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Abstract. The quality of fruit of garden strawberries grown on
technogenically contaminated soils has been assessed. The highest level of
copper and zinc in the fruit was recorded after broadcasting the recommended
quantity of the fertiliser NooPsoKso. Introduction of the sorbent ameliorant
GREENODIN GRAY reduced the content of copper and zinc in the
strawberries by 39 and 59% respectively. Researching the early-ripening
strawberry cultivars Olviya and Rozana Kyivska has revealed varietal
differences in the fruit’s trace element composition. Thus, it can be considered
that selection of the proper cultivar is another effective method of obtaining
environmentally safe products. Both strawberry cultivars under study were
characterised by intense translocation of Cu and Zn into fruit. However, the
Rozana Kyivska fruit contained 3 times more copper than the cultivar Olviya
did. The zinc level, too, was higher in the Rozana Kyivska fruit (by 1.5 times).
When introducing the recommended quantity of the fertiliser NooPeoKzo, the
following criteria for the potential storability and transportability of the Olviya
berries were recorded: resistance to phytopathogens, dense consistency of a
berry, and the dry matter content 10.08%. As a result, the Olviya berries had
the longest shelf life — 7 days, when stored in cooling chambers at 0.5°C and
relative air humidity 90%. The sugar-acid index in these samples had the
maximum value 6.9%, but the amount of vitamin C was at a minimum. This
research has become the basis for practical application of a technology of
growing strawberries of the cultivar Olviya. The technology involves
broadcasting the fertiliser NeoPeoKso together with the sorbent ameliorant
GREENODIN GRAY (500 kg/ha) during the primary tillage, and introduction
of NssP30Kis with irrigation water. The resulting Olviya berries are resistant to
diseases and phytopathogenic damage during storage, have high nutritional
value, and are less likely to accumulate ecotoxicants. The yield of berries in the
first year of using the plantation was 6,200-6,500kg/ha. The content of nitrates
and heavy metals in the berries did not exceed the maximum permissible
concentration.

Key words: garden strawberry, cultivar, heavy metals, nutritional
value, environmentally safe product.

Introduction. Formulation of the problem

In the world, production of berries is steadily
tending to grow. The global import of berries is only
increasing with years, being now over 6.5 million tonnes.
Of them, the most widely grown species is the garden
strawberry. It makes about 70 per cent of the world
production of berries, followed by currants and raspberry,
which run second and third respectively. Its high sensory
qualities, rich complex of bioactive substances, high
disease-preventive capacity have made this berry one of
the most popular with consumers. That is why producers
of these berries find it so important to improve their
quality and nutritional value and to increase their
storability in the course of commercial exchange and
processing. In a number of European countries, measures
to protect strawberries during their growing season
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include ten pesticide treatments. The last of the treatments
is allowed 3-5 days before harvesting [1].

In our country, industrial strawberry plantations are
still protected with substances containing heavy metals.
Besides, strawberry is a crop highly popular with home
gardeners, who often have their garden plots near
highways or industrial centres where the risk of heavy
metal accumulation in berries is high. This proves the
importance of studying the ways through which toxins
enter strawberry plants and of developing effective
methods to reduce heavy metal accumulation in fruit
caused by technogenic pollution.

Analysis of recent research and publications
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Heavy metals are chemical elements with the
atomic mass over 40 and density higher than 5g/cm?,
having the properties of metals [2]. The term ‘heavy
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metals’ is but vague: this group includes copper, zinc,
and other elements, called trace elements. They are of
positive biological value, but when accumulated over
a certain threshold limit, they can become toxic and
activate or, conversely, hinder biochemical processes
in living organisms. Of special interest are such heavy
metals as zinc, copper, lead, and cadmium.
Strawberry plants do not need most heavy metals, but
can actively absorb and accumulate them and pass
them on into the human body along food chains. This
is because strawberries have a shallow root system
and is more sensitive to pollution of soils than other
berries are.

Overconcentration of heavy metals (HM) in fruit
and berries grown under conditions of man-caused
impact is shown in studies by O. Vetrova et al. [3],
T. Sennovska et al. [4], C. G. Kowalenko [5],
N. Bagdatlioglu et al [6], M. Hamurcu [7],
A. Siedlecka [8], W. Treder, G. Cieslinski [9]. Thus,
N. Bagdatlioglu and her co-authors note that lead
finds its way into strawberry plants and is transported
into their above-ground organs more slowly than
other heavy metals. C. G. Kowalenko [5] studied the
distribution of trace elements (boron, zinc,
manganese, and iron) in the above-ground organs of
raspberry  plants  (the cultivar  Willamette).
M. Hamurcu, M.M. Ozcan, N.Dursun, S. Gezgin
analysed strawberries for the presence of heavy
metals and found that none of the samples contained
cadmium and lead, but in seven samples, nickel
exceeded the maximum contamination threshold.
Many researchers established that this element was
weakly fixed in the roots and more evenly (compared
to other HM) distributed in the organs of strawberry
plants [3,8]. W. Treder and G. Cieslinski from Poland
report that silicon, in the form of potassium silicate,
introduced directly into the soil when planting Elsanta
strawberries reduced absorption of cadmium by plants
and mitigated its toxic effect on them [9].

There is little information on how much zinc is
contained in vegetative organs of berry crops, and
practically all the data are only about its content in
leaves [4,6]. According to the results obtained by the
Russian  researchers [10], blackcurrant leaves
contained 20 times as much zinc as berries did, and
gooseberry and raspberry leaves 4-5 times as much. It
is, though, not easy to estimate these authors’ results,
because their data on the HM content are given on a
wet weight basis. So, it is quite a problem to compare
their results with data on other crops normally
presented as mg/kg of dry matter. However, fruit of
berry crops contain several-fold more water than their
leaves do, thus the difference these authors
established in the amounts of zinc contained in
raspberry and gooseberry leaves and fruit may be but
insignificant.

Accumulation of copper in vegetative organs of
the strawberry of the variety Red Gauntlet is
considered in detail by B. K. Tsilu [11]. In the course
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of these greenhouse experiments, the amounts of
copper (in the form of CuSO,) introduced into the soil
were 40 and 60mg/kg. These levels of copper
contamination of soil are comparable to that of our
experimental field. According to the researcher, on
the soil with no contamination, copper accumulation
in the plants followed the path leaves>fruit>roots. On
the contaminated soils, no matter how high their
contamination level was, the following path was
observed: leaves>roots>fruit.

The most environmentally significant HM in the
soil are loosely-bonded compounds, because they get
into plants and migrate to other adjacent media. lon
exchange and adsorption are the processes essential
for fixation of active forms of HM by the soil.
Agricultural measures that intensify these processes
in the soil can reduce the level of the HM forms most
available to plants. As sorbent ameliorants, one can
use waste from local mining enterprises and
preparation plants, residues of processing mineral raw
materials, and many naturally occurring minerals,
such as shungite, bentonite, glauconite, perlite,
diatomite, vermiculite, zeolite, etc. Organic sorbents
can be used, too: manure, peat, sapropel,
vermicompost. How effectively these fertilisers
reduce the risk of HM contamination of berry and
fruit crops is shown by B. K. Tsilu [11], S. Babel et
al. [12], A. Abd-Elfaltah and K.Wada [13], E.
Boros [14], and other scientists [15,16]. However,
practical aspects of applying organic sorbents in
strawberry cultivation still remain underdeveloped.

Soil humidity, too, has a significant effect on HM
accumulation in fruit of berry plants [17-19]. The
researchers [4] observed that in the year when the soil
humidity was higher, blackcurrant berries were
heavier and contained far less nickel, zinc, iron, and
copper. Therefore, when growing berry plants on
soils high in heavy metals, irrigation can have a
positive effect.

Thus, to control the level of toxic agents in
strawberry fruit, such methods can prove effective as
selecting cultivars that resist HM accumulation and
using natural adsorbents to raise agricultural crops
under conditions of irrigation. It has already been
shown how important it is to study distribution of
heavy metals in plant organs and tissues depending on
the species and cultivar [3,4,10,11,16], but there is
still a lack of similar research considering domestic
varieties of the garden strawberry. All the above
proves the novelty of this research carried out with
two cultivars of the garden strawberry under
conditions of real contamination.

Purpose and objectives of the research. The
purpose of the research is to find out whether the
garden strawberry grown on technologically
contaminated soils can yield environmentally safe
products of high quality. To achieve this purpose, the
following objectives were set:
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— to study how using an organic sorbent fertiliser
combined with mineral fertilisers effects on
accumulation of heavy metals (copper, zinc) and
nitrates in garden strawberry fruit;

— to compare the contents of heavy metals in fruit
of the cultivars Olviya and Rozana Kyivska, and the
biochemical and technological characteristics of their
berries.

Research materials and methods

The material for the research was a triennial
plantation of the garden strawberry Fragaria
ananassa Duch. (the early-season cultivars Olviya
and Rozana Kyivska). Both cultivars were developed
by selective breeding at the Institute of Horticulture
of the National Academy of Agrarian Sciences of
Ukraine (IH NAAS). The berries were picked in the
period of mass ripening of strawberry fruit (the end of
June, the years 2018 and 2019). The research lasted
throughout the years 2018-2019 on the premises of
Mykolaiv State Agricultural Research Station of the
Institute of Irrigated Farming, NAAS, with the use of
drip irrigation. The soil of the experimental field was
southern chernozem. For three years prior to the
research, the field had been used to grow early potato,
which had been subjected to heavy treatments with
pesticides. As a result, when the plot was pre-
examined in autumn, it turned out that the content of
some HM in the soil of the ecosystem to be studied
exceeded the maximum permissible concentrations
(MPC). It was established that the topsoil was mostly
contaminated by such HM as copper, cadmium, and
zinc: their content was, respectively, by 21.6, 2.2, and
1.3 times higher than the MPC values 3.00, 23.00,
and 0.70 mg/kg. (Looking ahead, it should be noted
that at the end of vegetation, the adsorptive effect of
the ameliorant, washing-out into deeper soil layers,
transition of HM into active forms, and absorption by
plants reduced the above-mentioned HM in the soil by
2-6 times.)

The agricultural methods were those commonly
used to grow garden strawberry, except for certain
techniques that were to be studied. From the start of
vegetation till the end of the fructification period, the
humidity of the soil layer, as deep as 30-40cm, was
maintained at 70-80-70% of the minimum moisture-
holding capacity (MMHC). The design of the
experiment also included the quantities of fertilisers and
methods of applying them: no fertilisers (control);
NooPeoKszo introduced by broadcasting (Sample 1);
GREENODIN GRAY, 250kg/ha, broadcast (Sample 2);
GREENODIN GRAY, 500kg/ha, broadcast + NasP3oKis
introduced with irrigation water (Sample 3). The sorbent
ameliorant GREENODIN GRAY (manufactured by
Sinta) is an organomineral mixture based on sapropel
and silicon-containing minerals. The product is used to
recultivate soils contaminated with heavy metals and
organic compounds, to reduce soil fatigue caused by
planting the same crop for years, and to improve the
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agrophysical parameters of acidic and toxic soils. The
fertilisers were applied before planting, according to the
design of the experiment. Fertigation with NasP3oKis
was carried out in the blooming period.

During mass ripening of strawberries, to assess how
effectively the agricultural measures prevented HM
from penetrating the plants, fruit samples were picked in
all variants of the experiment and analysed for their HM
content. The samples were transported to the laboratory
in the Mykolaiv affiliate of the Soils Protection Institute
of Ukraine (certified as an experimental laboratory,
accreditation no. 20830, in accordance with State
Standard of Ukraine (DSTU) ISO/IEC 17025:2017).
Heavy metals were determined in the samples by atomic
absorption spectrophotometry, using the apparatus C-
115-M1, according to DSTU I1SO 6636-2:2004 and
DSTU ISO 7952:2004.

For each variant of the experiment, fruit were
harvested separately, by hand, from all over the
experimental plot. The products harvested were
registered according to the procedure prescribed for
agricultural experiments with berry crops [21]. To
determine the preservation capacity of the berries, they
were packed for storage. Immediately after harvesting,
the berries were sorted, cleared of sepals, washed, dried
slightly, placed into perforated containers (each sample
weighed 600-700 @), and cooled down to 0.5°C in
cooling chambers. The storage temperature was 0.5°C,
the relative atmospheric humidity 90%. The samples
were stored for 7 days. The degree of preservation of the
strawberries was checked on the 3 and 7™ days by the
change in the weight of the berries (expressed as
percentage of their initial weight).

The biochemical analysis of fresh and cooled
berries included determining the soluble
solids content (by refractometry, according to DSTU
28562-90), the total sugars (by photocolourimetry,
DSTU 4954:2008), vitamin C (by iodometry, GOST
(State Standard) 24556), titrated acidity (by titration
with an alkali, DSTU 4957), sugar-acid index (by the
ratio of the mass fraction of sugars to organic acids), the
nitrate content (ionometrically, DSTU 4948:2008), the
content of salts of heavy metals (by atomic adsorption,
according to DSTU ISO 6636-2:2004 and DSTU ISO
7952:2004).

Results of the research and their discussion

124

The well-balanced combination of sugars and acids,
tender pulp, and easy-to-digest nutrients make
strawberries a valuable dietetic food product. The main
quality parameter determining their superior palatability
is their chemical composition: the content of dry matter,
sugars, organic acids, and vitamins. To assess the most
promising variants of growing the garden strawberry
with the use of drip irrigation, a series of biochemical
tests has been conducted to determine the content of
the main biochemical components of the berries
(Table 1).
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Table 1 — Biochemical parameters of fresh garden strawberries
(factorial distribution of the experiment 2x4 in quadruplicate)

Variants of the Dry Total Titrated Sugar-acid Vitamin C,
experiment matter, % | sugars, % | acidity*, % index mg/100g
Olviya
1. Control (no fertilisers) 8.60 4.56 0.78 5.8 62.7
2. Sample 1 10.08 6.92 1.01 6.9 55.0
3. Sample 2 9.02 5.19 0.82 6.3 60.6
4. Sample 3 9.93 6.97 1.15 6.1 71.4
S (standard deviation) 0.71 1.22 0.17 0.46 6.81
X=£Sx (standard error) 0.36 0.61 0.09 0.23 3.40
Rozana Kyivska

1. Control (no fertilisers) 8.11 4.12 0.75 5.4 60.0
2. Sample 1 8.85 5.62 0.87 6.5 71.9
3. Sample 2 8.72 5.07 0.80 6.3 62.4
4. Sample 3 8.61 5.94 0.94 6.3 64.3
S (standard deviation) 0.32 0.80 0.08 0.49 5.14
X=£Sx (standard error) 0.16 0.40 0.04 0.25 2.57

*in citric acid equivalent.

According to the data from the literature, the
most valuable strawberry cultivars are those
containing at least 12% of soluble solids (SS) in fresh
berries. The SS level required for technological
processing should be no lower than 8-10% [11].
These data allow concluding that the dry matter
content in the strawberry cultivars considered in our
research was above average. Under the influence of
the factors under study, this parameter varied from
8.11 to 10.08%. Analysis has shown that using
fertilisers increases the dry matter content in berries
by 0.42-1.33%, compared to the control. An increase
in the dry matter was registered in the variants where
mineral  fertilisers were broadcast in the
recommended quantities (Variant 2). The highest
content of the dry matter was recorded when growing
the cultivar Olviya, which results in good
transportability of berries of this variety. Strawberries
mainly contain such sugars as glucose, sucrose, and
fructose [9,11]. The sugar content in the Olviya cultivar,
too, was by 0.12-1.30% higher than in Rozana Kyivska.
Of the nutrition variants analysed, the variant with no
fertilisers and the one with only 250kg/ha of
GREENODIN GRAY introduced yielded raw materials
with the lowest sugar level, 5.07-5.19%. Application of
other quantities of fertilisers increased this parameter by
0.63-2.36% compared to the control.

The ratio of sugars and acids determines how
strawberries taste when eaten. The higher the sugar-acid
index is, the stronger the sensation of the ‘sweet taste’ of
the berry, and the lower this index, the ‘sourer’ taste is felt.
Sweeter berries are more readily eaten fresh, but berries
high in acid are less rottable and not so easily get fermented
when processed. According to our research data, the sugar-
acid index was the lowest in the strawberries grown with no
fertilisers, and the highest index (6.9) was in the Olviya
strawberries with the recommended dose of mineral
fertilisers introduced by broadcasting (Variant 2).

Strawberry is an early crop, so in this period, it is the
main source of the antioxidant — vitamin C. In the
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research, the ascorbic acid content in the strawberries
ranged from 55 to 72mg/100g. Its level was a little higher
in the Rozana Kyivska berries (an average of 64.7mg/100
g of all the experimental variants), whereas its content in
the Olviya fruit was 62.4mg/100g. Assessment of other
variants of the experiment (fertilised backgrounds)
revealed no other regularities in accumulation of this
substance in these cultivars.

Another indicator of the quality of strawberries is
the amount of heavy metal ions they accumulate — in
particular, copper and zinc (Table 2).

Table 2 — Content of toxic elements in garden
strawberry fruit, mg/kg DM (factorial distribution
of the experiment 2x4 in quadruplicate)

Variants of the experiment | Cu | Zn [ NOs
Olviya
1. Control (no fertilisers) 0.60 | 142 | 27.2
2. Sample 1 0.68 | 2.87 | 425
3. Sample 2 0.62 | 1.69 | 275
4. Sample 3 0.63 | 1.75 | 317
S (standard deviation) 0.03 | 0.64 | 7.15
X=£Sx (standard error) 0.02 | 032 | 3.58
Rozana Kyivska
1. Control (no fertilisers) 1.67 | 265 | 274
2. Sample 1 283 | 3.78 | 43.6
3. Sample 2 165 | 241 | 315
4. Sample 3 1.69 | 257 | 33.7
S (standard deviation) 0.58 | 0.63 | 6.88
X=£Sx (standard error) 029 | 031 | 3.44
MPC, mg/kg [22] 5.00 | 10.00 | 60.00
Copper, a biogenic element, was the principal

contaminant in the environmental conditions of our
experiment (its content in the soil exceeded the MPC).
Today, there is hardly any doubt that copper plays an
important part in metabolism of plants. Copper
participates in nitrogen and protein metabolism and
activates such important enzymes as nitrate reductase
and proteases. The copper-containing protein
plastocyanin is an element in the photosynthesis
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electron transport chain. This accounts for the high Cu
level in chloroplasts (75% of its total amount in a leaf).
On the other hand, copper is often a pollutant because
of its high technophility and due to the wide use of
copper-containing fungicides in farming.

In both strawberry cultivars, the lowest Cu level
was in the roots (Olviya — 0.58-2.24, Rozana
Kyivska— 0.86-1.02mg/lkg DM). The leaves
accumulated 0.34 to 1.68. Most copper was detected in
the fruit. Depending on the fertiliser used, the copper
content in the fruit was as follows (mg/kg DM): 0.60—
0.68 in Olviya, 1.65-2.83 in Rozana Kyivska. The
highest level of copper accumulation was in the
Rozana Kyivska berries — 1.96mg/kg DM (an average
of fertiliser backgrounds). The Olviya berries
accumulated this element in smaller quantities:
respectively, 0.63mg/kgDM. Besides, the cultivar
Rozana Kyivska was characterised by higher
accumulation of this element in the roots.

For the two cultivars, the average content of
copper in the fruit was by 1.03-1.69 times lower in the
control sample (no fertilisers) than in the fertilised
samples. It is worth noting that application of the
recommended quantity of NgoPesoK3so caused an increase
in copper in the berries, and the use of the recultivant
GREENODIN GRAY resulted in its decrease.

Zinc is another important biogenic trace element
necessary to synthesise chlorophyll and maintain the
respiratory enzyme activity. It is a component of such
enzyme as carbonic anhydrase, which catalyses
decomposition of carbonic acid into water and CO»,
then participates in photosynthesis. Zinc in plants is
highly mobile. Unlike lead, nickel, and cadmium, zinc
can pass through the plasmalemma of bundle sheath
cells and is found not only in cover and conductive
tissues of a leaf, but in the mesophyill, too [3].

In the strawberry cultivars analysed, the zinc
content in the fruit was significantly higher (5-15
times as much) than in the leaves and roots. Thus, zinc
in the roots ranged 0.14-0.56mg/kg DM in Olviya and
0.43-0.84mg/kg DM in Rozana Kyivska. In the leaves,
it ranged 0.15-0.26mg/kg DM in Olviya and 0.17—
0.29mg/kg DM in Rozana Kyivska. The zinc content in
the fruit, depending on the fertiliser, was (mg/kg DM):
in Olviya, 1.42-2.87, in Rozana Kyivska, 2.41-3.78.

The highest level of zinc was in the Rozana
Kyivska berries, and the Olviya berries accumulated
less of it. Besides, the roots and leaves of Rozana
Kyivska, too, had the higher content of zinc. The
average zinc content in the strawberry fruit was by
0.91-2.02 times lower in the unfertilised control than
in the fertilised samples. Like it was with copper,
introduction of the recommended dose of NgoPsoKso
increased the zinc content in the berries, and
application of the recultivant GREENODIN GRAY
decreased it.

Determining the content of nitrates in the
strawberries has shown that the techniques under study
do not result in nitrate accumulation in quantities
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exceeding the MPC. The lowest nitrate level was
registered in the crop grown on the unfertilised ground.
It has also been established how NO3z accumulation in
the berries varies with the cultivar. The largest
quantities of nitrates were registered for Rozana
Kyivska (34.1mg/kg on average for the fertilised
backgrounds). Using the cultivar Olviya reduces the
nitrate content by 5.3%.

Due to its physiological features, the garden
strawberry is classified as a perishable horticultural
product. Its high moisture content, thin cover tissues and
cell walls, weak moisture-holding capacity of colloids in
the cytoplasm, and low mechanical strength results in the
poor storability of strawberries. Besides, their storability
is greatly affected by the varietal genotype, degree of
ripeness, agrotechnological and environmental factors of
their cultivation. The storage time of perishable berries
increases under conditions when the metabolic activity in
berries is reduced. That is why during industrial storage,
strawberries are kept in cooling chambers at 0-2°C and
air humidity about 95% for 5-7 days. Cooling down
allows maximum retention of the natural properties of
fruit, but is accompanied by reduction in the total quantity
of standard berries (Table 3).

Table 3 — Degree of preservation of standard
strawberries, % of the initial quality
(factorial distribution of the experiment 2x4
in quadruplicate)

Variants of the experiment lDS?y|of3§[tjm|rag§]
Olviya
1. Control (no fertilisers) 100 | 96 | 80
2. Sample 1 100 | 100 | 92
3. Sample 2 100 | 100 | 84
4. Sample 3 100 | 100 | 92
V, % (coefficient of variation) | — | 2.0 | 6.9
Rozana Kyivska
1. Control (no fertilisers) 100 | 90 | 75
2. Sample 1 100 | 98 | 82
3. Sample 2 100 | 97 | 81
4. Sample 3 100 | 97 | 81
V, % (coefficient of variation) | — | 3.9 | 4.0

In the course of the experiment, it was established
that the samples of berries with a higher dry matter
content were characterised by higher preservation
capacity, and for the first 3 days of storage, fully
retained their quality and maximum resistance to
Botrytis cinerea infection (‘grey rot’). Their further
storage led to reduction in the number of berries of the
standard quality because of natural loss and
phytopathogenic damage. The higher degree of
preservation was observed in the Olviya berries (92%
of standard berries on the seventh day of storage).

Approbation of results

126

This research has proved the advantages of the
garden strawberry cultivar Olviya: it is resistant to
diseases and phytopathogenic damage to its fruit when
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stored, has high nutritional value, and is less likely to
accumulate ecotoxicants. Along with selecting the proper
cultivar, application of certain acrotechnological methods
allowed reducing the ingress of HM from the
environment into plants. So, this technology (cultivation
of Olviya strawberries accompanied by broadcasting
500kg/ha of NgoPsoKso together with the sorbent
ameliorant GREENODIN GRAY during the primary
tillage, and introduction of NasP3Kis with irrigation
water) was implemented at the private enterprise
Dvoretsky V.F. on a 0.5ha field. In the first year of using
the plantation, the yield of berries was 6,200-6,500 kg/ha.
The nitrate and HM content did not exceed the MPC.

Conclusion

It has been found how to obtain environmentally
safe garden strawberries of high quality by growing
them on technogenically polluted soils. In particular,

determining the content of the main pollutants,
copper and zinc, and of nitrates has shown that their
level in the berries did not exceed the MPC.
Introduction of the sorbent ameliorant GREENODIN
GRAY allows reducing the content of copper and zinc
in strawberries by 39 and 59% respectively. The
copper and zinc content in the Rozana Kyivska fruit
was, respectively, 3 and 1.5 times higher than in the
variety Olviya. When the recommended quantity of the
fertiliser NooPsoKso was introduced, the following
parameters of the potential storability and
transportability of the Olviya berries were recorded:
resistance to phytopathogens, dense consistency of a
berry, and the dry matter content 10.08%. As a result,
the Olviya berries had the longest shelf life — 7 days,
when stored in cooling chambers at 0.5°C and relative
air humidity 90%. In these samples, the sugar-acid
index had the maximum value 6.9%.

References:
1.  Karaklajic-Stajic Z, Glasic IS, Ruzic Dj, Vujovic T, Pesakovic M. Microelements content in leaves of raspberry cv. Willamette as
affected by foliar nutrition and substrates. Horticultural Sciences. 2012;39(2):67-73. https://doi.org/10.17221/80/2011-HORTSCI
2. Yakovyshyna TF. Ekologichnyi monitoryng: kontrol i detoksykatsiia vazhkykh metaliv v gruntakh urboekosystem. Dnipro: Nova

Ideologiia; 2013.

3. Vetrova OA, Kuznetzov MN, Leonicheva EV, Motyleva SM, Mertvisheva ME. Nakoplenie tdzélyh metallov v organah zemlaniki

sadovoj \Y usloviéh tehnogennogo
https://doi.org/10.15389/agrobiology.2014.5.113eng

zagraznenia.

Sel’skokhozyaistvennaya Biologiya. 2014;5:113-119.

4.  Sennovskaya TV, Zarubin AN, Sashko EK. Osobennosti nakopleniya tyazhyolykh metallov v plodakh i list’yakh nekotorykh sortov

smorodiny. Plodovodstvo i yagodovodstvo Rossii. 2003;X:366-367.

5. Kowalenko CG. Accumulation and distribution of micronutrients in Willamette red raspberry plants. Canadian Journal of Plant Science.

2004;85(1):179-191. https://doi.org/10.4141/P03-107

6. Bagdatlioglu N, Nergiz C, Ergonul PG. Heavy metals levels in leafy vegetables and some selected fruits. Journal fur Verbraucherschutz
und Lebensmittelsicherheit. 2010;5:421-428. https://doi.org/10.1007/s00003-010-0594-y

7. Hamurcu M, Ozcan MM, Dursun N, Gezgin S. Mineral and heavy metals levels in some fruits grown at the roadsides. Food and
Chemical Toxicology. 2010;48(6):1767-1770. https://doi.org/10.1016/j.fct.2010.03.031

8.  Siedlecka A. Some aspects of interactions between heavy metals and plant mineral nutrients. Acta Soc. Bot. Pol. 1995;64(3):262-272.

https://doi.org/10.5586/asbp.1995.035

9.  Treder W, Cieslinski G. Effect of silicon application on cadmium uptake and distribution in strawberry plants grown on contaminated
soils. Journal of Plant Nutrition. 2005;28(6):917-929. https://doi.org/10.1081/PLN-200058877

10. Vetrova OA, Mertvisheva ME. Vliyanie ceolita na soderzhanie tyazhyolych metallov v pochve pri vyrashchivanii zemlyaniki sadovoj v
usloviyach technogennogo zagryazneniya. In Kompleksnoe primenenie sredstv chimizatcii v adaptivno-landshaftnom zemledelii.

Moskva; 2010. P. 35-38.

11. Tsilu BK. Effektivnost' ispol'zovaniya prirodnykh tseolitov pri vozdelyvanii zemlyaniki stsel'yu povysheniya ee produktivnosti i
snizheniya urovnya zagryazneniya tyazhelymi metallami [dissertatsiya]. Moskva: NYZY SNP; 1992. 26 p.
12. Babel S, Kurniawan TA. Low-cost adsorbents for heavy metals uptake from contaminated water: a review. J. Hazard. Mater. 2003;97(1-

3):219-243. hitps://doi.org/10.1016/S0304-3894(02)00263-7

13. Abd-Elfaltah A, Wada K. Adsorption of lead, copper, zinc, cobalt and cadmium by soils that differ in cation exchange materials. J. Soil
Sci. 1981;32(2):271-283. https://doi.org/10.1111/j.1365-2389.1981.th01706.x

14. Boros E, Baémaga M, Kucharski J, Wyszkowska J. The usefulness of organic substances and plant growth in neutralizing the effects of
zinc on the biochemical properties of soil. Fresenius Environmental Bulletin. 2011;20(12):3101-3109.

15. Panuccio MR, Crea F, Sorgona A, Cacco G. Adsorption of nutrients and cadmium by different minerals: experimental studies and
modeling. Journal of Environmental Management. 2008;88(4):890-898. https://doi.org/10.1016/j.jenvman.2007.04.015

16. Kuznetzov MN, Roeva TA, Leonicheva EV, Motyleva SM. Vliyanie agrofona na effektivnost' tseolitsoderzhashchej porody kak inaktivatora
tyazhyolych metallov v yagodnom agrotsenoze. Sovremennoe sadovodsnvo. 2010;1:40-45.

17. Hough RL, Breward N, Young SD, Crout NMJ, Tye AM, Moir AM, et al. Assessing potential risk of heavy metal exposure from

consumption of home-produced vegetables by urban populations.

https://doi.org/10.1289/ehp.5589

Environmental Health Perspectives. 2004;112(2):215-221.

18. Arora M, Kiran B, Rani S, Rani A, Kaur B, Mittal N. Heavy metal accumulation in vegetables irrigated with water from different
sources. Food Chem. 2008;111(4):811-815. https://doi.org/10.1016/j.foodchem.2008.04.049

19. Dziubanek G, Piekut A, Rusin M, Baranowska R, Hajok I. Contamination of food crops grown on soils with elevated heavy metals
content. Ecotoxicol. Environ. Saf. 2015;118:183-189. https://doi.org/10.1016/j.ecoenv.2015.04.032

20. Singh A, Sharma RK, Agrawal M, Marshall F. Effects of wastewater irrigation on physicochemical properties of soils and availability of

heavy  metals in  soil and  vegetables.
https://doi.org/10.1080/00103620903327543

Commun. Soil Sci.

Plant  Anal. 2009;40(21-22):3469-3490.

21. Markovskiy VS, Zavgorodniy IV. Metodyka provedennya agronomichnih doslidiv z yagidnimi culturamy. Kyiv: Urozhaj; 1993.
22. Degodyuk EG. Viroschuvannya ekologichno chystoyi produktsii roslynnytstva. Kyiv: Urozhaj; 2007.

Xapuoa Hayka i Texsonorist / Food science and technology

127

Volume 14 Issue 4/ 2020


https://doi.org/10.17221/80/2011-HORTSCI

TexHonozis i 6eanexka npodykmie xapyyeaHHsa / Technology and safety of food products

SAKICTH IIJIOAIB CYHUIII CATOBOI ITPU BUPOIIYBAHHI
B YMOBAX TEXHOI'EHHOT'O 3ABPY/IHEHHSA

O.I. IMerpoBa, KaHIUIAT CUILCHKOTOCIIONAPCHKUX HAyK, moreHT, E-mail: 3p@ukr.net

T.B. KauanoBa, KaHauIar CiIbChKOTOCIIONAPChKUX Hayk, morenT, E-mail: kachanova0909@gmail.com

T.M. MaHymKiHa, KaHIuIaT CUIbCHKOroCoaapchkux Hayk, gouent, E-mail: latushkina2004@gmail.com

P.O. Tpubpar, KaHauIaT CilIbChKOTrOCIIONAPChKUX HayK, mouent, E-mail: tribrat21@ukr.net

I.B. CmipHoBa, acucrenr, E-mail: smirnovaiv@mnau.edu.ua

MukonaiBChKH HaIliOHAIBHAH arpapHUd yHiBepcuTeT, ByAa. ['eopris 'onramze, 9, M. Mukomnais, Ykpaina, 54020

AHortanisi. OIIHEHO SKICTh IUIOJIB CYHHII CaJIOBOI, BUPOIIECHOI Ha TEXHOTEHHO 3a0pyqHEHHX IpyHTaxX. Haiibinbime
Cu i Zn y mnozax 3adikcoBaHO 3a BHECEHHs peKoMeHI0BaHOI no3u 100puB (NooPsoK3o Bpo3kum), BHECEHHS MeIliOpaHTy-
copbertry GREENODIN GRAY no3sonse 3umuty Bmict Cu i Zn y sromax cynuni Ha 39 ta 59% BigmosinHo. Ilpu
BHUBYEHHI PAaHHBOCTUINIMX copTiB cyHuni OnbBis Ta Po3ana KuiBChKa JOBEJEHOI COPTOBI PO3XO/DKEHHS B
MIKpOEJIEMEHTHOMY CKJIaJi IUIOJIB, IO JO3BOJNSE BBAXATH MifOIp COPTY TaKOX IOTEHIITHO €(pEeKTUBHUM IPHHOMOM
ollep)KaHHS eKOJOriyHO Oe3mewyHoi npoxykmii. [ms 000X HOCHiKYyBaHMX COpPTIB CYHHII XapaKTepHa IHTEHCHBHA
tpancnokanis Cu i Zn y miuoau. OxHak y copty Po3ana kuiBcpka mroau mictmwm Cu BiIOBIZHO y 3 pas3u Oinblie, HIX Y
copry OnbBis. Bumnit BMicT Zn y miogax TakoX 3a3HaueHHi 1o copty Pozanna kwmiBchka (y 1,5 pasm). IIpu BHeceHHi
pexomeHnoBanol no3u 1no0puB NooPeoKso y siromax copty OnbBist 3adikcoBaHO KpHTepil MOTEHIadbHOI JIEKKOCTI i
TpaHCIOPTaOeNBbHOCTI ATIA: CTIMKICTh 10 (ITONATOreHiB, NIUIbHA KOHCHCTEHMLIs srif, BMicT cyxux pedoBuH 10.08%,
BHACJIIIOK 4Oro siroau copty OnbBis Maly MakCHMalTbHHN TepMiH 30epiraHHs B XOJIOAWIFHUX KaMepax MpH TeMIIepaTypi
0,5°C 1 BigHOCHIH Bomorocrti mositpst 90% — 7 ni6. Y BiAMiYeHHX 3pa3Kax sTiJ IYKPOBO-KHCIOTHHH I1HJEKC MaB
MaKCHMAJIbHUH TOKa3HUK 6,9%, omHak BitamiH C OyB y MiHiManbpHiM Kinpkocti. Ha mifcraBi JaHWUX IOCHTIJKEHb, y
BUPOOHHILTBO BIPOBa/UKEHO TEXHOJOTiI0 BHUPOLIYBaHHA CyHuIl copry OumnbBist i3 BHeceHHAM NooPeoK3o pasom 3
merniopanToM-copoenToMm GREENODIN GRAY, 500 kr/ra Bpo3kupa miJl OCHOBHHH 00poOiTOK IpyHTY Ta NasP3oKis 3
MIOJIUBHOIO BOJIOIO, SITOJM SIKOT BiAPI3HSUIMCA CTIMKICTIO 1O 3aXBOPIOBAaHb i ypaxxeHHs (iromaroreHamu Ipu 30epiraHti,
BHCOKOIO XapYOBOIO ILIHHICTIO Ta MaJHM CXWJIBHICTH JI0 MEHIIOI0 HaKOIMHMYEHHS eKOTOKCHKAHTIB. YPOXaWHICTh sTiJ Y
MepIIni pik BUKOPUCTaHHS IUIAHTAlLii cTaHOBWIA 65 1/Ta, BMICT HITPATiB Ta Ba)KKMX METAJIB Y Arogax He IEpEeBHINYBaB
I'PaHUYHO JOIYCTHUMY KOHLIEHTPALI 0.

Kiro4oBi cioBa: cyHHUIIs caioBa, COPT, BaXKKi METalM, Xap4oBa LiHHICTh, €KOJIOTIYHO Oe3MevHa MPOAYKIILisl.
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