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driver of the development of the cereal industry in Ukraine 
can be entering the EU market of healthy food (wholegrain, 
organic farming, gluten-free dietary products).

The popularity of a particular type of cereal varies ac-
cording to awareness of its usefulness and purchasing power 

1. Introduction

Today, the production of cereals and wholemeal flour from 
common wheat and spelt has gradually decreased. This is the 
market reaction to the dynamics of population decline. The 
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The effect of water-heat treatment 
and time of electromagnetic irradia-
tion on the yield and quality of flat-
tened wholegrain cereal from emmer 
wheat is investigated. A comparative 
analysis of cereal yield and cooking 
time at different moisture contents and 
time of electromagnetic irradiation of 
grain before flattening is carried out. 
The degree of influence of the inves-
tigated factors on the total yield of 
flattened wholegrain cereal and high-
grade flattened cereal is determined.

The effect of electromagnetic irra-
diation on the yield of high-grade flat-
tened cereal is significant. Moistening 
does not affect the overall cereal yield. 
The highest total yield of cereal was 
obtained after grain irradiation for 
20–80 s, and the lowest – after 180 s. 
The highest yield of high-grade flat-
tened cereal was obtained with an 
irradiation time of 80–100 s, while the 
lowest – 20 s.

Moistening of emmer wheat grain 
by 1.0 % allows increasing the yield 
of high-grade flattened cereal from 
89.6 to 92.3 %. In this case, the opti-
mal irradiation time is reduced from 
100 to 80 s.

It is found that emmer wheat grain 
cereal is of high culinary quality. The 
cooking time of high-grade cereal is 
reduced as a result of moistening and 
electromagnetic irradiation of grain. 
With short-term electromagnetic irra-
diation of grain (20 s), the cooking 
time of high-grade cereal is 19.1 min-
utes, and after long-term (180 s) it 
decreased to 15.9 minutes.

The use of optimal processing 
parameters (moistening by 1.0 %, 
irradiation for 80–100 s) provides 
the 91.7–92.3 % yield of high-grade 
wholegrain flattened cereal with 
a culinary score of 7.3 points. The 
cereal quality meets the requirements 
of DSTU 76992015. The difference 
from the classical method is the use 
of unhulled emmer wheat grain. The 
developed recommendations can be 
used by enterprises to intensify pro-
duction
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– description of the mechanism of action of microwave 
irradiation on emmer wheat grain depending on moisture 
content;

– determination of dependences by means of complex 
analysis.

Determining patterns of influence of various parameters 
of water-heat treatment of emmer wheat grain will allow 
predicting the technical indicators of cereal production. In 
addition, it is necessary to optimize the yield of high-quality 
cereal. Research is therefore relevant.

2. Literature review and problem statement

Emmer wheat is a well-known crop in the world, as 
Triticum dicoccum is often used as a starting material in 
the interspecific and intergeneric hybridization of wheat. 
Examples of successful use of emmer wheat in breeding 
and subsequent hybridization with hulless wheat are giv-
en in [18, 19]. It is shown that it is possible to obtain new 
varieties with characteristic properties of emmer wheat, in 
particular unpretentiousness to biotic, edaphic, climatic and 
other factors. At the same time, excellent cereal qualities of 
the grain are preserved. Nowadays, emmer wheat is gaining 
popularity in food production. Emmer wheat flour is used to 
improve common wheat flour, or to replace it completely [6]. 
Produced bread products have a yellow tint with a nutty 
aroma. According to the results of studies presented in [6], 
there is a difference between the technological properties of 
emmer wheat and common wheat, which necessitates the ad-
aptation of classical baking technologies. When making bak-
ery products from emmer wheat flour, a period of rest after 
kneading is needed for the flour polymers to swell. After that 
the dough acquires elasticity and firmness. Emmer wheat 
flour is suitable for products with low gluten requirements: 
cookies, cupcakes, waffles, biscuits [6].

Given the current features of the cereal market, in par-
ticular, the high demand for organic products, the processing 
of emmer wheat grain into cereals is a promising area. The 
work [14] shows the level of using emmer wheat grain in 
modern diets. It is noted that traditional emmer wheat prod-
ucts (whole and ground cereals) have a better taste, texture 
and aroma compared to similar products made of common 
wheat. Thus, semolina from emmer wheat grain has higher 
culinary properties compared to common wheat cereal and 
similar culinary score to durum wheat cereal [14].

Emmer wheat cereal boils quickly and does not form 
mucus during cooking. Porridge has a beautiful appear-
ance, good crumbliness, pleasant smell and taste, increased 
biological and nutritional value. However, these studies 
concern the manufacture of ground and wholegrain cereals. 
In addition, the formation of culinary quality depending 
on the elements of processing technology is not sufficiently 
studied [14].

Water-heat treatment of wheat grain has a significant im-
pact on the physical properties of grain. It significantly affects 
the range and nature of changes in the internal structure of 
processed raw materials. Traditionally, grain is first hulled. The 
obtained cereal product has a reduced biological value due to 
the reduction of water-soluble fractions of protein, fiber, lipids 
and minerals contained in the surface layers of grain.

The importance of water-heat treatment and effect on 
the yield of triticale flattened cereal are given in [20]. It is 

of the population. An important prerequisite for stable mar-
ket demand is the culinary quality of food. Currently, the 
main consumer trends are fast and instant cereals. The range 
of these cereals is constantly growing. At the same time, the 
market for food products grown by organic farming and glu-
ten-free products is developing.

Emmer wheat (Triticum dicoccum (Schrank) Schuebl) is 
a type of film wheat. This species is thought to have originat-
ed from the wild Middle Eastern wheat Triticum dicoccoides 
Schweinf (wild wheat). Representatives of emmer wheat 
are characterized by endurance to excessive moisture and 
drought, cold resistance. In addition, they are tolerant of 
many fungal diseases, undemanding in soil fertility. The re-
sistance of emmer wheat to powdery mildew and brown rust 
in organic farming was revealed. Grains in the ears are pro-
tected from pests and adverse external influences by a dense 
coverage with flower and spikelet scales. Given these advan-
tages, emmer wheat is widely used in organic farming [1–3].

The biochemical properties of emmer wheat grain vary 
widely. The similarity of chemical composition and techno-
logical parameters with durum wheat is noted. The content 
of the main grain components is as follows: protein from 12.7 
to 25.7 %; starch from 50.0 to 66.2; lipids from 0.9 to 4.9; 
fiber from 1.0 to 2.17 % [4–9]. Emmer wheat grain is quali-
tatively different from common wheat in terms of nutritional 
value [6, 7, 10, 11]. Lutein is more found in emmer wheat, 
which is expressed by a yellow tint of flour. Its significant 
content can be important for the prevention of visual disor-
ders [12]. Emmer wheat grain contains more selenium, iron, 
manganese, zinc and copper than common wheat [11].

World production of emmer wheat is about 1 % of total 
wheat production [13, 14]. However, there is a steady increase 
in its production, particularly in the developed countries 
of Europe and North America. In the food industry, emmer 
wheat is used to make cereals and flour. Emmer wheat grain 
has high dietary properties. Due to slow absorption of starch, 
emmer wheat has a low glycemic index [11, 15]. It also con-
tains fewer allergens than common wheat and spelt. The prod-
ucts of emmer grain processing have high culinary quality.

It is known that the biochemical composition of the an-
atomical components of wheat grain differs. Most bioactive 
and phenolic substances are mainly concentrated in the out-
er layers (fruit, seed shells, aleurone layer) and germ. In tra-
ditional production of most types of cereals, their nutritional 
value in relation to grain is significantly reduced. Thus, the 
use of wholegrain products is considered the best solution 
to reduce the loss of bioactive compounds and increase the 
benefits for human health [16]. However, wholegrain cere-
als have worse culinary properties compared to traditional 
hulled cereals.

In response to the growing demand, the production of 
emmer wheat grain is increasing [17]. There is a need to find 
optimal methods to process it. However, due to low aware-
ness of the cereal and milling properties of emmer wheat 
grain, processing plants are unable to effectively use the 
potential of this crop. Today, cereal production requires low 
initial investment. This is especially true for the latest heat 
treatment solutions. Therefore, there is a significant invest-
ment attractiveness due to low risks.

A known way to intensify grain processing technologies 
is the use of microwave irradiation. However, it is not used 
for wheat grain processing, and the level of research on this 
issue is insufficient. Therefore, the priority is given to:
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shown that an increase in hulling time significantly reduces 
the yield of cereal, but improves the culinary quality. Moist-
ening of the grain had little effect on the yield and quality of 
the wholegrain cereal. The value of culinary quality together 
with the yield of wholegrain cereal increased with the use of 
larger grains due to the smaller number of hulls compared 
to small grains. From the results of [20], it follows that the 
formation of the culinary quality of flattened cereal depends 
on the residual content of hulls. At the same time, samples 
with a significant residual amount of fiber (hulls) had low 
culinary quality, which did not meet the competitiveness 
of the new finished product. The low suitability of triticale 
grain for the production of wholegrain cereals is evident as 
they have poor culinary quality.

The most similar in technological properties to emmer 
wheat grain is spelt. The cereal properties of spelt grain 
are sufficiently studied, in particular in [21]. A significant 
change in the cereal properties of spelt grain depending on 
the variety and line is proved. However, the disadvantage 
of [21] is the unresolved issues related to the influence of va-
rietal features and endosperm content on the culinary prop-
erties of cereals, which is an important indicator of the com-
petitiveness of a new product. The solution of the issue of the 
influence of cereal production parameters on the yield and 
culinary quality of the finished product (spelt wholegrain 
cereal) is given in [22]. It is shown that grain moistening 
has a significant but smaller effect on the yield of wholegrain 
cereal compared to hulling. The probability of the effect of 
softening time on the yield of wholegrain cereal was low. 
Most culinary indicators varied significantly depending on 
grain hulling time. The effect of water-heat treatment on the 
overall culinary score was insignificant.

The issue of hot conditioning of spelt (steaming and 
softening) is considered in [23]. It is shown that the yield 
of flattened cereals decreases with increasing grain hulling 
time. The reason is a decrease in the content of the hulls that 
held the endosperm particles. In [23], it is noted that with 
increasing grain hulling index, the cooking time of cereal de-
creases. The cooking time of flattened cereal does not depend 
on softening time, and steaming does not affect significantly. 
The parameters of water-heat treatment do not affect the 
culinary properties of porridge. Regardless of the time of 
grain steaming and softening, porridge with the lowest grain 
hulling coefficient had the worst consistency. The porridge 
had a tough consistency, crunched when chewed and formed 
lumps. Therefore, the spelt varieties studied in [23], similar to 
triticale grain, are not recommended for wholegrain products.

In [24], the results of studies related to the production of 
flattened cereals from emmer wheat grain are presented. It is 
shown that the use of grain processing in a microwave oven 
is technically possible. It is noted that a higher yield of flat-
tened cereal is provided by the use of grain (without hulling) 
compared to the technology of producing wholegrain cereal. 
The time of grain processing in a microwave oven most af-
fects the total yield of cereals and high-grade flattened cere-
al. Grain moistening does not significantly affect the yield of 
high-grade flattened cereal, regardless of the hulling or time 
of microwave irradiation. The culinary quality of high-grade 
flattened cereal porridge was not affected by moistening 
and irradiation. The consistency of porridge from flattened 
grain (without hulling) was quite tender, well chewed, with 
a weak crunch. The disadvantage of [24] is the low biological 
value of the studied raw materials, in particular low protein 
content (11.7 %) and powdery type of endosperm. It is inter-

esting to study high-protein grain, because differences in the 
technological properties of new varieties of emmer wheat can 
cause quantitative and qualitative changes under the same 
production conditions of flattened cereals.

From the studies presented in [20, 22], it follows that 
a product with high culinary quality can be obtained only 
by releasing triticale and spelt grain from the surface layers 
containing the major amount of dietary fiber. The work [12] 
focuses on the importance of dietary fiber for nutrition. One 
of the most affordable and cheap sources of dietary fiber is 
wholegrain products.

Differences in the technological properties of emmer 
wheat and common wheat, presented in [6], as well as the 
influence of varietal features on the yield and quality of ce-
reals, determine the feasibility of studying the suitability of 
high-protein varieties of emmer wheat for the production of 
wholegrain products.

Along with the culinary quality of the finished product, an 
important indicator for the modern consumer is cooking time. 
Improving production technologies of food with low cooking 
time is a promising direction, as it has positive feedback from 
the end consumer and can be used in marketing strategies.

Reducing the cooking time of cereals and increasing 
their storage life are achieved using rigid methods of wa-
ter-heat treatment, including hot conditioning.

Most grain processing plants use the method of grain 
steaming at excess pressure. The purpose of this process is 
to reduce the brittleness of the kernel, increase plasticity, 
which reduces the brittleness of cereal during flattening. 
During steaming, the grain is moistened and heated. Steam 
condenses on the surface of the kernel and is absorbed by 
the grains. Further penetration of moisture into the nucleus 
helps to increase the plasticity of the endosperm. As a result, 
the cereal yield increases and cooking time decreases [23]. 
The disadvantage of traditional hot conditioning methods 
is a significant increase in moisture content, which causes 
grain sticking. Before flattening, the moisture content 
should not exceed 23–25 %, and the final moisture content 
of flattened cereal should not exceed 14.0 %. The recom-
mended moisture content of grain at all processing stages is 
achieved through drying, which is quite a costly operation.

An innovative method of water-heat treatment that sig-
nificantly reduces the energy consumption of the process is 
infrared (micronization) and microwave irradiation.

A significant disadvantage of the micronization process 
is the resource-intensive process of preliminary moistening 
and softening of grain. When using infrared irradiation, 
it is necessary to increase the grain moisture content  
to 28.0–34.0 %.

Microwave irradiation has a number of advantages and 
is widely used in food production: heating or thawing 
products, drying pasta, cooking, etc. In grain processing, 
microwave irradiation is used for disinfection, drying and 
improving the technological properties of grain, but there 
are recommendations [25] regarding introducing microwave 
irradiation as heat treatment of grain. 

In [25, 26], it is noted that in the food industry, magne-
trons are commonly used as a microwave source. The operat-
ing irradiation frequency of magnetrons ranges from 915 to 
2,450 MHz. In domestic use (microwave oven), the frequen-
cy of 2,450 MHz is used. Therefore, microwaves are not ion-
izing in nature. Microwave irradiation does not have enough 
energy to cause chemical changes compared to radioactive 
irradiation, so the resulting products are safe to eat.
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Microwave irradiation causes oscillations of bound elec-
tric charges (dipoles) in the grain. This creates dielectric 
heating at the sites of water and lipids. The microwave elec-
tromagnetic field does not actually affect the chemical com-
position. The driving factor of processes in the grain is heat.

In [27–29], the results of studies of the effect of grain 
heating by the convective method and microwave irradiation 
are presented. It is shown that under the action of microwave 
irradiation there is comprehensive heating of the grain. Such 
heating causes an intense transition of water into a gaseous 
state. During this process, the grain size increases, and the in-
ternal structure of the grain becomes powdery. In the central 
parts of the grain, physicochemical transformations occur, in 
particular the breakdown of protein chains, dextrinization of 
starch. Concomitant processes are an increase in the content 
of water-soluble substances, nutritional value, digestibility of 
the finished product and reduction of the cooking time of ce-
reals. In [30], the results of studies on the effect of buckwheat 
grain treatment in a microwave oven are given. It is shown 
that fungal spores are destroyed as a result of microwave 
irradiation. Products after treatment in a microwave oven 
increase their microbiological safety and shelf life.

An important aspect when choosing grain processing 
methods and modes is the preservation of functional prop-
erties. In [31], the effect of electromagnetic radiation on 
grain crops is given. It is shown that irradiation of wheat 
grain in a microwave oven does not significantly affect the 
content of useful nutrients. In [28, 32], the results of studies 
of changes in the biochemical composition and technological 
properties of common wheat grain are presented. It is shown 
that after microwave irradiation no significant changes in 
the amount of protein were detected. However, partial de-
naturation of gluten occurs. The essence of changes in the 
qualitative composition of proteins is given more thoroughly 
in the study of buckwheat grain treatment in a microwave 
oven [30]. It is shown that under the action of microwave 
irradiation, partial denaturation of protein occurs. At the 
same time, there is an increase in the content of certain free 
amino acids, namely lysine, isoleucine, methionine, phenyl-
alanine, threonine. However, the nitrogen content remained 
the same, which indicates the absence of protein destruction. 
With a significant increase in temperature, after microwave 
irradiation, thermal denaturation of glutenin proteins oc-
curs in the grain [32]. One manifestation is a decrease in 
the cross-reactivity of gliadin with the R5 antibody. The 
processes occurring in the grain under the action of micro-
wave irradiation are studied insufficiently. However, it can 
be argued that processing grain in a microwave oven does 
not significantly affect the biological value of the product. 
It is advisable to use microwave radiation to obtain dietary 
products for groups of people with gluten sensitivity.

The rate and degree of heating significantly depend 
on the time and power of microwave irradiation. It is 
known [30] that the growth rate of the grain temperature is 
greater at a higher generated power of the magnetron. At the 
same magnetron power – at lower moisture content of grain. 
This is because heating grain with higher moisture content 
requires more energy. On the other hand, higher moisture 
content of grain leads to the formation of more steam and 
more intense biochemical processes. After evaporation of 
free water, the temperature of the product rises rapidly, cre-
ating a risk of fire.

The use of microwave irradiation in the manufacture of 
cereals is little covered in the literature. Most often, micro-

wave irradiation is used to produce “puffed” cereals from 
corn and buckwheat grains. The effect on the yield and qual-
ity of flattened cereals from emmer wheat grain is not found 
in the literature. Most studies concern the technological 
and rheological properties of flour obtained from irradiated 
grain [31, 32]. Some works are devoted to changes in the 
biochemical composition and safety of consumption [29, 30]. 
These properties do not describe the effect on the yield and 
quality of flattened cereals.

In market conditions, the quantitative yield of cereal 
loses its priority. The competitiveness of cereal depends on 
quality and price. These factors regulate consumer demand. 
Therefore, it is reasonable to study the relationship between 
different grain treatment times, yield and culinary charac-
teristics of the finished product.

The cost of cereal can be reduced by increasing the yield, 
but to ensure competitiveness cereals should be produced 
under optimal modes, which combine three factors: the yield, 
culinary quality and biological value of cereal.

In [25, 28, 32], which studied microwave irradiation 
of cereal grains, no effective method was proposed in the 
production of flattened cereals, and the issue of processing 
emmer wheat into wholegrain flattened cereals using micro-
wave irradiation was not studied. Mechanisms need to be 
found to change the yield and culinary quality of cereal de-
pending on irradiation time and moistening of emmer wheat 
grain, which is an interesting question from a theoretical and 
practical point of view. Determining patterns and mecha-
nisms will intensify cereal production. This is a prerequisite 
for the transfer of technological solutions and their applica-
tion in the existing cereal plants of different capacities.

3. The aim and objectives of the study

The aim of the study was to determine optimal modes of 
irradiation and moistening of emmer wheat grain in terms of 
yield and culinary quality of the finished product. This will 
make it possible to produce flattened emmer wheat cereal 
with high culinary quality. Quality indicators of cereal will 
meet the requirements of DSTU 1055: 2006. “Quick-cooking 
cereals. Specifications” and ISO 22000: 2005 “Food safety 
management system implemented in the production”. The re-
sults of the study will be valuable for low-capacity enterprises.

To achieve the aim, the following objectives were set:
– to determine the effect of microwave irradiation time 

and moistening of emmer wheat grain on the yield of cereal;
– to determine the possibility of microwave irradiation 

of grain in the production of flattened cereals;
– to investigate the culinary quality of cereal depending 

on production parameters;
– to substantiate rational modes of processing emmer 

wheat grain into cereal.

4. Methods of studying the influence of production 
parameters on the yield and quality of flattened cereal

4. 1. Raw materials for studying the efficiency of mi-
crowave treatment in cereal production 

Emmer wheat grain of the Golikovska variety (the first 
emmer wheat variety in Ukraine) was used for the study. Raw 
materials were grown in the right-bank Forest-Steppe (Educa-
tional and Production Department of the Uman National Uni-
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versity of Horticulture (Uman, Ukraine)). The initial moisture 
content of grain was 12.0 %; protein content was 14.3 %.

4. 2. Methods for studying the effect of microwave 
treatment

The study was conducted in the laboratory of the De-
partment of Grain Storage and Processing Technology of the 
Uman National University of Horticulture (Uman, Ukraine).

The production of flattened cereal from wheat grain was 
modeled in the laboratory (Fig. 1) in accordance with the 
“Rules of organization and conduct of technological process-
es at cereal plants” [33].

Water-heat treatment of grain included moistening and 
microwave irradiation. The amount of water required to 
moisten the grain was calculated in accordance with the 
recommendations of the “Rules of organization and conduct 
of technological processes at cereal plants” [33].

Microwave irradiation of grain was performed in a 
RAINFORD RMW-301 DGC/S microwave oven (China), 
rated power 1,000 W, microwave frequency 2,450 MHz. This 
device is not specialized laboratory equipment. However, it 
should be noted that many researchers also use household 
microwave ovens. This creates some errors in research, due 
to the imperfect distribution of electromagnetic radiation, 
because they were not designed for this purpose [25]. How-
ever, they provide an opportunity to study the necessary 
general aspects of the effect of microwave radiation on grain.

The mass of the sample was 100 g. The sample was evenly 
distributed on a round plate. After microwave irradiation, 
the raw material was flattened without allowing the grain to 
cool. The reduction of the distance between the rolls of the 
flattening machine causes an increase in the production of 
broken cereals.

The grain was treated according to factorial design (Ta-
ble 1). It contained all possible combinations of factors, 
repeated at each level the same number of times.

Table 1

Steps and levels of variation of the experiment determining 
the effect of production parameters on its efficiency

Level Irradiation time, s 
Moisture con-

tent, %

Minimum 20 12.0

Zero 100 13.0

Maximum 180 14.0

Step 80 1.0

The factor of softening time was not studied. According 
to the recommendations for wheat grain processing [33], the 
mode was chosen for all options, which included a softening 
time of 30 minutes.

 

Fig. 1. Schematic diagram of production of flattened cereal in the laboratory
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After cooling, the cereal mixture was sep-
arated on an RLU-1 laboratory plansifter. 
5 fractions were obtained using three sieves 
with round holes (6.5; 3.2; 2.0 mm) and a wire 
sieve (No. 0.67). Considering the geometric 
dimensions and fragility of the grains during 
flattening, the obtained fractions had flakes 
with different widths, which varied among the 
working dimensions of the respective sieves. 
For example, the width of the flakes obtained 
by the 3.2 sieve outsiftings and 2.0 sieve tail-
ings ranged from 2.0 to 3.2 mm. Detailed char-
acteristics of the fractions are given in Table 2.

Culinary evaluation was performed ac-
cording to the patent No. 104152 “Method of 
culinary evaluation of cereals from triticale 
and wheat grain”.

Table 2

Characteristics of different fractions of flattened cereal

Fraction number Production conditions
Flake diam-

eter, mm

stuck grains 6.5 mm sieve tailings <6.5

high-grade flattened 
cereal 

6.5 mm sieve outsiftings 
3.2 mm sieve tailings

6.5–3.2

first-grade flattened 
cereal

3.2 mm sieve outsiftings 
2.0 mm sieve tailings

3.2–2.0

chop (cereal)
2.0 sieve outsiftings 

No. 0.67 sieve tailings
2.0–0.67

feed meal No. 0.67 sieve outsiftings >

4. 3. Statistical processing of experimental data
The study was performed in three repetitions that 

were randomized over time. The results were processed 
using Microsoft Excel 2010 (Microsoft, USA) and Sta-
tistica 12 (Dell, USA) in accordance with the guide-
lines [34, 35]. The degree of influence of factors was deter-
mined according to Partial eta-squared (Ƞ²). The degree 
of influence was estimated by the following distribution: 
0.01–0.06 – low; 0.06–0.14 – average; more than 0.14 – high 
influence. A Pareto diagram was used to determine the pro-
portion of factor influence.

5. Results of studying the effect of moistening and 
irradiation of grain on the yield and quality of flattened 

cereals

5. 1. Yield of flattened wholegrain cereal
Samples of yield data for all fractions of cereals and feed 

meal obtained without moistening and after moistening for 
different times of microwave processing are summarized  
in Table 3.

The variation of the sample data on the yield of the three 
fractions of cereals obtained after moistening was smaller 
compared to those obtained without it. This indicates a small-
er deviation of the values of the corresponding parameter from 
the average value of the sample. The variation of the sample 
data on the yield of cereals and related products (chop and 
meal) was significant (Coef.Var.>10). The variation of the 
samples of the total cereal yield was insignificant, which indi-
cates a low probability of the effect of microwave processing 
parameters of the samples on the corresponding indicator.

The relationship between the total cereal yield (p<0.05), 
the yield of high-grade flattened cereal (p<0.05), water-heat 
treatment parameters (p<0.05) and microwave irradiation is 
determined (Fig. 2).

Fig. 2. Effect of microwave irradiation and moistening of grain 
on the total yield of cereals and high-grade cereal: a – effect 
of moistening, %; b – effect of microwave irradiation time, s

The total yield of cereals did not change significantly 
with different moistening gradients. At different times of 
microwave irradiation, this figure varied from 90.4 to 98.6 %. 
The yield of high-grade flattened cereal changed significantly 
with moistening. The average value of this indicator increased 
compared to dry grain by 18 % with a moisture gradient  
of 1.0 %. Microwave irradiation time had a greater effect on 
the yield of high-grade cereal. For a duration of 20 to 100 s, 
the yield of this cereal increased to 90.6 %. After increasing 
the irradiation time (180 s), the yield decreased by 1.5 times.

Table 3

Variability of the yield of flattened cereals after and without moistening

Statistical 
processing 
parameter

Cereal yield, %
Total cereal 

yield, %
Meal, %High-grade 

cereal
First-grade 

cereal
Chop

Mean 66.3a/78 b 21.9a/14b 7.7a/4b 95.8a/96.1b 4.2a/3.9b

Median 76.3a/81.6b 17.1a/10.3b 5.8a/3.3b 96.4a/97.3b 3.6a/2.7b

Minimum 14.5a/45.6b 6a/4.3b 1.9a/1b 90.2a/89.3b 1.2a/0.8b

Maximum 89.8a/92.4b 55a/40.2b 27.2a/11.2b 98.8a/99.2b 9.8a/10.7b

Standart 
Error

24a/12.9b 16.9a/9.7b 7.4a/3b 2.8a/3b 2.8a/3.0b

Coef.Var. 36.3a/16.5b 77.3a/69.1b 96.9a/73.5b 3a/3.1b 68.2a/76.1b

Note: a – indicators without moistening; b – indicators after moistening.

 

 
 

 

а
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5. 2. Substantiation of the usefulness of microwave 
irradiation during cereal production

Grain moistening is gradual due to anisotropy. The pene-
tration of moisture into the inner layers of the grain depends 
on many factors, including moisture gradient, softening 
time, temperature of water and the environment [20]. In 
addition, the characteristics of the surface layers of the grain 
(hulls and aleurone layer) have a significant impact on the 
course of the moistening process.

The greatest effect on the yield of cereal was due to the 
time of microwave irradiation of grain (Fig. 3).

The degree of influence of grain moistening varied de-
pending on the considered indicator. For the total yield of 
cereal, grain moistening was not essential, which makes it 
possible to exclude the corresponding operation from the 
technological process. In the context of the high-grade cereal 
yield, grain moistening has a significant effect (the level of in-
fluence is 7 times higher than the effect of grain moistening).

Additional costs for selecting high-grade flattened emmer 
wheat cereal can be offset by the cost of the finished product 
of high culinary quality and stable demand for it. There-
fore, microwave irradiation 
of grain in the production of 
flattened cereals is possible 
at low-capacity enterprises. 
The use of microwave radia-
tion at high-capacity plants 
requires additional research 
and industrial testing.

5. 3. Culinary quality of 
flattened cereal

It is known [20] that the 
culinary properties of the 
finished product are crucial 
for the end consumer. Culi-
nary properties (taste, color, 
consistency during chew-
ing) are significantly affect-

ed by grain hulling [20, 22]. Varietal characteristics of grain 
have a somewhat smaller effect. Grain moistening does not 
significantly affect the quality of porridge [24].

It is known that grain hulls degrade the culinary quality 
of the finished product in terms of consistency during chew-
ing and color and also significantly increase the time of por-
ridge cooking. Since one variety of emmer wheat was used, 
the overall culinary quality of the cereal did not change 
depending on the processing elements.

The smell of the porridge was 
weak (5.7 points), and the consistency 
during chewing was tough (5 points). 
Despite this, the overall culinary quality 
of the porridge was high (7.3 points). Af-
ter cooking, swollen grains retained their 
shape. This positively affected the exter-
nal attractiveness of the porridge. With a 
similar culinary quality of the porridge, 
we obtained flattened cereal from em-
mer wheat grain with a hulling index of 
3.2–6.9 % [36]. However, the steaming 
method was then used as heat treatment. 
Obviously, in the production of flattened 
cereals by microwave irradiation, grain 
hulls soften. This can be explained by 
the greater weakening of the linkage of 
high-polymer macromolecules.

The overall culinary quality of the 
first-grade cereal did not differ signifi-
cantly from the high-grade one. How-
ever, the external attractiveness of this 
porridge is lower because the grains 
somewhat lost their shape after cooking. 
This is due to the fact that they have an 
irregular shape with a torn periphery.

The cooking time does not directly af-
fect the overall culinary quality. Information on the reduction 
of cooking time should be used as a positive factor for market-
ing purposes. Water-heat treatment of grain had a significant 
impact on the cooking time of high-grade cereal (Fig. 4, a). 
Thus, moistening by 1 % caused a decrease in cooking time 
by 7 % compared to dry grain. Microwave irradiation of grain 
had a greater effect on the cooking time (Fig. 4, b).

For 20 s of microwave irradiation, the cooking time  
was 19.1 min. The increase in treatment time to 180 s re-
duced the cooking time to 15.9 min or by 17 %.

 

  

  

  

 

a

b

Fig. 3. Degree of influence of water-heat treatment parameters of grain on the 
yield of cereal: a – total yield; b – high-grade cereal yield 

 

 а

Fig. 4. Effect of grain moistening and microwave irradiation on the cooking time of high-grade 
grain: а – effect of moistening; b – effect of microwave irradiation

b
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5. 4. Rational modes of processing emmer wheat grain 
into cereal

To determine the optimal grain processing modes, a desir-
ability function is constructed. The conditions of optimization 
can be cereal yield and culinary quality. Thus, in studies, the 
culinary quality of porridge did not change under different 
processing modes. Therefore, it is advisable to choose the pro-
duction modes that provide the highest yield of high-grade ce-
real. Moistening emmer wheat grain by 0.5–1.0 % before mi-
crowave treatment has the greatest effect on the cereal yield.

The optimal time of grain irradiation is from 80 to 100 s. 
During this time, the largest amount of high-grade cereal 
was obtained, 91.3–92.3 %.

6. Discussion of the results of the study of processing 
emmer wheat grain into flattened cereal

An increase in the time of microwave irradiation of 
grain (up to 100 s) at different moisture contents contributed 
to a significant increase in high-grade cereal (Fig. 2, b). This 
is due to the effect of microwave irradiation on biochemical 
processes in the grain. During irradiation, the grain was 
heated, accompanied by transformations in protein and starch 
complexes. The obtained trends are similar to the results giv-
en in [28, 32], which determines the similarity of the response 
to irradiation of emmer and common wheat. Proteins are 
denatured into simpler components. Partial dextrinization of 
starch takes place. At the same time, these complexes acquire 
adhesive properties. However, with prolonged microwave 
irradiation (over 100 s), the grain components are exposed to 
high thermal effects. Prolonged high-temperature treatment 
of grain is accompanied by deep irreversible processes. Pro-
teins and starch lose their adhesion ability. As a result, the 
grains do not stick together after deformation between the 
rolls of the flattening machine. The yield of high-grade cereal 
decreases, while the yield of first-grade cereal and related 
products (chop, meal), on the contrary, grows.

Grain moistening improved the yield of high-grade cereal 
by 18 % (Fig. 2, a). With a moisture content of 0.5 %, a rapid 
increase in the total yield of cereal was observed (66.3–75.7 %). 
An increase in the moisture index to 1.0 % contributes to 
a further increase in cereal yield, characterized by lower 
intensity. Therefore, excessive moistening of the grain is im-
practical. The positive effect of grain moistening is explained 
by the formation of a film on the grain surface, which inhibits 
the rapid evaporation of moisture from the grain. As a result, 
biochemical processes in the grain are accelerated.

The results of the studies show that processing grain in 
the microwave field has a positive effect on the yield of cere-
al. There is equipment for irradiation with continuous oper-
ation. This is important because the use of equipment with 
periodic operation is less efficient and requires a significant 
increase in fixed assets (operational hoppers for grain soften-
ing). After heat loss, the endosperm of the irradiated grain is 
fixed due to the gelatinization of proteins with starch.

Traditional methods of water-heat treatment in the pro-
duction of flattened cereal [33] have significant disadvan-
tages: frequency (the need for tempering); dependence on 
environmental conditions (decrease in temperature requires 
an increase in softening time, or additional heating of grain 
and water); the need for drying. Microwave irradiation can 
be an alternative to the traditional steaming process, as it 
eliminates most of its disadvantages.

Microwave processing of grain is accompanied by positive 
changes in the culinary quality of the finished product, in 
particular, significantly improves its smell. After 100–120 s of 
irradiation, the cereal acquired a pleasant smell with a nutty 
aroma. This can be explained by the formation of melanoid 
compounds, as the grain temperature exceeded 100 °C.

The culinary quality of the obtained product was satis-
factory (at least 5.0 points), which determines the feasibility 
of using emmer wheat grain to produce wholegrain cereal, 
which is impossible in the processing of spelt and triticale 
wheat [20, 22].

Raising consumer awareness of nutrition issues will 
stimulate the market for products with high biological 
quality [37]. Wholegrain emmer wheat cereal is highly 
competitive due to increased biological value, in particular, 
increased protein content, including a significant proportion 
of water- and salt-soluble fractions [24]. In addition, emmer 
wheat is tolerant to certain diseases and adverse climatic 
conditions [38]. This creates prerequisites for growing this 
crop through organic farming. The hulls of common wheat 
grains acquire considerable strength, giving a very hard 
consistency when chewed with a strong crunch [24]. In con-
trast, the hulls of emmer wheat grain are easily chewed with 
a weak crunch, which meets the minimum requirements for 
the culinary quality of the finished product.

The recommended modes can be applied to Golikovska 
emmer wheat grain or others that have similar technological 
characteristics. Processing emmer wheat grain with other 
technological properties requires a separate study. It should 
be noted that the developed recommendations have limita-
tions, namely the developed modes provide for the use of em-
mer wheat grain with a high protein content (>14 %). The use 
of grains with lower protein content will lead to lower yields of 
high-grade cereal with lower culinary properties [24].

The issue of using microwave irradiation as heat treat-
ment of grain is relevant and has practical significance for the 
modern grain processing industry. The identified effects of 
grain irradiation before flattening indicate the prospects for 
implementing the proposed treatment methods in production.

The shortcomings of the studies include the lack of 
technical and economic indicators of cereal production us-
ing microwave irradiation. It is advisable to further study 
the energy intensity of the microwave irradiation process 
and compare it with traditional hot conditioning methods 
for existing enterprises. In addition, a detailed study of the 
reduction of investment risks as a result of integrating the 
microwave irradiation process into the projects of new cereal 
plants of various capacities is required.

The studies were conducted using the moistening and 
softening guidelines for common and durum wheat grain [33]. 
It is advisable to further study the extended range of grain 
moisture content before microwave irradiation and its effect 
on the yield and quality of the finished product.

The safety indicators of the finished product need to be 
clarified, in particular, microbiological changes in emmer 
wheat grain of different grades and the quality of the finished 
product as a result of microwave irradiation before flattening.

7. Conclusions

1. The yield of high-grade flattened cereal was most 
affected by irradiation time. The effect of moistening on the 
yield of this cereal was smaller, but significant. Moistening 
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of emmer wheat grain by 1.0 % allows increasing the yield 
of the high-grade flattened cereal from 89.6 to 92.3 %. The 
time of irradiation is reduced from 100 to 80 s.

2. The effect of moistening and time of electromagnetic 
irradiation of grain on the yield and quality of flattened 
wholegrain cereal is determined. Moistening did not signifi-
cantly affect the overall yield of cereal. An increase in the time 
of microwave irradiation (more than 100–120 s) caused an 
increase in the yield of flour, but the yield of cereals decreased.

3. The parameters of water-heat treatment of grain do 
not affect the culinary quality of the finished product. The 

cooking time of high-grade cereal decreased due to moist-
ening and irradiation of grain. With the lowest irradiation 
of grain (20 s), the cooking time of high-grade cereal was 
19.1 minutes, and after long-term (180 s) – 15.9 minutes.

4. In the production of flattened wholegrain cereal 
from emmer wheat, it is possible to use unhulled grain. 
It is optimal to moisten the grain by 0.5–1.0 % with the 
irradiation time of 80–100 s. The use of such processing 
parameters provides a yield of 91.7–92.3 % of high-grade 
flattened cereal with a culinary score of 7.3 points, which 
is a high result.
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