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Abstract
A food value of carrot roots is determined by a content of such chemical composition components as dry substance, ascorbic
acid, carotene and other. The carrot value is also determined by its ability to be stored for a long time. The research aim was to study
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a food value change of different carrot sorts at storage open in boxes. The research gives an ability to search a carrot sort, suitable for
long storage, and also to search arrangements for better preservation of carrot nutritiousness at storage.

It has been established, that the dynamics and intensity of losses of the roots’ food value depends on sort peculiarities. Thus,
during 7.5 months of storage sorts Daryna, Shantane KL and Nant Kharkiv lost from 0.92 to 4.12 % of dry substance. The content of
total sugar decreased by 0.16 and 0.77 % of its initial content in sorts Daryna and Nant Kharkiv, whereas Shantane demonstrated the
content increase at the end of storage by 0.29 %. The same tendency was observed also by changes of the content of monosaccharides
and saccharose.

The content of ascorbic acid and carotene during storage varied from increase to decrease. At the end of storage losses of
ascorbic acid and carotene were 1.43—1.93 and 3.42—4.26 mg/100 g respectively. The content of nitrates at the end of storage in Dary-
na roots remained at the initial level — 202 mg/kg of the humid mass, in Shantane and Nant Kharkiv it decreased by 18 and 26 %
respectively.

At that it must be noted, that the processes of nutritiousness changes were more intensive in Daryna and Nant Kharkiv roots.
In Shantane the carrot roots content changes of chemical composition components were slower.
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1. Introduction

Quality of vegetables is an intricate complex of parameters that determine their fitness for
consumption fresh, processing or storage during a certain period without worsening of commodity
and consumption properties. An assessment of fresh vegetable products is realized by outlook, con-
sistence and also food and biological value, conditioned by the content of carbohydrates, vitamins,
mineral substances [1-3].

Carrot (Daucus carota L.) is a high-nutritive root. It is used as a healing plant during near
4 thousand years. It is widely used in gastronomy as the most popular flavoring. It may also be a
main product. Healthy and healing properties of carrot are explained by its rich composition. It
contains vitamins of the group B, PP, C, E, K, carotene — a substance, transforming into vitamin A
in the human organism. Depending on sort, carrot contains near 1.3 % of proteins, 7 % of carbo-
hydrates.

Carrot contains a lot of mineral substances, necessary for the human organism: potassium,
iron, phosphorus, magnesium, cobalt, copper, iodine, zinc and so on. It contains essential oils, con-
ditioning its original smell and taste [4, 5].

Unfortunately, during storage carrot roots lose nutritive substances, especially contents of
sugar and vitamins. Chemical changes and their intensity at storage are connected with sort pecu-
liarities, planting and storing conditions, initial quality of roots.

The chemical composition of roots is determined by both biological peculiarities of a sort
and soil-climatic and agrotechnical conditions of cultivation. The content and ratio of different
substances, fraction composition and properties change under the influence of the external envi-
ronment and also at all stages of organogenesis that is the chemical composition of roots is unstable
and can vary widely [6, 7].

Numerous new sorts (136) were created, including 64 % of foreign selection. 136 sorts of
table carrot, including 64 % of foreign selection, are registered in the State Register of sorts of
Ukrainian plants [8]. Unfortunately, new sorts are assessed only by yielding capacity, ignoring
food value preservation at storage. But high harvests of carrot don’t solve the problem of enough
population supply with high-value products in winter.

After harvesting roots continue to live at storage. Complicated enzymatic processes take
place in them; the most important is breathing. It is an oxidizing process by nature and needs an
oxygen inflow for its course. At breathing an organic substance oxidizes, and energy, necessary for
a whole series of processes, emanates. That is the gradual loss of an organic substance for breathing
processes takes place [9-11].

At the same time water evaporation by the surface takes place in stored objects. It takes
place at the expanse of water diffusion from one vacuole to another, from one cell to another
through semi-permeable membranes, surrounding vacuoles and the content of each cell. Water can
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also move under the influence of a hydrostatic pressure gradient through interfibrillar spaces in
cellular walls [12].

It is known from literary sources [13, 14], that changes of dry substance and total sugar in
vegetable products at long storage depend on intensity and directionality of breathing processes. Disin-
tegration of an organic substance, especially carbohydrates, takes place at course of 15-20 successive
reactions (Krebs cycle, Embden-Meyerhof-Parnas pathway and so on). The normal running of these
chemical reactions depends on presence of a great number of enzymes, especially oxidases.

The research aim was to study a food value change of different carrot sorts at storage open
in boxes.

The research gives an ability to search a carrot sort, suitable for long storage. It gives a possi-
bility to prolong the consumption period of fresh products that has a sociological effect, and also to
search arrangements for better preservation of carrot nutritiousness and decrease of its mass losses
at storage. A decrease of mass losses increases the storage economic efficiency.

2. Materials and methods for studying the intensity of carrot natural mass losses at storage

The studies were conducted during 2017-2018 in the Institute of vegetable and melon grow-
ing of NAAS of Ukraine (Merefa city of the Kharkiv region). The institute and its experimental
field are situated in the Eastern part of the Left-bank Forest-Steppe of Ukraine at the Kharkiv
region territory. Carrot was cultivated using drop irrigation. At carrot cultivation, the soil humidity
in the layer of 0—50 cm was kept by drop irrigation at level 75 % of NH.

The climate of this district is moderately continental with unstable humidification and air
temperature. According to data of the metrological station of the Institute of vegetable and melon
growing of NAAS, the average temperature of many years is 8.1 °C. The most cold month is Jan-
uary (-5.5 °C), the hottest — July (21.3 °C). The average amount of precipitation is 560.2 mm. The
minimal amount of precipitation falls in March, the maximal one — in July.

The field experiments were conducted according to conventional methods [15]. They were
conducted with carrot sorts Daryna, Shantane KL, Nant Kharkiv (control), included to the State
Register of plant sorts, suitable for dissemination n Ukraine [§]. The sowing term is the first decade
of May. The sowing method is wide-row, the scheme of plants placement: 45 cm — distance between
rows, 5 cm — distance between plants in a row (Fig. 1). The plants density is 444.44 thousand units/
he. The accounting plot area is 25.6 m?, the experiment iteration is fourfold. The variants placement
is systematic.

Carrot was harvested by the conventional method. Products, corresponded to the actual SSU
7035:2009, were put for storage [16]. Carrot roots were put for storage at the end of October and got
out of it at the end of April. Roots were stored in a depository at temperature 0+0.5 °C and relative
air humidity 85-90 %. Roots were stored according to “Methodical recommendations for storing
fruits, vegetables and grape. Organization and conduction of studies” [17]. They were stored in
open boxes. The mass of an average sample is 5 kg [18].

Observations were conducted each two months. Biochemical studies were conducted during
storage by standardized methods, namely:

— content of dry substance was determined by the drying method [19];

— the total content of sugars [20]; ascorbic acid (vitamin C) [21];

— content of nitrates [22], carotene [23].

The statistical processing of obtained results was conducted using the program package
«Statistica 6» and Excel.

At determining certain components of the chemical composition for comparing results at
storage, the recalculation of the substances content was conducted, adjusted for a mass loss.

The characteristics of the studied sorts:

— Daryna — late ripening carrot sort, selected in Czechia near 20 years ago (Fig. 2). It is
perfectly stored to the next summer. Losses of roots during a year don’t exceed 8 %. It fits well
for conservation and freezing. The vegetation period is 130—150 days from the time of continuous
sprouts. The root sizes are up to 24 cm, weight — 190-200 g.
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— Shantane KL — late carrot sort, selected in France (Fig. 3). The vegetation period is of
130 days. Roots are of conic form with an edgeless tip, length is 10—15 cm and diameter is 4—6 cm,
bright orange color, mass —300-500 g, taste qualities are perfect. It is recommended for consump-

tion fresh and long storage.
— Nant Kharkiv — is considered as a classic European carrot (Fig. 4). Just this sort is used as

a standard by yielding capacity and roots’ outlook. A Nant root is a long cylinder of middle diam-
eter with an edgeless lower tip.

Fig. 2. Daryna

The color of this sort of roots is bright orange.
The flesh is homogenous by the whole root length. The average mass of such carrot is

80—150 g at the length from 11 to 16 cm.
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Fig. 3. Shantane KL
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Fig. 4. Nant Kharkiv

3. Results of the studies of food value changes of carrot at storage
The dynamics and intensity of losses of certain carrot chemical composition components, deter-

mining its food value, has been analyzed. The tendency to gradual decrease of the dry substance content
at storage in roots of the sorts Daryna (from 17.93 to 13.81 %) and Nant Kharkiv (from 16.63 to 14.41 %)
has been established (Table 1). This parameter for the sort Shantane till the middle of March had been
at the level of values at the beginning of storage and only afterwards decreased (from 14.28 to 13.36 %).
The content of total sugar before storage in the sorts Daryna and Nant Kharkiv was higher than
in Shantane (7.17 %) as 7.84 and 8.18 % respectively. But at the end of storage its content in Shantane
increased by 0.29 %, whereas in Daryna and Nant Kharkiv — by 0.16-0.77 %.
The content of monosaccharides in roots of the experimental sorts Daryna (3.61 %) and Nant
Kharkiv (3.68 %) a bit increases at initial storage periods and gradually decreases. At the end of stor-
age term the content of monosugars a bit grows because of growth processes activation. The essential
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increase of the amount of monosugars from 2.98 to the level of 3.34 % is observed in the first period
for the sort Shantane. In further periods this index for the sort Shantane remains almost unchangeable.

Table 1
Content on certain chemical composition components in carrot roots depending on storage term (average
for 2017-2018)

Chemical composition component Storage term Daryna Shant :::: ‘ Nant Khariv
Dry substance, % Begér;zing g: Eii iii
B a
Monosaccharides, % Begér;ging gg; igi 3’;‘??
Saccharose, % B%;giiging ggﬁ igi :(1)21;
Ascorbic acid, mg/100 g Befi:izziﬂg iiﬁ ;‘;71 ;22
Carotene, mg/100 g Beijizing 192_ 3713 2 ;431 13(3;

In average in the research years the content of saccharose by the sorts Daryna and Nant Kharkiv
firstly increased, then decreased. At that there must be noted the sort Daryna: the increase was 1.73 %
of the initial content. The saccharose content decrease in roots took place gradually till the level before
storage: 4.02 and 4.18 % respectively. For the sort Shantane the content of saccharose during the whole
storage period was almost at the same level within 3.86—4.44 %. At the end of the storage term these
sorts don’t essentially differ by saccharose content.

The content of ascorbic acid in carrot roots decreased in the first one and a half of the storage
months: in Daryna from 4.81 to 5.15 mg/100 g, in Nant Kharkiv from 5.56 to 5.92 mg/100 g. Whereas
in Shantane it remained unchangeable in this period as 4.8 mg/100 g. At further storage the content of
ascorbic acid in Daryna and Nant Kharkiv roots gradually decreased. In Shantane there was observed
a tendency to decrease during the next four months up to 3.21 mg/100 g. But in the two months before
the storage end, its increase was fixed. So, at the end of storage the content of ascorbic acid in the sorts
Daryna, Shantane and Nant Kharkiv was 3.11; 3.34 and 3.63 mg/100 g respectively.

Carotene is provitamin A. It transforms into vitamin A in the human organism by oxi-
dation and hydrolysis. The sort Nant Kharkiv is characterized by the higher carotene content as
14.33 mg/100 g. It was 12.73 and 8.73 mg/100 g respectively in Daryna and Shantane. Its content
decreased and increased by turn each two months. And at the end of storage the carotene content in
Daryna roots was 9.31 mg/100 g, Shantane — 5.24 and Nant Kharkin — 10.07 mg/100 g. At that car-
otene losses are the most for the sort Nant Kharkiv as 4.26 mg/100 g for the whole storage period.

The content of nitrates in vegetable products is an indicator of low quality and danger for
humans and animals. The maximum permissible concentration in late ripening carrot is 250 mg/kg
of the wet mass. The nitrates content in roots of the experimental sorts was within 191-235 mg/kg
(Table 2). The most one was in the sort Nant Kharkiv, the least one — in Shantone.

Table 2
Dynamics of the nitrates content in carrot roots at storage, mg/kg of the wet mass (average for 2017-2018)
Sort End of October (before Middle of De-  Middle of Feb- Middle of March Middle of April
storage) cember ruary (after storage)
Daryna 200 241 232 249 202
Shantane 191 209 229 187 156
Nant Kharkiv 235 222 206 176 175
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The nitrates content Daryna roots increased and decreased each two months and remained
at the initial level at the end of storage: 202 mg/kg. The nitrates content in the sort Shantane in-
creased by 17 % till the middle of storage. The nitrates content decreased to 156 mg/kg of the wet
mass till the end of storage.

The sort Nant Kharkiv is characterized by the gradual decrease of the nitrate content
during storage — to 175 mg/kg of the wet mass. The nitrates content increase in roots in initial
storage periods may be connected with a decrease of cellular juice concentration as a result of
moisture evaporation. At the end of the storage term, when growth processes activate in roots,
a share of nitrate nitrogen transforms in ammonium forms. Such nitrogen is spent for building
amino acids and protein molecules, necessary for processes of embryonic formation of new
generative organs.

4. Conclusions
The intensity and dynamics of losses of chemical composition components, determining the
food value of carrot roots, depend on sort peculiarities.
The gradual content decrease of dry substance, total sugar, saccharose and monosaccharides
in roots at storage has been observed. Whereas the content of ascorbic acid, carotene and nitrates
in roots at storage varied from increase to decrease. It is connected with physiological processes,
taking place in roots, because carrot is a biennial plant.
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