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Nowadays the demand for groceries with shortened cooking time and high biological value is growing. Traditional products of this type that satisfy corresponding needs are flattened cereals being in great demand among consumers. Flattened cereals have a considerable amount of food fibers and mineral substances. Nowadays there is a trend in cereals production to use untraditional raw materials (chia or quinoa seeds) and seeds of ancient wheat types (emmer, spelt, einkorn). Therefore the assortment expansion of cereals products using emmer wheat grain is very promising. Cultivar properties can be used effectively when building marketing strategy [1].
Flattening of grain after hydrothermal treatment is the main technological stage in the production of quick-cooked cereals. Combination of the changes in physical and chemical properties of grain leads to the high level of gelation of starched grains which makes possible to form the structure of the flake, to decrease its crumbliness, to make the external appearance of a finished product more attractive, and to reduce the time of cooking [2].

Technologically hot conditioning of grain is a complicated process in the production of flattened cereals. At present different methods of conditioning are known, among them the conditioning of grain under redundant pressure in the apparatuses of continuous and intermittent action has become widespread [3]. However grain conditioning is quite energy-consuming, it considerably increases capital investments when projecting new enterprises. Along with the increase of fixed assets costs, there is an increase of their depreciation cost, risk of capital investments, which is a negative phenomenon for the investors of a new project. Existing enterprises face difficulties with hot conditioning of grain, caused by the instability of the process, its dependence on environmental factors, the need for the provision of utility systems and their depreciation, etc. [4, 5].
Therefore the study of new methods of grain conditioning using renewable energy is a promising area of investigation, and the use of high-frequency electromagnetic field is one of such methods.

The experiment was carried out in the laboratory “Evaluation of grain quality and grain products” at the Department of the Technology of Storage and Processing of Grain at Uman National University of Horticulture (Ukraine). Grains of emmer wheat (Triticum dicoccum) of Holikovska cultivar (spring) and line LP1152 (winter) were used in the experiment. Emmer wheat was grown under identical agrotechnology, soil and climate conditions. The location of growing is training and production department of the Uman National University of Horticulture (Ukraine. Grain of both samples had glasslike endosperm (≥70 %), humidity of grain made up 12.5 %, protein content was 14.3 and 15.2 % correspondingly).

Total output of cereal products from the whole cereal № 1 from emmer wheat line LP 1152 without hydrothermal treatment varied from 89.5 to 94.9 % depending on the duration of treatment in a microwave oven. Moistening of grain by 0.5 % caused the range expansion of the total output of cereals from 86.6 % to 96.1 %. Under higher moistening of grain № 1 by 1.0 % the total output of cereals didn’t change considerably and made up 86.6–95.0 %.

Results obtained after the use of cereal №1 of emmer wheat line LP1152 support the previous assumption that moistening has untrue influence on the total output of cereal products. Moistening of cereal №1 from line LP 1152 had a positive influence on the total output of flattened cereals contrary to the cultivar Holikovska. It can be explained by the higher protein content and larger outer surface of caryopses  in the line LP 1152, therefore moisture was better distributed in caryopses. It is known [5], that protein content influences the output of flattened cereals.

Protein substances are able to create strong structures acting as gluing agent to retain endosperm particles after flattening. The greatest output of flattened cereal of premium grade without moistening from the whole cereal (line LP 1152) was 64.3 % under radiation for 120s. It is by 22 % lower compared to the maximum output of this cereal using the cultivar Holikovska without moistening. The output of flattened cereal of the first grade in this case made up 18.5, shredded cereal – 12.1 % and middlings – 5.1 %.

As the duration of radiation increased (up to 180 s) the output of flattened cereals of the premium grade decreased to 30.5 % or by 2,1 times. The low output of this cereal is accompanied by the higher output of flattened cereal of the first grade, shredded cereal and middlings. Moistening of the whole cereal from emmer wheat of line LP 1152 by 0.5 % increased the output of flattened cereal of the premium grade,.

Under the treatment in microwave for 120 s it made up 70.5 % which is by 9 % higher than in the variant without moistening. Increase of moistening level of the whole cereal to1.0 % increased the further output of flattened cereal of the premium grade, though to a less degree only by 2.6 points. Output of flattened cereal of the first grade made up 12.4 %, shredded cereal – 7.4 % and middlings – 8.9 %. The largest total output of cereals (95.5–96.1 %) can be obtained under the radiation for 80–120 s after the previous moistening by 0.5 %. In this case the output of flattened cereal of the premium grade makes up 51.1–70.5 %.

Output of flattened cereals of the premium and the first grade from emmer wheat line LP 1152 can be described with multiple nonlinear models:

Premium grade = -33.5913+1.3256x+58.088y-0.0054x²-0.1702xy-21.9333y² (4)
First grade = 69.2837-0.7405x-18.5231y+0.0032x²+0.0823xy+1.5037y² 
(5)
Where x – duration of grain radiation in a microwave oven, s;

y – hydrothermal treatment, %

Obtained results of flattened cereals output from emmer wheat line LP 1152 are different compared to cultivar Holikovska. Since the parameters of hydrothermal treatment of grain and adjustment of rolling press were identical, cultivar properties of raw materials are likely to be the reason of different output of cereal. They influence the heating of caryopses and decrease of crumbliness of particles during pressing.

The most important of them are: content of protein, starch, and gluten, hardness and thermal-physical properties. However, the mechanism of their influence requires further study. In the research [2] it is noted that a cultivar has considerable influence on the output of flattened cereals after flattening. In particular, endosperm content has a significant influence on the output of cereals.

We established that under the use of the whole cereals from emmer wheat of Holikovska cultivar the optimal duration of radiation is 80–100 s without moistening. In this case, the output of flattened cereals of the premium grade makes up 77.8–82.1 % and the total output of cereals is 97.3–95.3 %. Under the use of the line LP 1152 the optimal duration of radiation will be 100–120 s under moistening by 1.0 %. It provided the high output of flattened cereal of the premium grade at the level of 68.8–73.1 % and the total output of cereals at the level of 92.9–94.2 %.
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