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CREATION OF MAIZE HYBRIDS OF EXCESS SUGAR WITH HIGH LEVEL OF ANTIOXIDANT ACTIVITY USING THE TEST SYSTEM BASED ON STABLE RADICAL DPPH
Hybrids of excess sugar maize are good raw material for the production of functional food products, including baby food and diet. Important indicators of high quality of these products are high protein content and a valuable oil, a small amount of poorly digestible maize starch and a high content of antioxidants, and also excellent taste qualities. The paper presents data on the evaluation of the antioxidant activity of a large group of promising new hybrids of excess sugar maize of mid-group created in order to obtain valuable raw materials for the canning industry. Index value of total antioxidant activity varied over a wide range (from 31,8 % to 60,4 %, 568,4–1,008 mg/g of seed), which indicates on promising use of this important parameter in the breeding of biochemical excess sugar maize on quality.
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Statement of the problem. Traditionally an indicator of high quality maize hybrids of vegetable (sugar and of excess sugar) is high in protein, valuable maize oil and low starch content. The antioxidant properties of dietary products are almost neglected. However, trends in the development of the modern market high-quality products, including functional foods, make carefully monitor this important indicator in the selection of new varieties and hybrids of vegetable maize. This will allow specialists in the field of health and diet food products to evaluate the possibility of using vegetable processing maize of specialized diets to improve human health. Among many methods and test systems assess the overall antioxidant activity of foods has been chosen quite simple, reliable and common test system using the stable radical DPPH. This technique has been adapted to evaluate the total antioxidant activity in maize grain full ripeness, which is the raw material for the production of very large quantities of food and forage mixtures of different areas of use.

Analysis of studies and publications that started to solve the problem. Varied use of products derived from maize is the reason why the processing industry poses breeders specific requirements for the quality of raw materials, depending on the end-product of processing. These requirements are often opposite and mutually exclusive. In this regard, its work breeders are in different directions relative to improve the quality of maize, hybrids producing specialized for specific areas of use.

Traditional breeding of sweet maize is based on the use of biochemical effects su1 mutant gene that causes partial starch synthesis depression and increases in technical ripeness seed content free of carbohydrates and water-soluble polysaccharides. This modification provides a complex carbohydrate high consumer quality of sweet maize and the possibility of its use as a vegetable culture. In recent years, widespread maize hybrids of excess sugar based on the use of mutations and sh2 su1 gene modifiers – se. It is the combination of a mutant gene with a gene su1 – se modifier provides the best grain carbohydrate composition of technical maturity and carbohydrate content reaches 11–12 %.

Important indicators of high quality of this type of hybrids are high protein content and valuable oil, a small amount of poorly digestible maize starch and a high content of antioxidants, as well as excellent taste qualities. And if the content of protein, carbohydrates and oils breeders have paid constant attention for several decades, the control of high total antioxidant activity practically implemented. However, the high demands on the quality of raw materials in recent years, forcing the search for sources of high antioxidant activity among a variety of traditional and new forms of plants.


Etiology of many chronic human diseases and age-related changes in aging is associated with a destructive action of free radicals, which can disrupt the native structure of important natural biomolecules, such as proteins, DNA and lipids and thereby trigger chronic diseases and promote their development [20, 27, 30]. In the scientific literature widely discussed the ability of a large number of bioactive compounds (chemical compounds) plants and seed extracts act as antioxidant prophylactic agents, contributing to the normalization of the health and treatment of diseases [8, 46].


By definition, an antioxidant can be considered as any chemical compound capable of a minor concentration in comparison with the protected substrate to slow down or prevent the oxidation of many important cell components, including lipids (including polyunsaturated fatty acids), proteins, carbohydrates and DNA [28]. By the antioxidants also include:

· Acidic compounds (including phenols) which can be used in food or be incorporated into cosmetic and pharmaceutical compositions and capable of easily donate electrons or hydrogen atoms peroxy radicals tearing peroxidation chain reactions;

· Chemicals that can quickly and effectively regenerate the phenolic compound;

Compounds that can effectively cheater prooxidant transition metal ions.

This generalized definition does not bind to the antioxidant activity of any particular group of chemical compounds or to a specific mechanism of action. Antioxidants concept allows to attribute to them a lot of variety of compounds, including the antioxidant enzymes, iron-binding and transport proteins as well as components capable of transmitting the information signal across the cell membrane and the expression of genes.


In the body of animals and plants there are several different active free radical neutralization mechanisms to maintain the balance between oxidants and antioxidants. Under certain conditions, the antioxidant defense mechanisms of the organism can be overcome, and an excess of free radicals lead to oxidative stress. It has been suggested that different classes of power components can reduce the risk of certain types of cancers, particularly colorectal cancer, and some results have been obtained, indicating that consumption of certain foods leads to a reduction in biomarkers of oxidative damage. Therefore, animals and humans in need of adequate amounts of external sources of antioxidants to maintain oxidative balance and prevent oxidative stress and the accompanying chronic diseases [7, 10, 24, 25, 26, 35, 39, 42, 43, 45, 48]. In order to examine the relation between dietary factors and possible prevention of chronic diseases, as well as the receipt of objective information for the selection of dietary sources of antioxidants, in recent years is widely used analytical methods for measuring the total antioxidant activity of all kinds of plant products (food, medicines, essential oil, spicy and aromatic culture, the raw material for the manufacture of beverages – tea, coffee, mate, etc.). In the literature there are constantly emerging information on creating new methods to explore different mechanisms of action of antioxidants in experiments in vivo and in vitro model test systems [5, 19, 22, 37, 40, 41]. The literature provides information mainly about the antioxidant activity of water soluble extracts of foodstuffs. Antioxidant activity in vivo and in foods may be achieved by inhibiting reactive oxygen species or by direct neutralization of free radicals. 

Since antioxidants neutralize free radicals and oxidants, their dietary intake can help prevent many chronic diseases. Among these plant-derived chemical compounds, known as a phyto-chemical components most widely available phenolic secondary metabolites (polyphenols) having a high redox potential [16, 17, 36, 43]. Secondary metabolites are different from primary or main metabolites (carbohydrates, proteins, amino acids, nucleic acids and lipids) that they do not participate in basic metabolic cycles of growth and development of plants, but they are essential for many important functional aspects of plant life [23, 31]. Secondary metabolites have long been known, but their value was found out recently. They perform a structural function in a variety of supporting and protecting the tissues involved in the defense systems of plants from being eaten by herbivores and pathogens (viruses, bacteria, mycoplasma or fungal diseases), perform signaling functions, for example, participate in the plants with the environmental factors interact with the environment, carrying out part of the functions of the adaptive strategies of plants. Polyphenols are very heterogeneous group of compounds, some of them common to all plants, while some members are found only in certain families or lineages, or in individual organs of plants, together with terpenoids and isoprenoids (carotenoids, monoterpenes, phytosterols, squalene, essential oils), sulfur-containing components (seed glucosinolates, crucifers), nitrogen compounds (alkaloids and heterocyclic aromatic compounds) [13, 14, 19]. They are of great commercial interest among consumers, which is traditionally defined by their organoleptic properties, such as color of fruits and seeds, astringent (tannins), bitterness (flavonols), and taste characteristics. In recent years, the value determined polyphenols participate in important processes in plant life as the protective and signaling compounds in reproduction, pathogenesis and symbiosis.

The focus in the literature has been directed to phenolic compounds of fruits, vegetables, and beverages (wine, tea, coffee), however, many of these compounds are characterized as crops [11, 21, 33, 38]. In recent years, more attention is given to the nutritional value of polyphones, since they can play an important role in the prevention of many common chronic diseases in general and are able to exert beneficial effects on human health.


Phenolic compounds ability to neutralize free radicals depends on their structure, primarily the ability to transfer hydrogen atoms on the aromatic group of free radicals or electrons of the aromatic component to restore unpaired electrons π-conjugated system [32, 44].


Experts estimate must take daily dietary about 1 g of polyphenols, significantly higher doses of other necessary based food components such as carotenoids, vitamin E and vitamin C (5, 12 and, 90 mg/day, respectively). 

Hence, the polyphenols are the main antioxidant in the human diet, i.e. their consumption is about 10 times greater than the consumption of vitamin C and 100 times greater than vitamin E [49]. Therefore, regular consumption of fruits, vegetables, seeds and products made from them, as well as beverages containing polyphenols in large quantities, it is recommended to improve human health. The high content of natural antioxidants in foods and beverages increase the shelf life and prevents the deterioration of flavor and natural color change products during prolonged storage. The high antioxidant properties are a kind of trademark of polyphenols to be used for cosmetic and pharmaceutical industry, in the manufacture of functional foods and dietary supplements [47].
Neutralization of stable colored radical 1,1-diphenyl-2-picrylhydrazylradical (DPPH) in an organic medium is widely used as a test system for assessing the anti-radical activity of plant samples. Antioxidants, extracted with 80 % aqueous solution of ethanol or methanol, and can neutralize free radicals, and the solution was decolorized DPPH spectrophotometry at 517 nm, it allows to quantify the antiradical activity of extracts of seeds or food. This test system is an inexpensive, well-standardized and is suitable for screening large numbers of samples (eg, intermediate forms of selection or selections of multiple collection samples). Reducing the color intensity directly proportional to the content of antioxidants in the sample.

The purpose of research was to highlight the sources of high antioxidant activity of corn as a vegetable culture for practical use in hetaerists breeding.

The task of research – evaluation of promising new hybrids on top of sweet corn breeding and crop production Institute and Ustymivka Experimental Station of Plant Production in the level of antioxidant activity using a test system based on the stable radical DPPH, as well as on a range of productivity features, all of which reflect the value of breeding hybrids.
Materials and methods of research. In this study, 59 of excess sugar perspective hybrids of maize breeding and crop of Ustymivka Experimental Station of Plant Production were analyzed. Field observations were carried out in Ustymivka Experimental Station of Plant Production, in the central part of the Left-Bank Ukraine, on the border of Forest-Steppe and Steppe zones. Preceded by pure steam. Soil – medium loamy, low humus content, pulverized humus.

In conducting research and evaluation hybrids guided by appropriate techniques [1, 3] – specific subspecies of sweet maize. Samples were sown on an area of 9,8 m2 plots with plants located on the scheme 70×70 cm (2 plants in the nest). During the growing season conducted observation and description hybrids of Classifier-directory [2]. The samples were evaluated for 15 economically valuable traits.
 For the analysis of material used exclusively by controlled pollination. Samples of maize seeds were milled in a laboratory mill, 0,5 g flour in the vial sealed with screw caps filled with 4,5 ml of 80 % ethanol and extracted for 20 hours at room temperature in the dark. Samples were centrifuged (10 min at 3000×g) for the arrester-3 centrifuge.

Determination of antiradical activity was performed using a stable radical (DPPH) according to the method described in [6] with slight modifications. Alcohol solution was prepared by dissolving 22 mg radical DPPH 400 ml of 80 % ethanol with magnetic stir bar in a light scattering pellet undissolved dye was triturated in a porcelain mortar and pestle. The solution was filtered and stored for days.

To 3,5 ml of DPPH working solution was added 0,2 ml of the extract of seeds at room temperature and stirred, placed for 2 hours in a dark place and recorded absorbance change resulting mixture. The control sample to 3,5 ml of DPPH working solution is added 0,2 ml • 80 % ethanol. The ability of the sample to neutralize the stable free radical DPPH (antioxidant activity – AA) (%) is defined as: 

AA (%) = 100 × (A - B) / A,
where A – control sample absorbance, B – the light absorption of the test sample (2 hours after mixing with the working of the radical solution (DPPH)).

However, this figure is very relative and depends on the conditions of the experiment, the concentration of DPPH, the volume ratio of the stable radical solution and seed extracts, temperature, factor analysis, etc. Therefore recommended that the findings expressed in the equivalent of the standard units of antioxidant activity, as most often used ascorbic acid, «Trolaks» (synthetic water-soluble analog of tocopherol), gallic acid and others.

In our studies as a standard antioxidant activity using chlorogenic acid and antioxidant activity is expressed in micrograms of chlorogenic acid per 1 g of the sample of seeds in accordance with the data of the calibration curve.


Results of research. The Рlant Production Institute named after V. Ya. Yuryev of NAAS conducted selection of sugar and maize of a thick spadix over the past twenty years. Were created and entered in the Register of varieties of Ukraine hybrids and varieties, characterized by high taste qualities are well suited for cultivation in the conditions of climate in our country, have good biochemical indicators in the technical maturity of seeds – the carbohydrate content in the hybrids of sweet corn – up to 6,5 %, water-soluble polysaccharides – up to 6 %, and maize of excess sugar carbohydrate content – up to 7,5 %, water-soluble polysaccharides – up to 4,8–5,0 %. In 2015, it carried out a preliminary test 59 new hybrids maize of excess sugar involving 22 parental lines based on su1-se mutations. We have analyzed morphological characteristics, yield, resistance to major diseases, biochemical composition and antioxidant activity in the seeds of full ripeness (see table).
Characteristics of the antioxidant activity and the main agronomic characters studied hybrid combinations of excess sugar maize
	Hybrid

combination
	Chlorogenic acid equivalent, mcg/g
	АА, %
	Productivity 1 plant, g
	The mass of technical maturity of cobs, g
	Weight of 1000 seeds, g
	Number of days from germination to technical ripeness,

days

	Sv. 290 / CE-396
	1008,0
	60,4
	52,2
	222
	228
	79

	Sv. 255 / СЕ 411
	987,9
	55,5
	51,4
	253
	248
	79

	Sv. 270 / СЕ 402
	970,0
	54,5
	96,4
	270
	216
	86

	Sv. 290 / CE-395
	928,4
	55,7
	96,4
	163
	260
	79

	Sv. 275 / СЕ 402
	908,9
	51,0
	98,8
	200
	184
	79

	Sv. 250 / СЕ 414
	869,0
	48,8
	76,9
	256
	228
	77

	Sv. 290 / Св. 280
	853,1
	51,2
	51,1
	150
	256
	85

	Sv. 265 / СЕ 411
	850,2
	47,7
	97,7
	164
	280
	79

	Sv. 255 / СЕ 397
	831,5
	46,7
	109,2
	249
	236
	77

	Sv. 295 / CE-398
	826,2
	49,6
	46,2
	242
	196
	79

	Sv . 255 / СЕ 396
	820,5
	46,0
	108,2
	254
	260
	77


The indicator of the total antioxidant activity of the subjects ranged in hybrid combinations from 31,8 % to 60,4 %, equivalent to chlorogenic acid varied in the range 568,4–1008 mcg/g of seeds. The best indicator of antioxidant activity is characterized by a hybrid combination: Sv. 290/CE-396 (60,4 % and 1008 mcg/g), Sv. 255/CE 411 (55,5 % and 987,9 mcg/g), Sv. 270/CE 402 (54,5 % and 970 mcg/g), and Sv. 285/CE-414 (53,1 % and 884,4 mcg/g), and the lowest total antioxidant activity – at Sv. 260 / CE 397 combinations (31,8 % and 568,4 mcg/g), Sv. 265/CE 398 (34,3 % and 613,2 mcg/g), and Sv. 265/CE 396 (34,8 % and 622,6 mcg/g ). Working model of hybrids of sweet corn provides alignment within a single genotype of high and stable productivity, optimal architectonic plants, high commodity cob weight, seed size, high quality of commercial products, and resistance to major diseases. We have identified the best hybrid combinations that combine high antioxidant activity with other economic signs. According to yield and its presentation ears stood out 22 hybrid combinations, they exceeded the standard by 5–15 %.
Grain productivity per plant (with 14 % humidity) in the standards were as follows: Bilyavka – 71,1 g, Marichka F1 – 115,2, Solo F1 – 98,8 was among the best studied which were: Sv. 248 / CE-396, 
Sv. 248 / CE-398, Sv. 250 / CE-415, Sv. 270 / CE 396, Sv. 270 / CE-397, and Sv. 285 / CE-414, 
Sv. 255 / CE 397, Sv. 270 / CE 397 distribution hybrids length cobs found that in 81,8 % of samples were cobs average size (15–18 cm). However revealed long ear (19–20 cm) of 18,2 %. The most valuable are the past, which in particular include Sv. 255 / CE 396, Sv. 255 / CE 411. For the sweet maize is an important feature of the thickness of the ear, because the samples with a thick spadix have an increased ability to retain moisture and make better use of it to form grain, providing drought tolerance of such forms. The group with a diameter of 4,6–5 cm cob assigned 8 hybrids, including: Sv. 280 / Sv. 285, 
Sv. 275 / CE 409, Sv. 270 / CE 413, Sv. 275 / CE 397.

On the basis of the number of rows of grains per cob favorably differed hybrid combinations 
Sv. 255/CE 397, Sv. 255/CE 402, Sv. 275/CE 402, Sv. 280/Sv. 285, Sv. 280/Sv. 306, Sv. 285/CE 402, Sv. 290/СЕ 397, Sv. 295/СЕ 397 (20–22 rows).

Tag number of grains on the cob is one of the main, because it provides the productivity of individual plants. Very high number of grains per ear (700 pcs) hybrids were characterized by: Sv. 250/CE 402, 
Sv. 250/CE 414, Sv. 255/CE 397, Sv. 255/CE 402, Sv. 275/CE 402, Sv. 285/Sv. 402, that is 10,1 % of the total number of studied forms.

An important element in the efficiency of the structure is the mass of 1000 grains. Emphasis 8 hybrids with a mass of 1000 grains of more than 250, the best of them: Sv. 255/CE 396, Sv. 265/CE 411, 
Sv. 280/Sv. 285,  Sv. 298/СЕ 295, Sv. 290/СЕ 395, and others.


A number of samples studied high antioxidant activity is combined with agronomic characters complex:

– Sv. 285/СЕ 414 – middle ripeness (from germination to technical maturity of 74 days), tall (plant height 250 cm), high-yield (grain productivity of plants, 14 % moisture, 110 g), on the cob plant 1,5, the ear medium (18 cm) weak cylindrical shape, number of rows of grains 18, number of grains per cob high (650 pcs), grain light yellow, large (mass of 1000 grains 236 g), technical maturity cob large (240 grams), thick (diameter in the middle of 4,5 cm), the results of the tasting of fresh cooked cobs (on a scale) ​– 5.

– Sv. 270/CE 402 – middle ripeness (from gatherings to technical maturity of 72 days), tall (plant height 250 cm), high-yield (grain productivity of plants, 14 % moisture, 96 g), ear of the average (17 cm) weak cylindrical shape, number of grain rows of 22 pieces, number of grains per cob high (770 pcs), grain light yellow, medium size (weight of 1000 grains 216 g), technical maturity cob large (240 grams), thick (diameter in the middle of 4,9 cm), the results of the tasting of fresh cooked cobs (on a scale) – 5.


These hybrids have a multi-purpose and can be used for both fresh and canned products, are characterized by good taste and providing the harvest to 120–130 kg/ha of marketable products.

Conclusion. The values ​​of total antioxidant activity among maize samples we analyzed varied over a wide range (from 31,8 % to 60,4%, 568,4–1008 mcg/g seed), which gives us reason to use it for further breeding work the selection of the original parental forms and derived hybrid combinations to enhance the antioxidant properties of maize hybrids of excess sugar.

A number of samples studied high antioxidant activity is combined with an increase in the value of individual features or complex, that allows us to recommend the form data as a raw material for the creation of highly productive hybrid maize of excess sugar with a pronounced antioxidant properties.
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