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The study of phenolic compounds in shoots of the family Cornaceae Bercht. et J. Presl due to the sharp 
fluctuations of temperatures during winter dormancy. Analysis of the obtained experimental data 
showed that the species and varieties of the family Cornaceae differ significantly in content of phenolic 
compounds in the period of sharp fluctuations of temperatures. Detailed analysis of the graphic depends 
of the content of phenolic compounds in the shoots of plants of the family Cornaceae of the average daily 
temperature in the period of winter dormancy, it has been noticed quite a lot of differences in the dynamics 
of accumulation of phenols in different species of the genus Cornus L. and Cynoxylon Raf. Were established 
in the shoots of Cornus mas L. dynamics of the content of phenolic compounds in the period under study 
has wider amplitude than that of Cornus officinalis Sieb. et Zucc. and Cornus sessilis Torr. This is consistent 
with the fact that Cornus mas is an indigenous species that is well adapted to the conditions of Northern 
Forest-Steppe of Ukraine and is the most winter-hardy of all studied species. It is established that Cynoxylon 
japonica Nakai has a larger amplitude in the content of phenols in the temperature change unlike 
Cynoxylon florida L., where the change in the accumulation of phenols occurs more smoothly. Cynoxylon 
japonica responds to more short-term changes in temperature contrast Cynoxylon florida, where the 
changes of accumulation of phenolic compounds occur only during prolonged cold snaps, or warming. 
All this indicates a higher frost resistance Cynoxylon japonica in relation to Cynoxylon florida.

Keywords: phenolic compounds; Cornaceae; Cornus mas; Cornus officinalis; Cornus sessilis; Cynoxylon 
florida; Cynoxylon japonica; forest-steppe of Ukraine

Introduction
The species of polymorphic family Cornaceae Bercht. et J. Presl are poorly spreaded and studied. 
According to different authors there are from 50 to 110 species. Most of them are valued as ornamental 
and agroforestry, some like fruit and medicinal.

From a large number of species of cornelian cherry, a few species have edible fruits – Cornus mas L. 
(common Eurasian species), Cornus officinalis Sieb. et Zucc., native for Japan, Cornus sessilis Torr. is 
from California, and several species of the genus Cynoxylon Raf. – Cynoxylon japonica Nakai, Cynoxylon 
florida L., native to North America.

Despite the value species of the cornelian cherry and the possibility of their versatile use, in 50s years 
of the twentieth century in M.M. Gryshko National Botanical Garden the creation of the collection of 
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the family Cornaceae was created. Now the collection includes more than 30 species in the family 
Cornaceae. 

Species of the genus Cynoxylon, introduced in the last 20 years: Cynoxylon japonica in 1994 (Oregon, 
USA), Cynoxylon florida in 2008. 

All introduced in Ukraine species of genus Cynoxylon have edible fruits, which are red of various 
shades, sweet and sour taste, strawberry flavor. For valuable economic properties and decorativeness, 
they are not worse than representatives of the local flora, but also surpass them.

Therefore, they are promising as fruit plants, in addition, they are valuable medicinal raw material, 
in particular, the bark of shoots and roots of Cynoxylon floridа used as a substitute for quinine, the 
preparations have a tonic, astringent and stimulating properties. Wood of Cynoxylon has dark colour, 
resistant to biological destruction and has an extremely high strength (Кустовська, 1998).

Today members of the genus are widely cultivated in the United States, Western Europe (Spain, 
Portugal), Japan as ornamental plants, less fruit: Cynoxylon japonicа (China, Japan).

The area of Cynoxylon genus covers the temperate and subtropical regions of the Northern 
hemisphere: North America, East and South-East Asia and Africa. Cynoxylon cultivated in the United 
States, Canada, South and Western Europe, Southeast and East Asia, in the Caucasus (Janes, 1993; 
Кустовська, 1998).

Cynoxylon japonicа was introduced in National Botanical garden in 1994 from Oregon (USA). Some 
annual plant height of 80–100 cm was planted at sites of the Department of fruit plants acclimatization, 
where it held regular phenological observations were evaluated wintering and drought resistance, 
productivity, and decorativeness.

Biochemical studies of the content of biologically active substances in new species of the family 
Cornaceae in the conditions of the Forest-Steppe of Ukraine held for the first time as the actual 
adaptive capacity of plants of these species in the absence of such data in the literature. The reason 
is that the study species have not been used until now as fruit and ornamental is in the collections of 
some Botanical gardens and arboretums.

Frost resistance is determined by many factors, in particular the important role of secondary 
metabolites involved in the biochemical adaptation of plants. This group includes phenols. These 
compounds are formed in all organs of plants from sugars and participate in the process of cellular 
respiration, transferring hydrogen from oxidative molecules. Phenolic compounds exhibit a strong 
effect on the growth of plants, inhibiting germination of seeds, growth of stems and roots. They have 
strong anti-bacterial properties and provide plant immunity to fungal and especially to bacterial 
infection (Блажей, 1977). 

In adverse conditions, plants synthesize increased amount of phenolic compounds, because in most 
cases they have a protective effect (Сарапуу, 1968). Often the healthy plant has no protective phenols, 
but they are formed in it as reaction to infection with the causative agent of a disease. Phenolic 
compounds have an important role in wound healing, cell division, and in protecting tissues from 
penetrating radiation, free radicals, mutagens and strong oxidizers. 

Phenolic compounds can act as low molecular weight antioxidants, protect cells from the effects 
of oxidative stress developing in conditions of hypothermia (Larson, 1988; Terao, 1994; Rice-Evans, 
1997; Wingsle, 1999). Having high reaction activity due to the presence in the structure of aromatic 
rings and free hydroxyl groups, they can easily engage in free-radical reactions and connect the 
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active variety of oxygen and peroxy radicals produced in the cells under stress conditions (Wang, 
1998; Kondo, 2000; Zhao, 2002).

A characteristic feature of the phenolic compounds that distinguish them from many other secondary 
metabolites is their ability to interact with proteins by forming hydrogen bonds (Запрометов, 1974; 
Барабой, 1976). In this regard, some of them may participate in the regulation of enzyme activity, 
affecting, therefore, on the metabolic processes in the period of low-temperature adaptation. 

The aim of our study was to determine the content of phenolic compounds in shoots of different 
species, varieties and cultivars of the family of Cornaceae in the winter and the dependence of these 
indicators of frost resistance of plants.

Materials and methodology
The experiment was made in January–February 2016 this period there was a fluctuation of 
temperatures from -9 °С to +7 °С. Samples were collected weekly. Objects of research were the 
representatives of the genus Cornus (C. mas, C. officinalis, C. sessilis) and Cynoxylon (C. florida and 
C. japonica).

For quantitative definition of phenols the methodology based on oxidation of a reactant of Folin-
Chokolta containing a tungstate of sodium and phosphomolybdate of sodium with formation of 
a blue complex, having absorption maximum at the wavelength of 730 nanometers, which intensity 
of coloring is estimated by a photoelectrocolorimetric method (Ксендзова, 1971) was used.

For objects visual observations studied conducted general condition of the plants in the spring to 
determine their hardiness (Соколов, 1957).

results and discussion
Analysis of the obtained experimental data showed that the species and varieties of the family 
Cornaceae differ significantly in content of phenolic compounds in the period of sharp fluctuations 
of temperatures (Figure 1, 2). 

Figure 1 The total content of phenolic compounds in shoots of Cynoxylon japonica Nakai and Cynoxylon 
florida L. (var. alba) in the period of winter dormancy
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Figure 2 The total content of phenolic compounds in shoots of Cornus mas L., Cornus officinalis Sieb. et 
Zucc. and Cornus sessilis Torr. in the period of winter dormancy

The detailed analysis of the graphic dependences of the content of phenolic compounds in the 
shoots of the members of the family Cornaceae of the average daily temperature in the period of 
winter dormancy, it has been noticed quite a lot of differences in the dynamics of accumulation of 
phenols in different species of the genus Cornus and Cynoxylon. Dynamics of the content of phenolic 
compounds in the shoots of Cornus mas were established in the period under study, they have a wider 
amplitude than that of Cornus officinalis and Cornus sessilis. This is consistent with the fact that Cornus 
mas is an indigenous species that is well adapted to the conditions of Northern Forest-Steppe of 
Ukraine and is the most winter-hardy of all studied species. 

Despite the fact that Cornus officinalis is also quite winter-hardy species and occurs from regions of 
Japan with a rather continental climate, the change in the accumulation of phenolic compounds 
in shoots occurs more smoothly. Perhaps this is due to the long period of primary inductive stress 
reaction that is a consequence of various genetic and geographical origin.

Cornus sessilis, a native of Western North America (CA), does not respond to temperature changes by 
changing the rate of synthesis of phenolic compounds and, consequently, has lower winter hardiness.

Members of the genus Cynoxylon have a similar pattern. The Cynoxylon japonica has a larger 
amplitude in the content of phenols in the temperature change unlike Cynoxylon florida, where the 
change in the accumulation of phenols occurs more smoothly. Cynoxylon japonica responds to more 
short-term changes in temperature contrast Cynoxylon florida, where the changes of accumulation of 
phenolic compounds occur only during prolonged cold snaps, or warming. All this indicates a higher 
frost resistance Cynoxylon japonica in relation to Cynoxylon florida.

Conclusions
Due to the fact that the dynamics of the content of phenolic compounds in plants of the family 
Cornaceae virtually unexplored, the study of this issue was a priority. The increase in the content 
of phenolic compounds in plants of the family Cornaceae in the process of low-temperature 
adaptation testifies to their important role in protecting cells from the action of stress factors. Since 
the dynamics of the content of phenolic compounds in plants of the family Cornaceae reflects its 
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interaction with the external environment, these compounds can be used as a biochemical marker 
to assess the level of adaptability.
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