us to predict the
characteristics of gas exchange processes in the grain
mass, natural losses of dry matter and the allocation of
heat in the storage of grain.
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Anomauisn

Ocmannimu decamunimmsamu, OKpiM mpaouyitino2o 30epicants 3epHa 6 CYXOMY CMAHI, 6elluKe NOUUPeHd Ha-
bpana mexHonozis tioz2o 30epicants 6e3 OOCMyny NoGimps — 6 2epMEeMUYHUX YMOBAX 8 NOJIMEPHUX 3ePHOBUX DYKABAX
(miwxax). Memor Oocniddxcerv 6y10 6USUEHHS 3aKOHOMIPHOCHEN (DI3I0I02IYHUX NPOYeCi8 OUXAHHS Y 3ePHI KYKYPYO3U
npu 30epicanti 6 2epMemMuUUHUX YMOBAX, WO 00360AUMb BUSHAYUMU MEPMIHU De3neuHo20 30epicants 3epHa KyKypyosu
PI3HOT 6071020Cmi 6 NONIMEPHUX 3€PHOBUX PYKABAX MA 3MEHWUMU GUMPAmu Ha 11020 00poobKy i 30epicanns. 06 ckmom
00CTIONHCEHHS, € MEXHONIO2IS, Ma Npoyec 30epicantst C8idiCO3ibpano2o 3epra KyKypyo3u. B skocmi 0cHo8H020 npeomeny
00CNi0dCEH S BUKOPUCMOBYBATU 2IOPpUO 3epHa KYKYPYO3u 3y0onodionoco muny JJKC 3705, axuil 3a céoimu 6bomaniunu-
MU i azpOmexHiYHUMU 8IACMUBOCTAMU BUABUBCA KPAWUM 0TI BUKOPUCMAHHA HA NPOO0BOAbYI | HeNnpoO08oIbYi nompe-
Ou ma 015 eKCnopmy8anHsi.

Ha ocnosi npogedenux docniodicens 6cmanosneno, wo npu nioguiyeHni noiamrkosoi eonococmi 3epna 3 14 %
0o 21% ma nooanvuiomy 1o2o 30epicanHi y 2epMemuyHux ymMoeax 3a Cmaiux memnepamyp 30i1ouytomocsa npupooHi
8mMpamu CyxXux pe408uH 3epHa NOPIGHAHO 3 BMPAMAMU CYXUX PeYO8UH 3epHA 3 KOHOUYiliHow onozicmio (14 %), 30kpe-
ma, 3a memnepamypu 18 °C na 112 %, 3a memnepamypu 11 °C na 296 % ma 3a memnepamypu 4 °C na 123 %. Taxum
YUHOM HOKA3AHO, WO 3HUNCEHHS MEMNEePAMYPHUX PEeNCUMIE 30epieatts 3epHa KyKypyO3U 3 pizHOI0 NOYAMKOBOIO 6010~
2ICMI0 Y 2epMEeMUYHUX YMOBAX CHNPUSAE 3MEHUWEHHIO THMEeHCUSHOCMI nepedicy npupooHux QizionocivHux npoyecie 6
HbOMY ma, 8i0N0GIOHO, NPUPOOHUX GIMPAM 1020 CYXUX PEYOBUH.

Bcemanoeneno, wo npu 36epicanni 3epra KyKypyo3su 6npoo08ic mpbox MICAYI8 ma 3HUNCEHH] MeMnepamypHux
ymog 36epicanna 3 18 °C 0o 11 °C y 3paskax 3epHa 3 nouamxogoro gonocicmio 14 % smenwyromoca: iHmeHcugHicmo
NO2NUHANHA KUCHIO Ha 34 %, 8ulineHHs 8yeNleKUco2o 2a3y, 8Mpamiu CyXux peyosut ma euoileHHs menjioeoi enepaii Ha
66 %. /[na 3epua 3 nouamkogoro eonocicmio 21 % 3meHuienHs iHMeHCUBHOCMI 3a MUX Hce YMO8 CKAA0A€E: Ol NO2nu-
Hanus KucHio 22 %, euodinenns eyenexucioeo easzy 28 %, empam cyxux pevosun 37 % i @uodineHHs menioeoi enepeii
23 %.

Tpu 3nuoicenni memnepamyp 36epicanns 3epua kykypyosu 3 11 °C 0o 4 °C y 3pasxax 3epna 3 noyamrogoo 80-
nocicmio 14 % 3meHuyemsbcst iHMEeHCUBHICMb: NOSTUHAHHA KUCHIO Ha 79 %, eudinenwHs syanexucnoeo eazy Ha 60 %,
empamu cyxux pewosutr Ha 60 % i eudinenns mennogoi enepeii na 60 %. /s 3epua 3 nouamkogor gonocicmio 21 % 3a
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MUX oce YMO8 3MEHULYIOMbCS THIMEHCUBHICb: NO2TUHAHHA KucHio Ha 28 %, eudinenHsa eyenexucnozo z2asy wa 77 %,
smpamu cyxux pedosun Ha 77 % i sudinenus mennosoi enepeii na 77 %. Bcmanoeneni 3akonomipnocmi nepebizy ¢izio-
JO2TUHUX NPOYECI8 Y 3epHi KYKYPYO3U 3 PI3HOI0 NOYAMKOB0IO 80J02ICIIO NPU 30epieanti 6 2epMemuyHUX ymosax 3a piz-
HUX emMnepamyp 00380JA10Mb NPOSHO3YEAMU XAPAKMEPUCTHUKU 2A3000MIHHUX Npoyecie y 3epHO8ill MAaci, npupooHi
8MpaAmMU CyXux pevosun ma euoileHHs meniomu npu 30epieanti sepHa.

Knwuosi cnosa: 3epno KyKypyO3u, noaiMepHi 3epHO8I pYKABU, 2epMemuyHi YMOo8U 30epieanHs, NO2TUHAHHS
KUCHIO, 8UOLIEHHS 8Y2NIeKUCI020 2A3Y, GUOLIEHHS MENIOMU, GMPAMU CYXUX PEUOBGUH.
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Annotation

In Ukraine, as the raw material for the production of cereals, flour, flakes, the following main crops are used: wheat,
barley, buckwheat, oats, corn, rice, millet, peas. The volume of world grain production has grown significantly in recent
years. In Ukraine, corn is the main fodder crop, and only a small amount is used as a food. Corn has the leading place among
the major grain crops in world agricultural production. Corn grain production is concentrated in warm regions. In some re-
gions, corn is the basis of the traditional nutrition of the population, but basically it forms part of the feed in the feeding of
farm animals.

Today about 3500 food and technological products are produced from corn. Corn can largely satisfy the needs of
livestock, its share is almost 30% of concentrated feed. With the advent of new directions in the development of biotechnology
in the world, the significance of this culture will increase even more. The programs of biofuel production are gaining momen-
tum, in connection with which a significant expansion of the sown area under the corn is foreseen.

In this article features of water-heat treatment of corn grain during preparation for processing are provided. Fea-
tures of the use of hot and cold grain conditioning in the cereal industry are considered. In the course of this study, it was
determined that the optimum water temperature for humidifying corn sugar is 60 °C. Using a certain water temperature dur-
ing humidification will enable to perform more efficiently the directed change of technological properties of grain, to ensure
the high efficiency of its further processing. The results of research of the water absorption capacity of sugar corn grain are
presented. As can be seen from the research carried out to improve the efficiency of the STI and optimize the processing tech-
nology, the grain lots are fractionated into more homogeneous flows of physical properties and treated separately.

Key words: grain processing, corn, water absorption, hydrothermal grain processing.

Introduction * raw materials for the production of biofuels of

Corn is a highly productive plant of tropical
origin. Its homeland is Middle and South America, which
explains the needs of the plant in warmth for its growth
and development [4, 5, 7]. It is the most productive grain
crop that is widely used as:

* raw materials in the food, pharmaceutical,
chemical and other industries;

* high-energy feed suitable for feeding all types
of animals and poultry;

19

the first and second generations;

 raw materials for biogas production.

The agrotechnological significance of this crop
is also great, as it clears the soil from weeds and is a
good precursor in the crop rotation. Due to the absorption
of carbon dioxide and the release of oxygen, corn holds
one of the first places among all cultivated plants and is
even more effective than the forest of a similar area [6,
8]. Valuable properties of corn cause its stable high de
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