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Hasedeno pezynomamu  15-piunux  Oocniodcenv 3 BUBYEHHS — 6MICMY
ackopOino6oi Kuciomu y nioo0ax 4opHoi cmopoounu. I1io uac eecemayii yopHOi
CMOpPOOUHU OY10 NIOpaxosano: cymy egekmusnux memnepamyp euuge 5°C; cymy
epekmusnux memnepamyp euwe 10 °C; eruyuHy aKmueHux memnepamyp,
KintbKicmb  onaois;, ciopomepmivnuil  koeghiyienm (I'TK). Bcmanoeneno, wo
MPUBANICMb CE30HY BUPOULYBAHHS YOPHOI cMOpoOuHu 6 ymosax llpasobepesicrnoco
Jlicocmeny Vxpainu cmanosumv 96 + 3—4 Oui. Ilpu uomy cyma eghexmuerux
memnepamyp euue 5 °C cknaoanra 750-950°, cyma epexmugnux memnepamyp uuje
10° C — 300-600 °, cyma axmuenux memnepamyp — 1050-1300 ° i onadie — 120-
300 vm, I'TK — 0,7-3,0.

Kniouosi cnosea: uopna cmopoouna, copm, SAKicmb, XIMIYHUL — CKAAO,
ackopbinosa Kucioma.

State of the problem. Ascorbic acid plays an important function in the body.
Comprehensive and extensive study of the most complex details in substances
metabolism has shown that ascorbic acid has one of the responsible roles in the
process of the whole cycle of fetal development of plants from emergence to
extinction — the role of the direct participant in the process of respiration,
photosynthesis, regulation of the activity of enzymes and coenzymes, general
exchange and transport substances, protecting cells against oxidative stress induced
by abiotic factors.

The biological role of ascorbic acid in the life of the human body is diverse: it
participates in oxidation reducing processes, affects the protein, carbohydrate,
mineral, cholesterol metabolism, is a participant in the formation of DNA of the cell
nucleus, promotes the regeneration of the intercellular substance of connective tissues
and the synthesis of collagen in the walls of blood vessels, reduces their permeability
and increases elasticity, prevents atherosclerosis, provides resistance to stress,
immunity and haematological status, promotes assimilation vitamins, and iron in the
body, increases its resistance to infections, prevents premature aging, eliminates the
effect of allergens and carcinogens [1, 2].

Analysis of recent studies and publications. Black currant (Ribes nigrum L.) is a
source of ascorbic acid. Its content in fruits varies considerably — 44-218 mg/100 g
[3], 50-350 mg/100 g [4], according to other data — 100-200 mg/100 g [5], 100-300
mg/100 g [6-8].
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The ascorbic acid level in black currant fruits is influenced by numerous factors:
peculiarities of the variety, area of cultivation, conditions of cultivation, age of the
bush, branches, their location, size and part of the fetus, degree of its ripeness, and
others [9-12]. Accumulation of ascorbic acid in currant fruits depends not only on the
intensity of synthesis, but also on the activity of enzymes. A characteristic feature of
black currant is the decrease in the ascorbic acid content until the end of the fruit
ripeness in 1.3-2.3 and its higher level under less favourable weather conditions
during the vegetation period [13]. The problem is the establishment of the laws of
ascorbic acid accumulation in black currant fruits, depending on the internal and
external factors.

The aim of the research is to analyze ascorbic acid content in black currant
(Ribes nigrum L.) fruit during many years of research.

Materials and methods. Research tasks were meant to establish:

- black currant growth duration and agroclimatic indicators during this period,;

- ascorbic acid content in black currant fruits depending on the variety and the
year of the harvest.

The study of agroclimatic indices influence on the beginning, the end of the
vegetation, the duration of the vegetation period and the ascorbic acid content in
black currant fruit of Holiaf, Pilot O. Mamkin, Mynai Shmyrov, Biloruska solodka,
and Novyna Prykarpattia were conducted during 15 years. According to observations
recorded: the beginning of the growing season (at an air temperature above 5 °C),
rainfall falling before the harvest, the beginning and the end of mass harvesting.

According to Uman meteorological station, during the growing season of black
currant it was counted [14]: the sum of effective temperatures above 5 °C; the sum of
effective temperatures above 10 °C; amounts of the active temperatures; amount of
the rainfall; hydrothermal coefficient (HTC). The ascorbic acid content in black
currant fruits was determined by the iodometric method (according to B. P. Pleshkov,
1976) [15]. The study of black currants was carried out in accordance with SSU
8319:2015. Repetition of chemical analyzes is threefold. Weight of the sample for
analysis is 2 kg [16].

Research results. The ascorbic acid content in black currant fruits is given in
Table 1.

Table 1. Ascorbic acid content in black currant fruits of different varieties

Variety Research| Change boundaries Average, Va_rigtion
years |over years, mg/100g| mg/100g | coefficient, %
Holiaf 4 134.6-145.2 142.6 4.4
Pilot O. Mamkin 2 176.0-184.8 180.4 3.5
Mynai Shmyrov 15 101.2-202.4 158.7 22.0
Novyna Prykarpattia| 15 118.8-229.3 181.6 20.3
Biloruska solodka 9 167.2—308.0 241.8 16.9
Average — 101.2-308.0 181.0 —
LSDgs 8,4 -
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Its fluctuation in fruits is quite high: from 101 mg/100 g (Mynai Shmyrov
variety) to 308 mg/100 g (Biloruska solodka variety), that is, the difference is more
than 3 times.

The variation coefficient in the fruits of these varieties shows the average and
significant variation of the indicator. Moreover, with an increase in the duration of
research, the coefficient increases, which indicates the influence of weather
conditions on the synthesis of ascorbic acid.

According to Figure 1, the ascorbic acid content of in fruits has clearly
distinguished varietal features. The variety impact strength on the ascorbic acid
accumulation is 52 %, weather conditions impact on the vegetation period is 37 %.
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Fig. 1. The content of ascorbic acid in blackcurrant fruits of different varietes:
—e— Munai Shmyrov; ==@== Novyna Prykarpattia; —#— Biloruska solodka.

The highest content of ascorbic acid in the fruits of the Biloruska solodka
variety is, on average, 241.8 mg/100 g, which is 1.3 times more than in the fruits of
the Poppy Pearl River variety and 1.6 times more than in the fruits of the Mynai
Shmyrov variety. The ascorbic acid content in fruits of the Biloruska solodka variety
is not only high, but also mostly stable within the average. In some years, its level
rises to 272-308 mg/100 g, and only in one — it was very low — 167 mg/100 g.

The high content of ascorbic acid in fruits of the Novyna Prykarpattia variety is,
on average, 184.9 mg/100 g. However, stability in its synthesis was not observed. In
some years its amount was 145.2-160.2 mg/100 g and 180.4-192.4 mg/100 g, rising
to 211.0-229.3 mg/100 g and could be seen at 118.8 mg/100 g.

Fruits of Mynai Shmyrov variety were of a relatively low content of ascorbic
acid, on average 151.9 mg/100 g. It is to some extent a varied feature, but there are
some significant fluctuations over the years. After all, the fruits could accumulate it
172.0-182.1 mg/100 g and 101.2-109.1 mg/100 g. In order to assess the influence of
weather conditions on the ascorbic acid synthesis, the thermal resources of the
growing season and the moisture indices have been used.

According to the long-term studies (table 2), we have established that in the
conditions of the Right-Bank Forest—Steppe Ukraine the beginning of the vegetation
of black currant falls on the period from the 2nd decade of March to the first decade
of April.
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Table 2. Agroclimatic indices during the black currant vegetation period
(15 years) in the conditions of the Right Bank Forest-Steppe of Ukraine

Vegetation Y of > of 5 of Rainy days Deviation
period effectiv | effectiv .| Rainfall, quantity | Theoretic- | from
) activ HTC . .
duration, et et ot mm during |meaningy,| actual
days >5°C |>10°C preharvest days Y,
y X1 X X3 X4 X5 period days
gé?3_27'06 885 473 |1035| 69 0.7 3 93 -
?52'?4‘07'07 791 | 424 |1060| 189 | 1.8 1 96 +4
?&?3_30'06 772 396 |1083| 269 2.5 1 99 +5
%gég)?’_zz'% 800 380 [1132| 124 1.1 2 92 -6
g7'3’3‘22'06 737 | 304 |1035| 296 | 29 | - 98 1
22.03-11.07
(112) 933 480 |1209| 285 2.4 5 103 -9
25.03-07.07
(105) 836 414 |1025| 306 3.0 3 100 -5
17.03-29.06
(103) 784 595 |1089| 220 2.0 1 98 -5
555'())3‘27'06 741 | 327 |1122| 140 | 13 - 91 4
35’43’4‘06'07 9026 | 516 |1304| 225 | 17 1 98 4
E)g,é())4—02.07 957 568 |1294| 156 1.2 — 92 +3
?34())4‘03'07 824 | 454 |1002| 236 | 2.2 2 98 4
?911'?4_03'07 911 473 1172 171 15 2 94 +3
?976())3_30'06 949 521 1286 | 128 1.0 1 89 +7
?81é§’4‘27'06 008 | 498 |1232| 167 | 14 _ 92 4
Average (96) | 850 455 |1145| 199 1.8 B 95.5 B
V (6.6) 9.1 18.1 | 86 | 35.6 | 39.0 4.2

That is, depending on weather conditions, it may be stretched. But, mainly, the
beginning of the black currant growth is fixed at the end of March — early April. The
mass harvest of fruits occurs mainly in late June or early July.

Given the slight variation in the indicator (coefficient of 6.6 %), it can
be assumed that the duration of the vegetation period for black currant is 96 + 3—4

days.
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Within 6 days, decisions should be taken regarding the priority of fruits harvesting of
different ripeness.

The minimum sum of effective and active temperatures necessary for the normal
growth and fruiting of black currant in the zone of the Forest-Steppe is determined:
the sum of effective temperatures is above 5 °C — 750-950° (average — 850°), the
sum of effective temperatures is above 10 °C — 300-600° (average — 455°), the
sum of active temperatures is 1050-1300° (average — 1145°). These indices are
objective for determining the consumer degree of fecundity of the black currant fruit.

The amount of moisture content of black currant (rainfall) during the years of
research varied considerably (coefficient of variation is 35.6 %) — 120-300 mm
(average is 199 mm), which corresponds to the unstable moisture zone. This is
evidenced by HTC — from 0.7 (typical for the Steppe) to 3.0 (characteristic for
excessive moisture). However, mainly HTC was fixed at the level of 1-2, which is
characterized by conditions of sufficient moisture.

The amount of moisture content of black currant (rainfall) during the years of
research varied considerably (coefficient of variation is 35.6 %) — 120-300 mm
(average is 199 mm), which corresponds to the unstable moisture zone. This is
evidenced by HTC — from 0.7 (typical for the Steppe) to 3.0 (characteristic for
excessive moisture). However, mainly HTC was fixed at the level of 1-2, which is
characterized by conditions of sufficient moisture.

The correlation and regression analysis of the linear dependence between the
duration of the vegetation period (y) and the agroclimatic parameters are carried out:
the sum of effective temperatures above 5 °C (X;), the sum of effective temperatures
above 10 °C (x,), the sum of active temperatures (x3), rainfall (x,) and HTC (xs). The
correlation between the indicators of the duration of the vegetation period and the
amounts of effective and active temperatures is weak, and precipitation and HTC is
moderate and does not meet practical needs. At the same time, the impact of all
indicators affects the meaning of a productive feature:

r=0.618+0.022 (1)
The equation has the following form:
y=146+0.0194x,—0.00353x,—0.0664x3+0.359x, — 34.06x5 (2)

The deviation of the theoretical indicator from a practical one is usually 3-5
days.

Depending on the agroclimatic parameters (see Table 2), the highest and high
content of ascorbic acid in the fruits during the growing season was noted under
conditions when:

— the sum of effective temperatures above 5 °C and 10 °C are close to medium,
large and significantly larger meanings, and the sum of active temperatures are
smaller and significantly less than average, rainfall slightly higher of average (HTC
— 2.0, 2.2), or less than average (HTC — 1.0);

— the sum of effective temperatures above 5 °C and 10 °C and the active ones
are higher and considerably higher than average, and rainfall is less (HTC — 1.2; 1.4)
or more (HTC — 1.2; 1.7) average;

— the sum of effective temperatures above 5°C and 10°C and the active ones are
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less than average and the sum of rainfall is less than average (HTC — 1.3).

Low content of ascorbic acid in black currant fruit is determined under
conditions when:

— the sum of the effective temperatures above 5 °C and 10 °C and active ones
are bigger and much higher than average, and the amount of rainfall is less than
average (HTC — 1.0, 1.4; 1.5);

— the sum of the effective temperatures above 5 °C and 10 °C and the sum of
active ones are close or lower than average, and the amount of rainfall is much higher
than average (HTC — 3.0).

The analysis of the received data shows the ambiguous influence of the HTC
indicator on the accumulation of ascorbic acid in black currant fruits.

Conclusion. Thus, the high C-vitality of black currant fruit depends to a large
extent on the variety, and only then on weather conditions during the formation of the
harvest. In the present work the impact of both genotype and environment on fruit
ascorbic acid content is highlighted and it is shown that while prevailing environ-
mental conditions can have a significant impact on the ascorbic acid content of fruit,
underlying genetic factors also have a role with phenotypic hierarchy generally
maintained year-to-year. These data suggest that breeding for ascorbic acid content in
black currant is an achievable aim.
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Annomayusn

Ocoxuna H., Kocmeukasa E., I'epacumuyk E.
Ackopounoeaa Kucioma 6 ni0oax 4YepHoi cMopoOUHbl

llpuseoennvie pesynomamol 15-1emHUX UCCIEO0BAHUL NO  COOEPIHCAHUIO
ACKOpOUHOBOU KUCIOMbL 8 NJI00AX YEePHOU CMOPOOuHbl. Bo 8pems eecemayuu yepHou
CMOPOOUHBL OBLIO NOOCHUMAHO: CYyMMY 3¢hhekmusnvix memnepamyp eviue 5 °C;
cymmy  oppexmusuvix memnepamyp eviue 10 °C; eenruuuHy  aKmMuHuIX
memnepamyp,; KOJUYeCmB80 0caokos, euopomepmuueckuii kodgppuyuenm (I'TK). B
X00e UCCed08aHUs U3Y4aiu NpoOOJHCUMENTbHOCHb POCMA YePHOU CMOPOOUHbL U
azpokaumamudecKue noxKazamenu 6 3mMom Nepuood, CcoOepIcanue ackopoOUHOBOU
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KUCTIOMbL 8 NA00AX YEPHOU CMOPOOUHbBL 8 3ABUCUMOCTIU OM COpma u 200a cobopa
ypoorcas.

Lenvio uccneoosanus ObLIO NPOAHATUBUPOBAMb COOEPICAHUE ACKOPOUHOBOLL
KUCTIOMbL 8 NA00AX YEepPHOU CMOPOOUHbL NAMU COPMOE 6 MeYeHUue MHO2UX Jiem
uccneo0o8anui.

Vemanosneno, umo npooondcumenbHOCmb Ce30HA  BbIPAWUBAHUS  YEPHOU
cmopoounsl 8 ycaosusx Ilpasobepescrnot Jlecocmenu Yxkpaunvt cocmaénsiem 96 + 3—
4 oua. Ilpuyem cymma s¢hghexmuenvix memnepamyp eviuie 5 °C cocmasnsina (50—
950°, cymma o¢pexmuenvix memnepamyp eviue 10 °C — 300-600° cymma
axmusHvlx memnepamyp — 1050—-1300°, ocaoxkos — 120-300 mm, I'TK — 0,7-3,0.

B cmamve npusedenvt 3axoHomepHocmu cuHme3a acKOpOUHOBOU KUCIOMbL 8
3asucumocmu om 0CoOeHHOCmeU COpma U A2POKIUMAMUYECKUX noxazameneu 60
8peMs  ecemayuu  pacmeHuu. AHanu3  NOMYYEHHLIX OAHHBLIX  NOKA3bleaem
HeoOHo3HauHoe erusiHue nokazamens HTC na naxonnenue ackopouHogol KUCiomol 6
n100ax 4epHou cMOPOOUHDL.

Bcecmoponnee u 6cecmoponmnee uzyueHue CamvlX CAOJNCHLIX Oemaell
MemabonuzmMa eewecms NOKA3a10, 4mo ackOpOUHOBAs KUCIOMA ucpaem OOHY U3
OMBEemMCMBEHHbIX pOJlell 8 npoyecce Bce20 YUKIA GHYMPUYmMpoOHO20 pa36umus
pacmenuti om nos8AeHUsL 00 UCHE3HOBEHUsL — POJb HENOCPEOCMBEHHO20 VHACMHUKA
npoyecca OvixaHue, ¢omocunmes, pecyrAYUs aAKMUBHOCMU (DepMeHmos U
Kogepmenmos, 00wUll 0OMeH U MPAHCHOPM BeWecms, 3auuma Kiemoxk om
OKUCTUMENIbHO20 CMpecca, 8bI36AHHO20 AOUOMUYECKUMU PAKMOPAMU.

Taxkum obpazom, evicokoe cooepoicanue eumamuna C nro0amu 4YepHol
CMOPOOUHDL 8 3HAUUMETLHOL CIMENneHU 3a8UcCUm om ux copmd, a moabkKo NOMOM Om
HO2OOHBIX YCI0B8UL NPU POPMUDOBAHULU VDOICASL.

Kntoueswvie cnosa: uepnas cmopoouna, copm, Kauyecmeo, XUMU4ecKuti cocmas,
AcKOpOUHOBAs KUCI0mMA.

Annotation

Osokina N., Kostetska K., Gerasymchuk H.
Ascorbic acid in black currant fruits

The ascorbic acid content of five varieties of black currants during 15 years of
research is given. During the growing season of black currant it was counted: the
sum of effective temperatures above 5 °C; the sum of effective temperatures above 10
°C; amounts of active temperatures; amount of rainfall; hydrothermal coefficient
(HTC).

The research objective was to analyze ascorbic acid content in black currant
fruit during many years of research. Research tasks were meant to establish black
currant growth duration and agroclimatic indicators during this period; ascorbic
acid content in black currant fruits depending on the variety and the year of the
harvest.

It is established that the duration of the black currant growing season in the
conditions of the Right-Bank Forest-Steppe ofUkraineis 96 + 3—4 days for thermal
resources:the sum of effective temperatures is above 5 °C — 750-950°, the sum of
effective temperatures is above 10 °C — 300-600°, the sum ofgtive temperatures is
1050-7300° and the rainfall is 120-300 mm, for the HTC it is 0,7-3,0. The
regularities of ascorbic acid synthesis are shown depending on the features of the
variety and agroclimatic indices during vegetation of plants. The analysis of the
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received data shows the ambiguous influence of the HTC indicator on the
accumulation of ascorbic acid in black currant fruits. A comprehensive and
comprehensive study of the most complex details of the metabolism of substances
showed that ascorbic acid plays one of the crucial roles in the entire cycle of
intrauterine development of plants from emergence to disappearance — the role of a
direct participant in the process of respiration, photosynthesis, regulation of the
activity of enzymes and coenzymes, general metabolism and transport of substances,
protecting cells from oxidative stress caused by abiotic factors.

Thus, the high C-vitality of black currant fruit depends to a large extent on the
variety, and only then on weather conditions during the formation of the harvest.

Key words: black currant, variety, quality, chemical composition, ascorbic acid
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Hageoeno pesynomamu oocniodcenv, ujo00 eKoHOMiuHOi ma OioeHepeemudHol
OYIHKU BUPOWYBAHHS DIZHUX B6UOI8 ecnapyemy 3aNeHCHO 8i0 YOOOpPeHHs, GUucomu
CKOWLYBAHHS — MPABOCMOI,  IHOKYAAYIl  HACIHHA mMa  pPOKI6  GUKOPUCIMAHHA.
Bcmanoeneno, wo Hatsuwuii  yMOBHO uucmuil  NpuOYmMOK mMa  HAUHUMICYY
cobigapmicmeb KOPMOBOI OOUHUYI mMaA CUPO2O HNPOMeEIHy Malu 3a SUPOUYEBAHHSL
ecnapyemy  NOCIBHO20, — €KOHOMIYHI ~ NOKA3HUKU  GUPOWYBAHHA  ecnapyemy
3aKaKazbKo20 ma NiWaHo20 6udie 3HAYHO nocmynanucs nepuiomy. Haiieuwuil
Koeiyicum eHepeemuyHoi epexmusHocmi ma HauMeHwi 3ampamu eHepeii Ha
BUpoOWy8aHHua 1 MOHHU KOpMOBUX OOUHUYL OMPUMANU HA NOCI6AX ecnapyemy
nocigHo2o copmy Amemucm J{oHeyvKuu.

Kniwowuosi cnosa: ecnapyem nocignuil, 3aKaékazvbkKuil, niwavuil, y00OOpeHHs,
8UCOMA CKOULYBAHHS, eKOHOMIKA, OioeHepeemudta OYiHKda.

Analysis of recent researches and publications. The highest condition for the
accelerated development of livestock production in the country is the creation of a
strong fodder base. This directly affects the ability to increase livestock amount and
its productivity. The reform of agriculture led to a sharp reduction in sown areas
under perennial legumes, which in turn affected the flow of organic matter into the
soil. Insufficient application of organic and mineral fertilizers significantly worsens

of soil fertility, which negatively affects the level of agricultural crops productivity.
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