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INFLUENCE OF GRAIN PROPERTIES AND
PARAMETERS OF MICROWAVE TREATMENT ON THE
EFFICIENCY OF SORGHUM GRAIN POPPING

Abstract

The study focuses on establishing the regularities of the influence of sorghum grain properties and microwave (MW) treat-
ment parameters on the efficiency of the popping process. The relevance of the work is due to the need to substantiate the technologi-
cal conditions for producing popped sorghum grain and to take into account varietal and size-related characteristics of the raw ma-
terial when selecting microwave treatment modes. The aim of the study was to establish the influence of varietal, physical and frac-
tional characteristics of sorghum grain, its initial moisture content and microwave treatment power on popping efficiency, and to
substantiate rational process parameters for different grain fractions. The study was carried out using sorghum grain of the
Dniprovsky, Kafrske and Fulgus varieties, whose initial moisture content was varied within 13—-17 %, and microwave treatment pow-
er within 450-700 W at an electromagnetic field frequency of 2450 MHz and a treatment duration of 150 s. Process efficiency was
evaluated by popping yield, bulk density and expansion ratio. It was established that, for all the studied varieties, the highest popping
yield was achieved at 15 % moisture content and 700 W power. Under these conditions, popping yield for the Fulgus variety was 92
%, for Dniprovsky — 64 %, and for Kafrske — 52 %, which confirms the significant influence of varietal grain properties on the reali-
zation of popping ability. The Fulgus variety was characterized by the highest expansion ratio of popped grain — 11.0 — and the low-
est bulk density of the finished product — about 69 kg/m3, indicating the formation of the most developed porous structure. A signifi-
cant influence of kernel size on MW-popping efficiency was also established. For the fine fraction, the most effective modes were 14—
15 % moisture content and 600 W power, at which the maximum popping yield was 76 %. Increasing the power to 700 W for this
fraction was accompanied by signs of local overheating. For the coarse fraction, the highest popping yield — 92 % — was obtained at
15 % moisture content and 700 W power without signs of overheating. The established differentiation of rational modes depending
on kernel size indicates that fractionation is not merely a mechanical grading operation of the raw material, but a technological
technique that ensures the intensity of microwave heating is matched to the size characteristics of the kernels and prevents overheat-
ing of the fine fraction while simultaneously ensuring a high popping yield from the coarse fraction. The results obtained substanti-
ate the feasibility of preliminary size separation of sorghum grain before MW-popping and of a differentiated selection of treatment
modes for individual fractions, which creates the preconditions for improving the stability and technological efficiency of popped

sorghum grain production.

Key words: grain, sorghum, Sorghum bicolor (L.) Moench; popped sorghum; puffed products; microwave treatment;
popping; MW-popping; technological parameters; grain fractionation; popping yield.

Introduction

Expanding the range of ready-to-eat cereal prod-
ucts is a popular direction in the development of the food
industry. Popped grain is of particular interest, as its po-
rous structure, attractive organoleptic properties and
ready-to-eat convenience make it suitable for use in the
production of snacks, breakfast cereals, cereal mixes and
bars [1, 2].

A promising raw material for obtaining such
products is sorghum (Sorghum bicolor (L.) Moench),
which is characterized by high adaptability to arid condi-
tions and elevated temperatures. Sorghum grain is gluten-
free and is a source of starch, protein, dietary fiber and
biologically active compounds, which drives the expan-
sion of its food-use applications [3, 4, 5]. The search for
effective sorghum processing methods is particularly
relevant for creating cereal products with high nutritional
and consumer value.

One of the sorghum grain processing methods that
has attracted interest is popping — a short-term, high-
temperature treatment during which the internal moisture
of the kernel generates water vapor pressure that causes
expansion of the endosperm and the formation of a po-

rous product structure [1, 6]. The use of microwave
(MW) heating creates additional opportunities for inten-
sifying this process due to the direct absorption of elec-
tromagnetic energy by the material and the high heating
rate [7, 8].

Popping efficiency depends on the interaction be-
tween grain properties and processing regime parameters.
Among the determining factors, researchers identify va-
rietal and physical characteristics of the kernel, endo-
sperm properties, initial moisture content and heating
intensity [9-12]. For sorghum grain, considerable varia-
bility in popping ability has been established depending
on the variety and treatment conditions; however, the
combined influence of grain properties, fractional com-
position, moisture content and microwave treatment
power requires further investigation [9, 10, 13].

In this regard, it is relevant to establish the regu-
larities of the influence of sorghum grain properties and
microwave treatment parameters on popping efficiency
and to substantiate rational conditions for obtaining
popped grain.

Literature review

Popping is based on the rapid heating of grain,
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during which the water inside the kernel turns into vapor
and creates elevated internal pressure. Once a critical
level is reached, the hull ruptures and the endosperm
expands [1, 6]. Studies of the popping mechanism of
corn have shown that the essential conditions for the pro-
cess are a sufficient amount of internal moisture and the
ability of the hull to withstand pressure until it ruptures
[6]. At the same time, endosperm characteristics deter-
mine the degree of its expansion and the structure of the
popped grain [14].

Unlike traditional heating methods, microwave
energy is absorbed directly throughout the volume of the
material, which ensures a high rate of heat energy deliv-
ery and a shorter process duration [7,8]. The efficiency of
microwave heating is determined by the dielectric prop-
erties of the material, its moisture content and the condi-
tions of exposure to the electromagnetic field [7,8].
Therefore, during microwave popping it is important to
match the properties of the raw material with the intensi-
ty of energy input.

For sorghum, a significant dependence of popping
ability on varietal characteristics has been established.
Rooney and Rooney [9] showed that popping yield and
expansion ratio significantly depend on genotype and
growing conditions. Golubinova et al. [10] also found a
considerable range of popping ability among different
sorghum genotypes and established a relationship be-
tween popping indicators and the physical characteristics
of the grain. Thus, the choice of a specific variety or
genotype is an important factor when substantiating the
modes for obtaining popped sorghum.

The direct influence of varietal physicochemical
properties on microwave popping was studied by Mishra
et al. [11]. The authors established significant differences
between varieties in the yield and characteristics of
popped grain and showed the dependence of process effi-
ciency on bulk and true density, grain hardness, amylose
content and pericarp thickness. This confirms the need to
take into account the physical properties of the raw mate-
rial when selecting microwave treatment parameters.

An important factor is the initial moisture content
of the grain, since it is the internal water that serves as
the source of steam that generates pressure and drives
further expansion of the kernel [6, 12]. Mishra et al. [12]
established the existence of an optimal moisture range for
conditioning sorghum grain before microwave popping.
At insufficient moisture content, the necessary internal
pressure is not achieved, whereas excess moisture may
reduce expansion efficiency and impair the characteris-
tics of the popped grain. Similar patterns regarding the
need to optimize moisture content and heating parame-
ters were established in the studies of Nakade et al. [15]
and Pawar et al. [16].

Another determining parameter is microwave
treatment power, which directly affects the grain heating
rate. As the intensity of energy input increases, the time
required to reach the temperature necessary for steam
formation and kernel expansion decreases. At the same
time, excessive heating intensity can cause process non-
uniformity and local overheating [7, 8, 12, 16]. There-
fore, the efficiency of MW-popping is determined not by
maximizing power as such, but by its match with the
grain's properties and moisture content.

The results of previous studies also indicate the
promise of MW-popping for sorghum. Mishra et al. [12],
using mathematical design methods, determined the rela-
tionship between pre-conditioning and microwave treat-
ment parameters. Study [17] established the dependence
of popped sorghum characteristics on microwave treat-
ment conditions, chemical composition and grain micro-
structure. The results obtained confirm the need for a
comprehensive consideration of grain properties and pro-
cess regime parameters.

Thus, the literature data indicate that the efficien-
cy of sorghum popping is determined by the combined
action of genotypic and physical grain properties, its ini-
tial moisture content and microwave heating intensity [9—
12, 15-17]. At the same time, data on the simultaneous
influence of grain fractional characteristics, moisture
content and microwave treatment power on popping effi-
ciency indicators under uniform experimental conditions
remain insufficiently systematized. This substantiates the
need for a comprehensive study of these factors and for
establishing the regularities of their influence on the pop-
ping efficiency of sorghum grain.

The aim of the work was to establish the regulari-
ties of the influence of sorghum grain properties and mi-
crowave treatment parameters on popping process effi-
ciency and to determine rational modes for obtaining
popped grain. To achieve this aim, the influence of initial
grain moisture content and microwave treatment power
on popping yield was studied, the influence of varietal
characteristics on yield, bulk density and expansion ratio
of the product was determined, the regularities of the
influence of grain fractional composition on MW-
popping efficiency were established, and rational treat-
ment parameters for fine and coarse sorghum grain frac-
tions were substantiated.

Materials and methods

The object of the study was sorghum grain Sor-
ghum bicolor (L.) Moench, grown under the conditions
of Ukraine. To evaluate the influence of microwave
treatment regime parameters, grain of the Dniprovsky,
Kafrske and Fulgus varieties was used, which differed in
morphological characteristics and kernel color. Further
studies of the influence of grain fractional composition
were carried out using grain of the Fulgus variety, which
was selected as the model object for an in-depth study of
the regularities of the MW-popping process. The physical
characteristics of the sorghum grain of the studied varie-
ties are presented in Table 1.

According to organoleptic quality indicators, the
studied sorghum grain samples complied with the re-
quirements of DSTU 4962:2008 “Sorghum. Specifica-
tions” and were characterized by the color and odor typi-
cal of healthy grain, without foreign impurities.

Before the experiments, the grain was conditioned
to the required moisture content. Grain moisture content
was adjusted by adding a calculated amount of water,
followed by tempering under sealed conditions for 24 h
at a temperature of (20£2) °C to ensure uniform moisture
distribution throughout the kernel volume. The initial
moisture content of the grain before microwave treatment
was varied within 13, 15, 17 % when establishing varie-
tal characteristics, and within 13-16 % when studying the
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Table 1 — Physical characteristics of the sorghum grain of the studied varieties

Variety Color Thovvz%nhi ggraln Bu'i;ﬁ?ﬁ 'ty, Moisture, % wb
Dniprovsky light bro:;’)’;t‘gv'th fark 28.1b+0.1 820.3b +2.0 12.5a+0.1
Kafrske white 22.2a+0.2 700.4a 2.4 12.3a+0.1
Fulgus bicolor from light 31.9c0.2 869.8¢ +2.0 13.0b0.1
brown to dark brown

Mean + Standard Deviation (S.D.); Different superscript letters within a column indicate statistically significant differences
between means (P < 0.05); means sharing the same letter are not significantly different.

popping ability of grain separated into fractions.

MW-popping was carried out in a domestic mi-
crowave oven with an electromagnetic field frequency of
2450 MHz. microwave treatment power was varied with-
in 450-700 W depending on the experimental design.
During the study of the influence of grain moisture con-
tent and microwave treatment power, the process dura-
tion was 150 s.

To evaluate the influence of fractional composi-
tion, the grain was additionally separated into fine and
coarse fractions by sieving through a sieve with a 4 mm
hole diameter. The fine fraction included kernels passing
through the @4 mm sieve; the coarse fraction included
kernels remaining on the @4 mm sieve.

The efficiency of the MW-popping process was
evaluated by popping yield (PY), bulk density of popped
grain (BD) and expansion ratio (VER) [11].

Popping yield (PY, %) was determined as the ra-
tio of the number of popped kernels to the total number
of kernels in the tested sample (popped and unpopped)
and was calculated using the formula:

n

n+n,

PY = -100% 1)

where n; —amount of popped grains, pcs

n, — amount of unpopped grains, pcs

The bulk density of popped sorghum (BD, kg/m?3)
was determined as the ratio of the product mass to the
volume of a measuring cylinder filled with the tested
sample and was calculated using the formula [11]:

m
BD v )
where m — weight of popped grains, kg

V — volume of popped grains, m®.

The volume expansion ratio (VER) was deter-
mined by the sand displacement method according to the
procedure of Joshi et al. [11] and was calculated using
the formula:

V,
VER =t ®)

2

where Vi — final volume of popped sorghum
grains, mi

© “3epHOBi IpoxykTH 1 KOMOiKOpME”’, 2026

V, — initial volume of pretreated sorghum grains,
ml.

All studies were carried out in at least three repli-
cations. The results are presented as the mean value and
standard deviation (Mean + S.D.).

Results and discussion.

Influence of grain moisture content and micro-
wave treatment power on the quality indicators of
popped sorghum

One of the main factors that determine the effi-
ciency of the MW-popping process for sorghum grain is
its initial moisture content and electromagnetic treatment
power. These parameters create the conditions for inten-
sive heating of the kernel, evaporation of internal mois-
ture and accumulation of the water vapor pressure re-
quired for its rupture [11,12].

To establish the regularities of the influence of
microwave treatment regime parameters, the study was
carried out on grain of the Fulgus, Kafrske and Dniprov-
sky varieties. The initial moisture content of the grain
was varied within 13-17 %, and microwave treatment
power was 450, 600 and 700 W at a constant process
duration of 150 s. The results of the study on the influ-
ence of grain moisture content and microwave treatment
power on the popping yield of sorghum are presented in
Fig. 1.

Analysis of the results obtained showed that the
pattern of influence of grain moisture content on popping
yield was similar for all the studied varieties. At a mi-
crowave treatment power of 450 W, the lowest popping
yield values were observed regardless of varietal charac-
teristics and initial moisture content of the raw material.
Increasing the power to 600 W was accompanied by an
increase in popping yield, while the maximum values of
the indicator were achieved at a power of 700 W.

For all the studied varieties, the highest popping
yield was observed at 15 % moisture content. Reducing
the moisture content to 13 % led to a deterioration in the
realization of the grain's popping ability due to insuffi-
cient water vapor formation and less intensive accumula-
tion of internal pressure inside the kernel. Increasing the
moisture content to 17 % was also accompanied by a
decrease in popping yield, which can be explained by the
increased share of energy spent on evaporating excess
moisture.

The results obtained are consistent with data from
other researchers who note the existence of an optimal
moisture range for sorghum grain before popping.
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Fig. 1 — Influence of moisture content and microwave power on popping yield of sorghum grain, %:
13 (a), 15 (b), 17 (c)

According to Mishra et al. [11], as well as Nakade
et al. [15], the highest popping yield is achieved at a
grain moisture content of about 14-16 %. In this case,
both insufficient and excessive moisture content nega-
tively affect the kernel-rupture process. This pattern is
explained by the need to ensure an optimal ratio between
the amount of water involved in generating internal vapor
pressure and the energy expended on its evaporation.

This pattern was most pronounced at a microwave
treatment power of 700 W, when the most favorable con-
ditions for realizing the popping ability of sorghum grain
were provided (Fig. 1). The maximum popping yield was
recorded for the Fulgus variety, which at 15 % moisture
content and 700 W microwave treatment power reached
92 %. For the Dniprovsky and Kafrske varieties, under
similar conditions, popping yield reached 64 % and 52
%, respectively. The results obtained confirm the signifi-
cant influence of both grain moisture content and micro-
wave treatment power on popping process efficiency.

The established positive relationship between mi-
crowave treatment power and popping yield is also con-
sistent with the results of researchers [12,16], who
showed that increasing the intensity of energy input pro-
motes a more complete realization of the popping ability
of sorghum grain and increases popping yield.

Thus, for the grain of the sorghum varieties stud-
ied, the most effective formation of popped grain oc-
curred at 15 % moisture content and 700 W microwave
treatment power. This mode was adopted as the baseline
for further comparison of the popping ability of the grain
of the studied varieties.

Influence of sorghum varietal characteristics on
MW-popping efficiency

It is known that the popping ability of cereal crops
is largely determined by the anatomical structure of the
kernel, the ratio of corneous to floury endosperm, the
physico-mechanical properties of the hulls and other ge-
netically determined varietal characteristics [9, 14].
Therefore, evaluating varietal differences is an important
stage in developing the technology for producing popped
sorghum and makes it possible to identify the most prom-
ising raw material for further technological studies.

For a comprehensive evaluation of MW-popping
efficiency, popping yield, bulk density of popped grain
and the expansion ratio of the native grain were deter-

7

mined. These indicators characterize, respectively, the
efficiency of realizing the grain's popping ability, the
degree of porous structure formation and the intensity of
kernel expansion during microwave treatment. The study
was carried out using the rational process parameters
established at the previous stage. The results of the study
are presented in Fig. 2.

Analysis of the results shown in Fig. 2 revealed
that the varietal characteristics of sorghum grain noticea-
bly affect the efficiency of the MW-popping process and
the quality of the resulting product. The studied varieties
differed significantly in popping yield, bulk density and
expansion ratio. The popping yield results obtained indi-
cate substantial differences in the ability of kernels of
different varieties to realize their popping ability during
microwave treatment.

A similar pattern was observed for the bulk densi-
ty of popped grain. The lowest bulk density was charac-
teristic of the Fulgus variety and amounted to about
69kg/ms, while for the Dniprovsky and Kafrske varieties
this indicator was about 105 and 115 kg/m?, respectively.
A decrease in bulk density indicates the formation of a
more developed porous structure and a higher degree of
kernel expansion during popping.

The expansion ratio was also maximum for the
Fulgus variety and amounted to 11.0. For the Kafrske
and Dniprovsky varieties, this indicator was 10.7 and 8.0,
respectively. Higher expansion ratio values indicate a
more intensive increase in kernel volume during MW-
popping and the formation of a product with better struc-
tural characteristics.

The results obtained are consistent with data from
other researchers who note the decisive influence of vari-
etal characteristics on the efficiency of the sorghum pop-
ping process. According to Rooney and Rooney [9],
Mishra et al. [11], as well as Golubinova et al. [10], dif-
ferent sorghum genotypes can differ significantly in pop-
ping yield and the degree of kernel expansion. The main
reasons for such differences are considered to be the ana-
tomical structure of the grain, the ratio of corneous to
floury endosperm, hull thickness and the physico-
mechanical properties of the pericarp [14].

The advantage of the Fulgus variety in the com-
plex of indicators studied is related precisely to the fea-
tures of the internal kernel structure, which ensure more
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Fig. 2 — MW-popping indicators (grain moisture content 15 %, power 700 W) of sorghum grain of differ-
ent varieties: a — popping yield, b — bulk density of popped grain, ¢ — expansion ratio of the grain

efficient accumulation of internal water vapor pressure
and the formation of a more developed porous product
structure during MW-popping [17].

Thus, a significant influence of sorghum varietal
characteristics on the efficiency of the MW-popping pro-
cess has been established. Based on the set of indicators
studied, the Fulgus variety showed the best results,
providing the maximum popping yield, the highest ex-
pansion ratio and the lowest bulk density of popped
grain. In view of the results obtained, the Fulgus variety
was selected for further study of the influence of grain
fractional composition on the efficiency of the MW-
popping process.

Influence of grain fractional composition on
MW-popping efficiency

The need to study the influence of the fractional
composition of the raw material on the efficiency of the
MW-popping process is due to the natural heterogeneity
of the grain mass in kernel size, which can affect the ab-
sorption of electromagnetic energy, heating rate, accumu-
lation of internal pressure and, consequently, the realiza-
tion of the grain's popping ability.

Analysis of the grain mass revealed significant
differences between the studied varieties in size composi-
tion. For the Dniprovsky and Fulgus varieties, the share
of the coarse fraction was 30.0 % and 26.0 %, respective-
ly, while for the Kafrske variety it did not exceed 1.8 %.
Accordingly, the share of the fine fraction was 70.0 % for

the Dniprovsky variety, 74.0 % for Fulgus, and 98.2 %
for Kafrske. The average kernel diameter of the studied
varieties ranged from 3.37 mm for the Kafrske variety to
3.80 mm for the Dniprovsky variety. The results obtained
indicate significant heterogeneity of the sorghum grain
mass in kernel size, which can affect the course of the
MW-popping process and the efficiency of realizing the
grain's popping ability.

To test this assumption, a study was carried out on
the influence of grain fractional composition on the
quality indicators of popped sorghum using a microwave
treatment power range of 450-700 W and a grain mois-
ture content of 13-17 %. Grain of the Fulgus variety was
used, which, according to the results of the previous
stage of the study, demonstrated the best technological
indicators. The results of the study are presented in Fig. 3
and Fig. 4.

As can be seen from Fig. 3, the popping yield of
sorghum from the fine grain fraction significantly de-
pends on the moisture content of the raw material and
microwave treatment power. The lowest values of the
indicator were observed at 13 % moisture content, indi-
cating insufficient water vapor formation for effective
accumulation of internal pressure in the kernel. Increas-
ing the moisture content to 14-15 % promoted intensifi-
cation of the popping process and an increase in popping
yield. The maximum popping yield of sorghum, namely
76 %, was obtained at 15 % moisture content and 600 W
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Fig. 4 — Popping yield of sorghum grain from the coarse fraction depending on moisture content and
microwave treatment power: 450 W (a), 600 W (b), 700 W (c)

microwave treatment power. A further increase in mois-
ture content to 16 % did not provide additional improve-
ment in results at high power levels, which may be relat-
ed to excessive energy expenditure on moisture evapora-
tion. The results obtained indicate that for the fine sor-
ghum grain fraction, the most effective treatment modes
are 14-15 % moisture content and 600 W microwave
treatment power.

According to Fig. 4, it was established that the
popping Yyield of sorghum from the coarse grain fraction
also depends on microwave treatment power and the ini-
tial moisture content of the raw material. At a power of
450 W, the maximum popping yield was 62 % and was
achieved at 14 % moisture content. Increasing the power
to 600 W provided a yield of 80-82 % regardless of
moisture content, while the best results were obtained at
a microwave treatment power of 700 W. Under these
conditions, the popping yield of sorghum was 92 % at a
grain moisture content of 15 %. The results obtained in-
dicate that for the coarse sorghum grain fraction, the
most effective treatment modes are 15 % moisture con-
tent and 700 W microwave treatment power.

Visual evaluation of the appearance and signs of
thermal damage of the resulting product confirmed the

9

feasibility of a differentiated choice of microwave treat-
ment modes depending on kernel size. For the fine frac-
tion, increasing the power to 700 W was not accompa-
nied by a proportional improvement in product quality
and was characterized by signs of local kernel overheat-
ing — darkening of the surface and a characteristic taste of
thermal damage. At the same time, at a power of 600 W,
a product with a light color, uniform structure and pro-
nounced crispness was formed. For the coarse fraction,
applying a power of 700 W at 15 % moisture content
provided a high popping yield without pronounced signs
of overheating.

The results obtained indicate a significant influ-
ence of kernel size on the efficiency of the MW-popping
process. The coarse fraction was characterized by higher
popping yield values compared to the fine fraction under
nearly all the treatment modes studied. This may be re-
lated to the larger kernel size and differences in the ratio
of structural components of the kernel, which affect the
course of heating and the accumulation of internal pres-
sure.

Similar patterns have been noted by other re-
searchers. In particular, Cabrera-Ramirez et al. [14] and
Mishra et al. [11] report a significant influence of the
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morphological features of the grain and its size character-
istics on sorghum popping efficiency: larger and more
uniformly sized kernels are able to provide a higher pop-
ping yield and better realization of popping ability.

Thus, it has been established that the fractional
composition of the grain significantly affects the effi-
ciency of the MW-popping process and determines the
rational modes for its implementation. Whereas for un-
separated grain the highest efficiency was provided by
the mode of 15 % moisture content and 700 W power,
after fractionation, differences in rational treatment pa-
rameters were established. For the fine fraction, the most
appropriate mode was 14-15 % moisture content and 600
W power, while for the coarse fraction the best results
were obtained at 15 % moisture content and 700 W pow-
er. Thus, fractionation of grain before MW-popping
makes it possible to differentiate the intensity of energy
input depending on kernel size, which can contribute to
improving the yield and quality stability of popped sor-
ghum.

Conclusions.

A consistent influence of initial grain moisture
content and microwave treatment power on the efficiency
of sorghum popping was established. For the studied
varieties, the highest popping yield was obtained at 15 %
moisture content and 700 W power, which allows these
parameters to be considered rational for MW-popping of
whole grain under the established experimental condi-
tions.

Significant varietal differences in the technologi-
cal suitability of grain for MW-popping were revealed.
The Fulgus variety was characterized by the highest pop-
ping yield — 92 %, the maximum expansion ratio — 11.0,
and the lowest bulk density of the finished product —
about 69 kg/ms3, while for the Dniprovsky and Kafrske

varieties the popping yield was 64 % and 52 %, respec-
tively. The results obtained provide grounds for consider-
ing the Fulgus variety as the most promising raw material
among those studied for further MW-popping.

It was established that kernel size determines the
manner in which popping ability is realized and the re-
quired intensity of microwave treatment. For the fine
fraction, the maximum popping yield was 76 % at 15 %
moisture content and 600 W power, while for the coarse
fraction, at 15 % moisture content and 700 W power, the
yield reached 92 %. At a power of 700 W, signs of local
overheating were observed for the fine fraction, confirm-
ing that it is inadvisable to apply the same treatment
mode to grain mass with different kernel sizes.

The established differentiation of rational MW-
popping modes by fraction substantiates the feasibility of
preliminary fractionation of sorghum grain. Separating
the grain mass by size makes it possible to match the
intensity of energy input with the size characteristics of
the kernels: for the fine fraction, applying 600 W pro-
vides a high popping yield without signs of overheating,
while the coarse fraction requires increased power of 700
W for effective realization of popping ability. Thus, frac-
tionation should be regarded as a technological raw-
material preparation operation that enables differentiated
regime control and increases the manageability of the
MW-popping process.

Based on the results of the study, it is recom-
mended to apply differentiated MW-popping modes de-
pending on grain size: for the fine fraction — 14-15 %
moisture content and 600 W power; for the coarse frac-
tion — 15 % moisture content and 700 W power. The
proposed approach makes it possible to take into account
the heterogeneity of the grain raw material and creates
technological preconditions for improving the stability of
yield and structural characteristics of popped grain.
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BILIUB BJACTUBOCTENM 3EPHA TA IAPAMETPIB
HBY-OBPOBKH HA E®@EKTUBHICTD ITOIIIIHI'Y 3EPHA COPI'O

Anomauin
Hocnidoicenns npucesuene 6cmanogieHHio 3aKOHOMIpHOCHEN 6NAUGY 61ACUBOCHIEl 3epHa cOp20 ma Napamempis
Haosucoxouacmomuoi (HBY) o6pobku na egpexmusnicmv npoyecy nonninzy. AkKmyanpHicme pobomu 3yMO8ieHA HeoOXIOHIC-
mi0 0OTPYHMYBAHHA MEXHONOIYHUX YMO8 GUPOOHUYMEA NOGIMPAHO20 3epHA COP20 MA 8PAXYEAHHS COPMOGUX I PO3MIPHUX
ocobrueocmeli cuposunu nio uac eubopy pesicumie HBU-06pooku. Memoro docriosicents 6y10 6CMAHOBNIEHHS GNIUBY COPMO-
8ux, Qizuunux i Gpaxyitinux XapaKkmepucmux 3epHa copzo, 1020 noyamroeoi eonococmi ma nomyoicnocmi HB9-06pobku na
egexmusHicb NONNiHZy ma oOTPYHMYBAHHS PAYIOHATLHUX napamempis npoyecy 0 pisnux @paxyii 3epua. Jocnioocenns
npoeoounu i3 seprom copeo copmig [Juinposcokuii, Kagpcoke ma @yneyc, nouamkosy 80102icme K020 3MIHIOBANU 8 MEINCAX
13-17 %, a nomyscnicme HBY-06pobru — 450-700 Bm 3a wacmomu enexmpomazuimuo2o noast 2450 MI'y i mpusanrocmi 06-
pooxu 150 c. E¢pexmusnicmo npoyecy oyinioeanu 3a 6uxo0om noGimpaHo2o 3epHa, 06 'EMHOI0 MACO0 ma KoegiyieHmom pos- I:l
wupenns. Bemanoesneno, wo 015 ecix docniocenux copmis Hatlguwuil GUXi0 NOBIMPAHO20 3ePHA 3a0e3neuy8ascst 3a 801020~
cmi 15 % ma nomyscrnocmi 700 Bm. 3a yux ymoe 6uxio nogimpsinozo 3epua ois copmy @yneyc cmanosus 92 %, [[ninposce-
K020 — 64 %, Kagpcoroeo — 52 %, wo niomeepoicye icmomuuili 6Mau8 COpmMosux Iacmugocmell 3epua Ha peanizayiio non-
enacmusocmeti. Copm @yneyc xapakxmepuzyeascs HAuGUWUM KoeQiyieHmom pozuuperus nogimpsanozo sepra — 11,0 ma
HAUMEHWO 00 EMHOI0 MACOI0 20M06020 NPOOYKmMY — 6u3bKo 69 Ko/M* wo ceioyums npo Gopmysans HAUOILW PO36UHe-
Hol' nopucmoi cmpykmypu. Bemarnoeneno maxooic icmomuuti 6naue KpynHocmi 3eprieox Ha egpexmusHicms HBUY-nonniney.
s OpibHoi gpaxyii naubinew epexmuenumu Oyau pesxcumu 3a eonoeocmi 14-15 % ma nomyacnocmi 600 Bm, 3a sxux max-
CUMATbHULL 8UXIO NOGIMPAHO20 3epHa cmarnosus 76 %. ITioeuwenns nomyosicnocmi 0o 700 Bm ons yiei’ ppaxyii cynposooxcy-
8AI0CS O3HAKAMU JIOKATbHO20 nepecpigants. /s kpynnoi ¢ppakyii nausuwuil uxio nosimpanozo zepua — 92 % — ompumano
3a 6onococmi 15 % ma nomyosicnocmi 700 Bm 6e3 o3nak nepecpisanus. Bemarnosnena ougepenyiayiss payioHanibHUX pexrcumio
BANENHCHO IO KPYNHOCMI 3ePHIBOK CELOUUMb, WO (PPAKYIOHYBAHHS € He TUUe ONePayicio MeXaniuHo20 KaliOpy8anHs Cuposu-
HU, @ MEeXHON0TUHUM NPUTIOMOM, AKUL 3abe3neuye y3200dcenns inmencuenocmi HBY-nazpisanns 3 posmipnumu xapaxmepu-
CIUKAMU 3epHIBOK [ 0038015€ 3anobicamu nepezpieantio OpioHoi paxyii npu ooHoyacHomy 3abe3neueHti BUCOK020 8UX00Y
nogimpaH020 3epHa 3 kpynnoi. Ompumani pe3yromamu 0OTPYHMOBYIOMb OOYLTbHICMb NONEPEOHbO20 PO30LNEeHHS 3ePHA COP2O
3a kpynuicmio neped HBY-nonninecom ma ougepenyitioganozo 6ubopy pexcumie obpobKu 01 okpemux @paxyii, wo cmeo-
Ppro€e nepedymosu 05t NiOBUWEHHS CIADIIbHOCMT MA MEeXHOA02TUHOI ePeKMUBHOCMT BUPOOHUYMBA NOBIMPSIHO20 3ePHA COP2O.
KuiouoBi cioBa: 3epHo, copro, Sorghum bicolor (L.) Moench; nosiTpsiHe copro; noBiTpsiHi NpoayKkTH; HaBH-
cokoyacToTHa 00podka; HBY; monminr; TexHosoriuni mapamerpu; ¢ppakuionyBaHHs 3epHA; BUXiJ MOBITPSIHOIrO 3ep-
HA.
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