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OUTPUT OF FLATTENED CEREALS FROM EMMER WHEAT AFTER THE RADIATION WITH HIGH-FREQUENCY FIELD
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High-frequency electromagnetic radiation is widely used in food production for products warming-up, drying of pasta products, and cooking of dishes. The use of high-frequency electromagnetic field (HF-EMF) as water-thermal treatment of grain is becoming wide-spread compared to flattening. Depending on the rate of radiation with electromagnetic field various physical and chemical processes take place in the wheat grains. It results in temperature increase, change of technological properties, irreversible biochemical processes (breakdown of protein chains, dextrinization of starch). Radiation with a high-frequency field has a positive influence and leads to the reduction of live microflora, which prolongs the duration of storage. Since the processes in grain under the radiation effects haven’t been studied to the full extent it is necessary to research the influence of the high-frequency field on the output of cereals [1, 2, 3].

Factors that can significantly influence the result of the experiment are humidity of grain, capacity of a microwave oven, frequency of the electromagnetic field, and cultivar properties of grain [4, 5].  Nowadays hydrothermal treatment of grain is conducted during the production of flattened cereals. This requires vapor treatment with further tempering or infrared radiation [1]. The drawback of these methods is the increase of grain humidity. After flattening cereal should be dried to fix the form and to provide stable storage. 

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).

Modeling of hydrothermal treatment using HF-EMF is performed with specialized equipment or household devices. Specialized microwave ovens have high accuracy of adjusting mechanisms to heating and time of raw materials treatment.

A comprehensive study of all parameters is impossible when household microwaves are used, though they make it possible to study all necessary aspects of HF-EMF influence on the raw materials as a whole.

The total output of cereal products after flattening of cereal from emmer wheat № 1 of Holikvska variety without hydrothermal treatment varied from 85.5 to 97.3 % depending on the duration of treatment in a microwave oven (Table 2). Moistening of cereals by 0.5 % didn’t raise the total output of cereals as it was expected. The total output decreased inconsiderably to the value of 81.5–95.1 %, which is lower only by 2–5 % compared to the variant without hydrothermal treatment. When cereal from emmer wheat was moistened by 1.0 % the output of cereals made up 85.1–96.8 %, which had an intermediate value between the variants without hydrothermal treatment and moistening by 0.5 %. It is obvious that hydrothermal treatment of grains has ambiguous influence on the total output of cereals, and its influence is lower compared to the duration of radiation with HF-EMF.

The output of flattened cereals of premium grade varied greatly depending on the duration of radiation in the microwave oven. In the variants without grain moistening the highest output of flattened cereals of premium grade was 82.1±0.7 % under radiation for 80 s.

The output of flattened cereals of the first grade made up 12.5 % in this case, shredded cereal – 2.7 %, and middlings – 2.7 %. As the duration of radiation increased to 180 s the output of cereals of premium grade decreased to 39.6 % or by 52 %. There was decrease of the flattened cereal output of premium grade whereas there was  increase in the output of flattened cereal of the first grade, shredded cereals and middlings .

The change in the output of cereals takes place as the result of the change of the morphology and crystal structure of starch granules as well as considerable denaturation of protein. This influences the possibility to fix the acquired form during flattening.

Obtained results are also found in the studies of other scholars. It is known that the temperature, cultivar properties and humidity influence the speed and intensity of changes in the starch-protein complex [1]. Irreversible disorders in this complex have a negative impact on rheologic properties and as a result the texture of the final product changes [5].

Moistening of cereal № 1 from emmer wheat by 0.5 % decreased insignificantly the output of flattened cereal of premium grade. It made up 78.7 % under the radiation in microwave oven for 80 s. The output of flattened cereals, shredded cereal and middlings changed in inverse ration to the output of flattened cereal of the premium grade. Moistening of the whole cereal by 1 %  slightly increased the output of the cereal of the first grade (by 0.5 scores) compared to 0.5 %  hydrothermal treatment.

The largest output of cereals (97.3–95.3 %) can be obtained when the hulled grain is exposed to radiation for 80–100s without moistening. In this case the output of flattened cereal of premium grade makes up 77.8–82.1 %.
The output of flattened cereals of premium and first grade from the cereal № 1 of  emmer wheat of Holikovska cultivar can be described with multiple nonlinear models:

Premium grade = -15.4209+1.6359x+6.4796y-0.0076x²-0.0292xy+0.1185y²
Ашкые пкфву = 68ю8231-0ю9054ч-6ю6213н+0ю0037ч²+0ю0109чн+5ю5778н²б
Where x – duration of grain radiation in the microwave, s;

y – hydrothermal treatment, %

Uniformity and intensity of microwave energy absorption depend on the layer thickness of a product, moisture content and its distribution within a product [4]. Dry grain had balanced distributed moisture which led to the homogeneous heating of caryopses.

Moistening of cereals by 0.5 % is insufficient to saturate the inner layers of endosperm with moisture. A considerable amount of water remained in the upper layers of caryopses forming a wet layer. During the radiation a significant amount of energy is absorbed by created layer, and the part of reflecting radiation energy increases. Low thermal conductivity of grain restrains the penetrating of heat from upper layers into the endosperm thickness. As a result, there is low heating of caryopsis thickness. Increase of moistening level of the whole cereal by 1 % led to the deeper penetration of moisture into the endosperm. It resulted in the balanced heating of caryopses throughout their thickness, which leads to the decrease of the endosperm crumbliness. It is worth mentioning that the increase of moistening level of the whole cereal requires the prolongation of moistening term. As the moisture increases, the greater amount of vapor is created during the radiation with EMF, which has its drawbacks.
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