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The comparative analysis of the fruit and seed capacity of ChaenomelesLindl., grew in the botanical garden of the Oles Honchar
Dnipro National University, was carried out. It is shown that all studied taxa undergo a complete vegetation cycle. According to
our observations, the duration of the growing season is as follows: the smallest in Chaenomeles japonica, the longest in C. x
superbaand C. maulej, the longestin C speciosa, C. cathayensisand C. californica. Seed length in Chaenomeles plants ranged
from 4.2 + 0.10 mm (C. japonica var. maulei) to 8.5 + 0.25 mm (C. cathayensis). Seed widths varied from 4.1 £ 0.32 mm (C
cathayensis) to 11.1 £ 0.10 mm (C. japonicavar. maulei). According to the results obtained, the average number of seeds in one
fruit of different Chaenomeles species differed, decreasing in the following order: C. cathayensis, C. speciosa > C. x californica
> C. x superba > C. japonica > C. japonica var. maulei. Most of the Chaenomeles genus representatives were found to be in a
good condition: C. japonica var. maulei vitality was estimated at 7 balls, C japonica and C. x superba - 6 balls. This index is
slightly lower for C. speciosa, C. x californicaand C. cathayensisas 5 and 4 balls, respectively. It should be noted that the highest
vitality was shown by C. japonica var. maulei, which was introduced in the Botanical Garden of DNU in 1955. In research,
considerable attention has been paid to the antioxidant system, which is a powerful mechanism preventing the development
of avalanche-free and radical peroxide reactions in living organisms. The antioxidant capacity of Chaenomeles fruits,
determined in the range from 565.8 + 15.7 (C. speciosa) to 1121.7 £ 27.5 (C. cathayensis) mg UAE / 100 g DW, can be considered
quite high. The overall antioxidant capacity was highest for C cathayensis fruits (1121.7 £ 27.5 mg AE / 100 g DW), which
exceeded the indexes of other species by 1.2-2.0 times. The presence of antioxidants in raw materials and finished products
provides for the prevention of their deterioration, reduction of losses, increase the shelf life and release of high quality products,
retaining for a long time the characteristic features inherent in fresh, complete products. High taste qualities are characteristic
of C speciosa and C. x californica. Considering the large assortment of Chaenomeles, representatives differing in their
biological, physiological and nutritional properties, we consider it promising to introduce their use in the food industry to obtain
functional products with high consumer properties, namely, high content of antioxidants, catering for a variety of dishes or for
exotic flavors, as well for direct consumption by the population of useful fruits with different flavors.
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Introduction

The environmental effects of different nature xenobiotics and arid climate in the Steppe Dnieper negatively influence on all
elements of ecosystems: soil, in particular, devastated (Savosko, 2011; Savosko et al., 2018), plant metabolism (Myitsyik &
Lykholat, 2000; Grygoryuk et al., 2014; Lykholat et al., 2017, 2018; Opanasenko et al., 1998) and animal organisms (Andrusevich
et al, 2018; Lykholat et al., 2016, 2018, 2019; +Marenkov et al., 2019; Pokhylenko et al., 2019), which as result has a adversely
impact on health population (Pertseva et al., 2007, 2008; Yermishev et al., 2017).
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Now there is evidence that environmental changes in recent decades have proven to be favorable for some adventitious
species and have allowed them to spread to regions where they previously had no chance of survival and reproduction. Long-
standing studies conducted simultaneously in different countries (Berger et al., 2007; Baranovski et al., 2016) have confirmed
that the last several decades milder winter conditions are consistent with the trend of south-to-north expansion of potential
introduced plant ranges, a likely consequence of a significant change in the composition and structure of natural and artificial
plantations in different parts of Europe.

In the Dnipropetrovsk region, the adventitious shrubs, a considerable part of which belongs to the low-spread non-
traditional fruit species, show high resistance. In this regard, considerable attention should be paid to the research of this
particular plant group, in which fruits, leaves, stems and other parts have high biological value and ones are a source of
physiologically active compounds that can be used as a raw material for the food industry, the prevention and treatment of
many diseases (Baranovski et al., 2016).

Wide use of the introduced nonconventional rare fruit spesies allows to expand a variety of specific structure of regional
flora and at the same time creates a possibility of expansion of the vegetable raw materials range for satisfaction of req
uirements of the industry, medicine and food of the population. In Ukrainian conditions more than 400 fruit and berry plants
species are grown up whereas in the conditions of Dnepropetrovshchina their number is much less. The significant effect on
taxons distribution is carried out by adverse regional climatic conditions: low air temperatures in the winter and high in the
summer, insufficient amount of moisture in the soil, frequent hot dry winds, etc.

In these conditions increasing vital of a vegetable organism is promoted, in particular, by use of synthetic regulators of plant
growth (Shcherbyna et al., 2017).

Among rare fruit plants industrial value are deserved by representatives of the sort Chaenomeles in the conditions of
Dnieper steppe. These plants, in general, is rather unpretentious to environmental conditions, rather easily transfer severe
winter and successfully grow on any types of soils.

For prevention of diseases by increase in stability of the immune system of a human body it is possible to use fruits of
representatives of the sort Chaenomeles of which it is characteristic the high content of vitamins and phenolic connections. It
is known that Chaenomeles fruits are rich on ascorbic acids (50-200 mg / 100 g), pectins (1-3 %), have low contents sugars (2-
5 %), and behind the vitamins content exceed lemons (Mezhens'kij, 2004; Homich of et al., 2014). Existence in fruits of
considerable content of cellulose (2-4 %) testifies to a possibility of fruits use at low-calorie food production. If lemon can be
grown up only in the closed soil trees in the conditions of the steppe of Ukraine, then plants of Chaenomeles are capable to
transfer climatic features of this zone.

Experimentally confirmed the high content of L-ascorbic acid and phenolic connections of fruits Chaenomeles proves their
high biological value, as polyphenols are powerful antioxidants that are capable to protect a vegetable organism from negative
impact of environment factors by neutralization of free radicals (Homich et al., 2014).

Distribution of any species in the region depends, first of all, on its ability to breed in the seed and vegetative way. At the
same time, the regeneration ability of the introduced plants in new conditions of growth is of particular importance. Botanical
garden of DNU by Oles Honchar located in Dnieper steppe zone is one of the centers of plants introduction in Ukraine.

In this regard, we have conducted researches of industrial characteristics and tastes of the sort Chaenomeles
representatives introduced in DNU by Oles Honchar botanical garden conditions.

Methods

The studied samples of plants were selected in the territory of Botanical garden of DNU by Oles Honchar during 2017-2019
yy. Research objects were sort Chaenomeles representatives from a collection of a botanical garden: C. speciosa (Sweet) Nakai;
C. cathayensis (Hemsl.) Schneider; C. japonica (Thunb.) Lindl.; C. japonica var. maulei; C. x superba (Frahm) Rehder; C x
californica Clarke ex Weber. The place of continuous growth of the sort Chaenomeles, representatives introduced in Botanical
garden of DNU is presented in Table 1.

Table 1. Place of continuous growth and year of an introduction of the sorts Chaenomeles representatives growing in Botanical
garden of DNU

Species Habitat Introduction time
C. speciosa Moldova, Kishinev 1996
C. cathayensis Moldova, Kishinev 1996
C. japonica Moldova, Kishinev 1996
C. japonica var. maulei Tajikistan, Khorog 1955
C. x superba Moldova, Kishinev 1996
C. x californica Crimea, Yalta, State Nykytsky botanical garden 2006

Phenological observations of the plants and industrial characteristic of seeds were carried out on standard by techniques
(Kokhno & Kurdyuk, 2010).

Level of vital of species can be considered as result of their success of an introduction. When carrying out a research vital
taxons on the new place growth we carried out the state assessment for 8-ball scale (Savel'eva, 1975).
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Determination of tastes was carried out on a 5-ball scale which cornerstone tesis on the sour taste of fruits is caused, first
of all, by the content of free acids connected with complex transformations of organic acids during plant development, with
metabolism type in general and its dependence on environmental conditions (Serdyuk & Stepanenko, 2015).

Antioxidant ability of Chaenomeles fruits was defined according to method by Pulido R. (Pulido et al., 2000). Antioxidant
ability of the raw fruits extracts was expressed in an equivalent of ascorbic acid for of dried fruits (mg UAE / g DW) (Vinnychenko
et al., 2014; Augustus et al., 2015).

Statistical processing of the results is carried out by means of Microsoft Statistica 6.0 package with the confidential
probability of 95-99 %.

Results and Discussions

State assessment of species vital on the new place growth is relevant as on the basis of of these observations results
scientific and practical recommendations on plant reproduction, cultivation and use in culture depending on origin of each
concrete species and new growth conditions are developed. It is revealed that most of the sort Chaenomeles representatives
is in proper condition. So, in C. japonicavar. mauly vital level is estimated as 7 balls, C. japonicaand C. x superba as 6 balls. This
indicator in C. speciosa, C. x californicaand C. cathayensis, as 5 and 4 balls, respectively is slightly lower. It is necessary to notice
that the highest vitality was shown by C. japonicavar. Maulei introduced in DNU Botanical garden in 1955 (Table 2).

Table 2
Characteristics of Chaenomeles L. representatives growing in DNU Botanical garden
Species State assessment by vital on the new place State assessment by taste
growth
C. speciosa 5 5
C. cathayensis 4 2
C. japonica 6 4
C. japonica var. Maulei 7 3
C. x superba 6 4
C. x californica 5 5

Upday, in the conditions of market production, in particular cultivation of fruit and berry cultures demands from using raw
materials of high tastes which define demand, pricings and a financial position of producers. Tastes of fruits caused by the
maintenance of such main components of the chemical composition as as sugars and organic acids, define prospects of their
use for consumption of the population (Crisosto et al., 2004).

Depending on plant species a threshold feeling of sour taste of various sugars and acids unequal, and in the berries their
content is changeable therefore precisely to calculate a point of taste compensation which is felt (a threshold of feelings), is
hard. For different acids the feeling of sour taste (on 100 mL of solution) makes a threshold: lemon - 0,0154, apple - 0,0107,
the guilty person - 0,0075. Sucrose begins to be felt at concentration of 0.38 % (Garcia-Marifio et al., 2008).

The most widespread scale of assessment of tastes is based that the sour taste of fruits is caused not by the general content
of acids, but titred acidity, that is content of free acids. In the plant the different contents of separate organic acids are a
consequence of distinctions in the ratio of speeds of enzymatic reactions which are the cornerstone of forming and
transformations of their complex (Serdyuk & Stepanenko, 2015).

On the basis of the researches it is established (see Table 2) that high tastes is characteristic for C. speciosa, C. x californica
(5 balls), averages - for C. x superba, C. japonica (4 balls), satisfactory - for C. japonica var. Maulei and low - for C. cathayensis
(2 balls).

On the basis of our phenological observations it is established what blooming of vegetative bloom es was observed in the
following sequence: C. speciosa, C. x superba, C. Maulei, C. japonica, C. californica, C. cathayensis. More last blooming there
was in Chaenomeles cathayensis and Chaenomeles maulei(Table 3).

Table 3. Phenological observations of Chaenomeles representatives

Species The beginning of leaf Flowering Reaching period The beginning of leaf
blosssoming period fruits fall (Julian date)
C. speciosa 18.03 25.03-19.04 27.09-05.10 03.11
C. japonica 20.03 27.03-10.04 21.09-28.09 01.11
C. cathayensis 21.03 29.03-13.04 10.10-25.10 05.11
C. x superba 19.03 29.03-14.04 25.09-10.10 02.11
C. californica 20.03 28.03-12.04 25.09-10.10 05.11
C. japonicavar. maulei 19.03 26.03-13.04 14.09-01.10 02.11

Blossoming was started anew in C. speciosa, after all blossomed C. cathayensis and C. x superba. For C. speciosa was
characteristic also long period of blossoming from 25.03 by 19.04.
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Maturing of fruits began in Chaenomeles mauleiand continued in the following order: Chaenomeles japonica, C. californica,
C. x superba, C. speciosa. The beginning autumn coloring of leaves it was for the first time observed in C. japonica, then at C.
Maulei, C. x superba, C. speciosa, C. californica and C. cathayensis.

In general, vegetation duration, according to our observations, following: the shortest in Chaenomeles japonica, longer in C.
x superba and C. maulei, the longest in C speciosa, C. cathayensista C. californica.

It is well known (Khromykh et al., 2018; Opanasenko et al., 2015) that the efficiency of plant introduction depends on the
intensity of their seed reproduction. In turn, seed reproduction of introduced species depends on the degree of seed output
from the fruit, its quality and similarity. The individual difference in fruiting and seed productivity of plants has a dual nature -
phenotypic and genotypic. Phenotypic changes are determined by meteorological conditions, which determine the difference
in fruits and seed productivity by year. Genotypic factors are differences between individuals.

Based on this provision, we present below the results of a comparative analysis of the fertility and seed capacity of
Chaenomeles plants (Table 4).

Table 4. Characteristics of fruits of Chaenomeles plants introduced in Dnipro Botanical Garden of Dnipro State University

Species Seed length, mm Seed width, mm Number of seeds in one fruit, pcs
C. speciosa 5.2+0.15 4.5+0.20 90.3+0.42
C. cathayensis 8.5+0.25 4.1+£0.32 100.2+0.35
C. japonica 6.2510.16 4.4+0.12 74.6£0.35
C. japonica var. maulei 4.2+0.10 11.1+0.10 54.5+0.35
C. x superba 6.5+0.16 4.2+0.11 80.5+0.32
C. x californica 6.4+0.25 5.4+0.32 84.3+0.32

Based on the study, it was found that the seed length of Chaenomeles plants varied from 4.2 + 0.10 mm (C. japonica var.
maulei) to 8.5 + 0.25 mm (C. cathayensis). Seed widths varied from 4.1 + 0.32 mm (C. cathayensis)to 11.1 £ 0.10 mm (C. japonica
var. Maulei). The number of seeds in one fruit varied from 54.5 + 0.35 (C. japonica var. Maulei) to 100.2 + 0.35 pcs (C
cathayensis).

According to the results obtained, the average number of seeds in one fruit of different Chaenomeles species differed,
decreasing in the following order: C cathayensis, C. speciosa > C. x californica> C. x superba > C. japonica > C. japonicavar.
maulei

Fruit size is a specific parameter of a particular genotype, as well as important attributes of fruit quality that, along with
other characteristics, help to properly evaluate new or introduced species (Kaldmae et al., 2013)

In research, considerable attention was paid to the study of the antioxidant system, which is a powerful mechanism
preventing the development of avalanche-free radical and peroxide reactions in living organisms. Antioxidants are among the
most important nutritional supplements that are natural or identical natural biologically active substances intended for direct
ingestion or introduction into foodstuffs for the purpose of enriching the diet with individual nutritional or biologically active
substances and their complexes. The antioxidants add into the raw materials and finished products ensures their prevention
spoiling, reducing losses, increasing shelf life, and producing high-quality products retaining for a long time the characteristic
features of fresh, complete products (Beltyukova et al., 2014).

The antioxidant system is represented by enzymatic antioxidants and low molecular weight components, among which the
significant role is given to ascorbic acid determining the overall antioxidant capacity of both living organisms as a whole
(Lykholat et al., 2016) and their individual components, such as fruit (Beltyukova et al., 2014). In the study of total antioxidant
capacity level, the highest indices were characteristic of C. cathayensisfruits (1121.7 £ 27.5 mg AE / 100 g DW), which exceeded
other species indices by 1.2-2.0 times (Table 5).

Table 5. Overall antioxidant capacity of Chaenomeles fruits

Species Overall antioxidant capacity, mg Ascorbic Acid Equivalents / g DW
C. speciosa 565.8 £ 15.7
C. cathayensis 1121.7£27.5
C. japonica 885.6 £ 19.5
C. japonica var. maulei 872.3+21.9
C. x superba 784.8+16.8
C. x californica 937.7 £22.3

According to literature sources, the total antioxidant capacity of different species can vary over a large range, in particular,
methanolic extracts of various Indian spices can vary from 0.57 to 6.0 mg UAE / g DW (Deepa et al., 2013). A detailed study of
the fruits of some members of the So/anaceae family showed that the antioxidant capacity was 48.8 + 0.6 and 56.7 + 1.4 mg AE
/ g of dry extract (Nwanna et al.,, 2013; Nwanna et al., 2019). Therefore, the antioxidant capacity of Chaenomeles fruits,
determined in the range from 565.8 + 15.7 (C. speciosa) to 1121.7 + 27.5 (C. cathayensis) mg UAE / 100 g DW, can be considered
quite high.
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According to obtained data, the different biological and nutritional value of henomeles fruits in general and, in particular,
their taste qualities depend on the level of their overall antioxidant capacity.

Conclusions

Thus, a comparative analysis of the fruit and seed capacity of Chaenomeles Lindl. species grown in the botanical garden of
the Oles Honchar Dnipro National University was conducted. It's shown that all studied taxa undergo a complete vegetation
cycle. Most of the Chaenomeles representatives were found to be in good condition under new growth conditions: the highest
vitality was observed in C. japonicavar. maulei.

The overall antioxidant capacity was highest for C. cathayensis fruits (1121.7 £ 27.5 mg AE / 100 g DW), which exceeded the
indexes of other species by 1.2-2.0 times. High taste qualities are characteristic of C. speciosaand C. x californica. Considering
the large assortment of Chaenomeles, representatives differing in their biological, physiological and nutritional properties, we
consider it promising to introduce their use in the food industry to obtain functional products with high consumer properties,
namely, high content of antioxidants, catering for a variety of dishes or for exotic flavors, as well for direct consumption by the
population of useful fruits with different flavors.
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