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Culinary quality of flattened cereal It is known [1, 2] that the culinary properties of the finished product are crucial for the end consumer. Culinary properties (taste, color, consistency during chewing) are significantly affect-ed by grain hulling [3]. Varietal characteristics of grain have a somewhat smaller effect. Grain moistening does not significantly affect the quality of porridge [4]. It is known that grain hulls degrade the culinary quality of the finished product in terms of consistency during chewing and color and also significantly increase the time of porridge cooking. Since one variety of emmer wheat was used, the overall culinary quality of the cereal did not change depending on the processing elements [5].

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). After cooking, swollen grains retained their shape. This positively affected the external attractiveness of the porridge. With a similar culinary quality of the porridge, we obtained flattened cereal from emmer wheat grain with a hulling index of 3.2–6.9 % [6]. 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 significantly from the high-grade one. However, 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 affect the overall culinary quality. Information on the reduction of cooking time should be used as a positive factor for marketing purposes. Water-heat treatment of grain had a significant impact on the cooking time of high-grade cereal. 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. For 20 s of microwave irradiation, the cooking time was 19.1 min. The increase in treatment time to 180 s reduced the cooking time to 15.9 min or by 17 %.

To determine the optimal grain processing modes, a desirability 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 production modes that provide the highest yield of high-grade cereal. Moistening emmer wheat grain by 0.5–1.0 % before microwave 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 % 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. 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 given in [7], 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. Proteins 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 %. 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 impractical. 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 cereal. There is equipment for irradiation with continuous operation. 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 softening). 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 production of flattened cereal [7] have significant disadvantages: 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 satisfactory (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 [1, 3].

Raising consumer awareness of nutrition issues will stimulate the market for products with high biological quality [8]. 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 [5]. In addition, emmer wheat is tolerant to certain diseases and adverse climatic conditions [9]. 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 [5]. In contrast, 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 limitations, namely the developed modes provide for the use of emmer 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 [5].

The issue of using microwave irradiation as heat treatment 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 using 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 [7]. 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.
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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