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Effect of ripening on 
biochemical characteristics 
of tangerine tomatoes 
(Solanum lycopersicum L.)
Abstract
Relevance. When creating tomato varieties and hybrids, much attention is paid not only to
the commercial component (yield, appearance and uniform ripening), but also to the taste
qualities of the products. Salad tomato varieties with yellow, tangerine, and pink fruits are
increasingly in demand. As a rule, these fruits do not store for a long time, so it is necessary
to increase their storability and transportability. Fruits of this group of tomatoes have high
antioxidant activity, which is due not only to the significant content of water-soluble antioxi-
dants (such as ascorbic acid), but also carotenoids. The preservation of fruit largely depends
on the dry matter content.
The aim of investigation is to study biochemical parameters of tangerine tomatoes fruits
under different ripening conditions.
Materials and methods. Plants were grown in the greenhouse of Federal Scientific Vegetable
Center. Biochemical characteristics of tomato fruits were studied during harvesting and after
laying for storage in the milky ripeness phase according to the following indicators: dry mat-
ter, ascorbic acid, total content of water-soluble antioxidants, titratable acidity, monosaccha-
rides, polyphenols and carotenoids.
Results. The percentage of dry matter in tangerine tomato fruits does not change during stor-
age, even increases slightly. The dry matter content of fruits from the open field is slightly
higher than that of fruits from the greenhouse. The content of sugars and ascorbic acid in
fruits with tangerine fruits after laying for ripening decreases slightly. However, the content of
these compounds is higher in mature fruits immediately after picking than in fruits after ripen-
ing. The total content of antioxidants during ripening decreases, though not significantly (in
1.1-1.7 times).
Keywords: tangerine tomatoes, dry matter, monosaccharides, ascorbic acid, total antioxidant
content, total acid content, polyphenols, carotenoids.

Влияние дозаривания на 
биохимические показатели плодов
томата (Solanum lycopersicum L.)
оранжевой окраски
Резюме
Актуальность. При создании сортов и гибридов томата уделяется большое внима-
ние не только коммерческой составляющей (урожайности, внешнему виду и равно-
мерному созреванию), но и вкусовым качествам продукции, относящиеся к органо-
лептическим показателям. Все больше востребованы салатные сорта томата с жёл-
тыми, оранжевыми и розовыми плодами. Как правило, такие плоды долго не хра-
нятся, в связи с чем необходимо увеличить их лёжкость и транспортабельность.
Плоды данной группы томата имеют высокую антиоксидантную активность, кото-
рая обусловлена не только значительным содержанием водорастворимых анти-
оксидантов (например, аскорбиновой кислоты), но и каротиноидами. Сохранность
плодов во многом зависит от содержания сухого вещества.
Цель исследования – изучение биохимических показателей оранжевоокрашенных
плодов томата при разных условиях дозаривания.
Материалы и методы. Растения выращивали в поликарбонатных теплицах лабора-
тории селекции и семеноводства паслёновых культур ФГБНУ ФНЦО. В лаборатор-
но-аналитическом отделе был изучен биохимический состав плодов томата при
уборке с поля и после закладки на хранение в фазе молочной спелости по следую-
щим показателям: сухое вещество, аскорбиновая кислота, суммарное содержания
водорастворимых антиоксидантов, титруемая кислотность, моносахаров, полифе-
нолы и каротиноиды.
Результаты. Процент сухого вещества в оранжевоокрашенных плодах томата не
изменяется при хранении, даже несколько повышается. Содержание сухого веще-
ства в плодах из открытого грунта несколько выше, чем в плодах из теплицы.
Содержание аскорбиновой кислоты в плодах с желто-оранжевой окраской плодов
после закладки на дозаривание уменьшается в 1,2-1,4 раза, а сахаров в 1,4 раза.
Однако в зрелых плодах, сразу после сбора, содержание данных соединений
несколько выше, чем в плодах после дозаривания. Отмечена тенденция по сниже-
нию суммарного содержания водорастворимых антиоксидантов при дозаривании (в
1,1-1,7 раза).
Ключевые слова: оранжевоокрашенные сорта томата, сухое вещество, моносахара,
аскорбиновая кислота, суммарное содержание антиоксидантов, полифенолы, каро-
тиноиды
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Introduction

The problem of year-round supply of the population with fresh
vegetables, including tomatoes, is generally solved. Partly

due to domestic production and to a greater extent due to import.
The area under tomatoes in the open field in Russia is decreasing. In
2020, according to Russian Statistics, they were only 81.8 thousand
hectares, which is 6.9 thousand hectares less than in 2015 [1].
However, a marked increase in the area of protected ground
(according to estimates of the Ministry of Agriculture of the Russian
Federation in 2018, about 300 hectares of winter greenhouses were
commissioned in Russia) and an increase in the area of open ground
under drip irrigation (they grew by more than 50 times and amount-
ed to 51.0 thousand ha), which influenced the increased production
of fresh domestic products. According to estimates of INTERAGRO,
the yield of tomatoes in 2020 will be 560 thousand tons, import – 534
thousand tons. Thus, for the first time in many years, domestic pro-
duction may displace import and reaches 51%, which is 3% higher
than in 2019.

Increased production of domestic products will probably gradual-
ly replace imported products of tomato fruits and seeds. First of all,
it is necessary to create competitive varieties and hybrids of tomato
for both open and protected ground, to establish seed production
and especially the creation of hybrids. In addition to, yield and high
marketable qualities, it is necessary to focus more on organoleptic
components, in terms of appearance and taste [2 – 5].

Salad tomato varieties with yellow, tangerine and pink fruits,
whose coloration depends on the qualitative and quantitative
composition of carotenoids such as lutein, β-carotene and ζ-
carotene, which have positive effects on the human body, are
increasingly in demand [6; 7]. In 16 tomato samples, high-per-
formance liquid chromatography methods showed that high
lycopene content was noted in red-colored samples, whereas
three dominant carotenoids (δ-carotene, β-carotene and proli-
copene) were detected in tangerine-colored tomatoes. Yellow-
colored tomatoes showed lower carotenoid content compared to
red and tangerine tomatoes (no lycopene and little β-carotene
content) [8]. Deineka et al. [9] on tomato samples of red, pink,
tangerine, and yellow coloration: trans-lycopene and its cis-iso-
mers are the main carotenoids of red and pink fruits, protoly-
copene and other carotenes preceding its biosynthesis are typi-
cal for orange-colored fruits, while in yellow tomatoes a significant
accumulation of lutein was noted. Despite these results, in terms
of the content of carotenoids, sugars, and ascorbic acid in yellow-
colored, tangerine-colored, and pink-colored tomato fruits, these
varieties are in demand for dietary foods for people with digestive
problems and children's diets [10 – 14]. But they do not store for
a long time and are not transportable, due to the fact that simulta-
neously with the ripening of the tomato fruit there are processes
leading to spoilage of the product, which, in turn, is caused by the
cleavage of pectin by the enzyme polygalacturonase [15].

Fruit preservation depends on the dry matter content [16]. The
higher the percentage of dry matter, the better the preservation of
fruits. It is necessary to increase the storage period and create vari-
eties more storable, without losing their taste qualities. We have
already created a number of such varieties: tangerine-fruited –
Charovnitsa, Osennyaya rapsodiya, Dolgonosik, Viking [17].

Therefore, the purpose of our investigation was to study the bio-
chemical parameters of tangerine-colored tomato fruits under differ-
ent conditions of ripening.

Material and Methods
The material for the study were selection samples of toma-

toes from the laboratory of breeding and seed production of

Solanaceae crops FSBSI FSVC with tangerine-orange color of
fruits (Fig. 1, 2, 3, 4).

Breeding accession Line 1-21 is a medium-late, determinant. The
fruit is oval in shape with an elongated nose, dense, lying, tangerine
in color, weighing up to 200-250 g. Highly resistant to phytophthora.
Intended for growing in greenhouses.

Cv. Rufina is an early maturing, determinant variety. The leaf is
medium-sized, green. Inflorescence intermediate type, the fruit is
round, slightly ribbed, medium density, weighing up to 90 g. The
color of the immature fruit is green, the mature one is bright tanger-
ine. The number of nests 4-5. Weight of the fruit up to 90 g.
Marketable yield 14-18 kg/m2. Resistant to tobacco mosaic virus and
phytophthora.

Cv. Charovnitsa – medium early determinant bush, the height of
the main stem to 60-70 cm. Variety medium-late maturity (100-115
days). The fruit is oval, dense, smooth, does not crack, weighing up
to 100 g, original tangerine color, with good preservation of fruits
after collection. The peduncle without articulation. The dense consis-
tency of fruit makes it possible to use them for whole-fruit canning
and pickling. Yields 50-60 t/ha. Resistant to phytophthora and toma-
to apical rot. Recommended for cultivation in a field and greenhous-
es.

Cv. Osennyaya rapsodiya is selected for the open field, medium-
early, from the mass sprouts to maturity 97-100 days. The height of
the main stem is 50-55 cm. The bush is determinant. Oblivionality is
average, the leaf average, light green. The shape of the fruit is round-
ed, weighing 130-160 g. The color of the fruit in the technical
ripeness is green, without the green spot at the stalk, in the biologi-
cal ripeness – tangerine. The yield is 55-65 tons per hectare. Drought
tolerant and cold hardy. Relatively resistant to phytophthora, fruits
do not crack, not affected by apical rot.

Standard agricultural techniques for tomato crop were used.
Samples were grown in unheated greenhouses. Seedlings were
planted in cassettes (5x5 cm cell) on March 25, planting in the
ground on April 25. Scheme of planting a two-line 70x50x35 cm.
Field experiments, phenological observations, and yield record were
conducted according to the Methodical instructions on selection of
tomato varieties and hybrids for field and greenhouse [18].

Fruits for ripening were placed in the milk-ripe phase of maturity
in plastic crates of 25 x 40 cm with holes on the entire surface of the
walls. The ripening was carried out indoors, at a room temperature
not exceeding 18ºC. Fruits were laid visually healthy, without dam-
age, collected in dry weather. Fruits were laid in two layers, boxes
were not closed. Illumination of the room was natural. Counting and
biochemical analysis were performed after fruit ripening in two
weeks after storing.

Analysis of biochemical composition in fruits with yellow-tanger-
ine coloring of fruits of promising lines was carried out in two stages
– the first analysis of fruits collected mature, the second analysis of
fruits collected in the milk-ripe stage and put in for ripening.

The biochemical composition of tomato fruits was studied
according to the following indicators: determination of the total con-
tent of water-soluble antioxidants – by the method of Maximov et al.
[19], ascorbic acid (AA) was the standard; AA content – by the
Sapozhnikova and Dorofeeva method [20]. Dry matter content – by
drying the sample to a constant weight [21], titratable acidity was
determined by the Andryushchenko method [22], monosaccharides
content was conducted by cyanide method [23]. Taste Index was
calculated according to Navez et al. [24] using the formula
TI=TA+TS/(20xTA), (where TA – titratable acidity, TS – sugar content).

Polyphenol content was determined using a spectrophotometer
using the Folin-Ciocalteu reagent [25] in alcoholic extracts of dried
tomato fruits (70% ethanol, heating to 80 °C for 1 h). Gallic acid was
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used as a standard. The results were expressed in mg-eq of gallic
acid/g dry weight.

The content of the sum of antioxidants was determined by titrat-
ing 1 ml of 0.05 N KMnO4 solution in 0.24 M H2SO4 medium with the
analyzed solution (extract of dried tomato fruits in 70% alcohol) until
the permanganate solution discolored [25]. Gallic acid was used as
a standard [26]. The results were expressed in mg-eq of gallic acid/g
dry weight.

Determination of carotenoid composition was carried out accord-
ing to the following procedure. Before the analysis, fruits were
washed, dried with filter paper and homogenized. From 0.5 to 1.5 g
of the resulting mixture (depending on the brightness of fruit color)
was extracted with acetone (3x5 ml), using a glass powder for better
extraction of carotenoids while grinding samples in a mortar. To the
combined acetone extract, about 9 mL of hexane and then 50-60 mL
of distilled water were added. The aqueous layer was separated and
the washing of the organic layer with water was repeated 4-5 times
until the harsh smell of acetone disappeared. The hexane layer thus
obtained was quantitatively transferred to a 10 ml pycnometer,
brought to the mark with hexane and filtered on a folded filter
through a layer of anhydrous sodium sulfate. The solution was stored
without bright light and analyzed within 6 h after preparation [27; 28].

Statistical processing of the experimental data was performed
according to Dospekhov [29] using the Excel statistical program.
Data were processed by analysis of variance and mean separations
were performed through the Duncan multiple range test, with refer-
ence to 0.05 probability level.

Results and discussing
Tomato varieties and hybrids with high dry matter content (more

than 6%) are in demand for the preparation of juices and tomato
paste. In the process of ripening, the fruits of such varieties do not
lose their marketable appearance, remaining dense [30].
Knowledge of the dynamics of dry matter accumulation in tomato
samples of different ripeness groups during the early phases of
ontogenesis makes it possible to use the specific breeding material
more purposefully in a short time of the field season, which will sig-
nificantly accelerate the process of creating new hybrids and toma-
to varieties with specified parameters [16].

The comparative analysis of dry matter content in mature fruits
immediately after harvesting and in fruits after 20 days storage (fruits
laid in the milk phase of maturity) showed that this indicator in toma-
to fruits after storage has not changed, except for the cv. Rufina. The
percentage of dry matter was higher in ripe tomatoes – 7.5 %, and in
the laid in storage significantly lower – 5.9 %. The fruits of this variety
are more dense than other varieties, which apparently led to less
intensive moisture loss. Probably, the conditions of growing in pro-
tected ground on the quality of fruits after storage had no significant
influence (Table 1).

For the content of monosaccharides a different pattern was noted:
the maximum is shown for samples cv. Rufina and Line 1-21 before put-
ting in storage. In 20 days after storage in these samples there was a
significant decrease in the content of this parameter: from 3.0%...3.4%
to 2.1%...2.4%, while in the cv. Charovnitsa and cv. Osennyaya rap-
sodiya these values were comparable with each other, both before stor-
age and after (Table 1).

At the same time, the correlation coefficient between dry matter con-
tent and monosaccharides was high and was r=0.75 at p<0.02 (Fig. 5).

The chemical diversity of natural antioxidants makes it difficult to sep-
arate, identify, and quantify individual antioxidants from complex
food/biological substances. Nevertheless, the indicator of total antioxi-
dant activity is often more informative in assessing the healing and ben-
eficial effects of biological complexes due to the synergistic action of

Рис. 1. Томат, Линия №1-21
Fig.1. Tomato b.a. Line №1-21

Рис. 2. Томат, сорт Руфина
Fig. 2. Tomato cv. Rufina

Рис.3. Томат, сорт Чаровница
Fig. 3. Tomato cv. Charovnitsa

Рис. 4. Томат, сорт Осенняя рапсодия
Fig. 4. Tomato cv. Osennyaya rapsodiya
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individual antioxidants [31]. Therefore, the content of water-soluble
antioxidants in vegetable crops is currently one of the most important
indicators [25]. We measured both the total content of water-soluble
antioxidants and one of the indicators – L-ascorbic acid.

The ascorbic acid content was the highest in mature tomato fruits
of cv. Rufina and cv. Charovnitsa, and in Line 1-21, whereas in cv.
Osennyaya rapsodiya it was significantly lower by 1.3 times. After
three weeks of storage, the ascorbic acid content in tomato fruits of
all samples was 1.2-1.4 times lower than in mature tomatoes collect-
ed from the field and immediately analyzed (Table 2). The same pat-
tern was shown for the sum of water-soluble antioxidants for all sam-
ples except the cv. Osennyaya rapsodiya – the amount of antioxi-
dants was comparable both in fruits after storage and in those imme-
diately collected in the field.

The calculated correlation coefficient between ascorbic acid con-
tent and the sum of water-soluble antioxidants was also high – r=0.86
(Fig. 6) due to the fact that ascorbic acid makes the main contribu-
tion to antioxidant activity.

One of the indicators of the taste characteristics of tomato fruits
is the total acidity – titratable acidity (calculated per malic acid). The
highest percentage of acidity in tomato fruits was found in the cv.
Rufina, the fruits of which were collected from the field and immedi-
ately analyzed. A 1.2-fold decrease in titratable acidity was observed
in Rufina fruits put in storage. The least amount of organic acids was
determined in the cv. Charovnitsa in both variants of the experiment.
Apparently, the varietal factor determines the variation in the content
of organic acids in the studied tomato varieties in different variants
(Table 2). It is known that the ratio of sugars and acids in tomato

fruits is an important criterion for evaluation of taste qualities – taste
index (TI). 

Taste index of fruits harvested mature was significantly higher in
Line 1-21 compared to cv. Rufina, cv. Charovnitsa and cv.
Osennyaya rapsodiya by 1.5 times. Whereas after storage, the taste
index in the Line 1-21 and cv. Osennyaya rapsodiya decreased by
1.3-1.4 times and their values became comparable to the other vari-
eties. In cv. Charovnitsa and cv. Rufina taste index remained
unchanged. This may be explained by the fact that the tomato fruits
harvested mature, receive water and the necessary organic and min-
eral substances from the mother plant, while the harvested fruits in
the phase of ripeness and put in storage, do not receive nutrients.

Among secondary metabolites, polyphenols appear to be the
most important due to their high antioxidant activity and anticarcino-
genic properties [32]. In addition to these properties, such com-
pounds also exhibit a synergistic effect with other natural antioxi-

Fig. 5. Relationship between monosaccharides and dry matter
content in tomato fruits (r=0.75; р<0.02)

Table 1. Dry matter content and content of monosaccharides in tan-
gerine-colored tomato fruits before and after storage

Sample

Matured fruit After storage

Dry 
matter, 

%

Monosac-
charides, 

%

Dry 
matter, 

%

Monosac-
charides,

%

b.a. Line №1-21 6.3±0.20 b 3.3±0.09 a 6.8±0.12 a 2.4±0.04 b

Rufina 7.5±0.21 a 3.0±0.04 a 5.9±0.03 b 2.1±0.02 b

Charovnitsa 5.3±0.01 с 2.0±0.03 c 5.1±0.01 с 1.8±0.03 c

Osennyaya 
rapsodiya

4.9±0.02 с 2.2±0.04 b 4.9±0.09 с 1.7±0.01 c

Values with similar letters do not differ statistically according
to Duncan's test at p<0.05.

Table 2. Content of ascorbic acid, the total water-soluble antioxidants 
and titratable acidity in tangerine tomato fruits before and after storage

Sample

Matured fruit After storage

Ascorbic 
acid, 

mg/100g

Total 
water-soluble

antioxidant 
content, mg-eq.
ascorbic acid/g

Titratable 
acidity, % 
(in terms 

of malic acid)

Ascorbic 
acid, 

mg/100 g

Total 
water-soluble

antioxidant 
content, mg-eq.
ascorbic acid/g

Titratable 
acidity,% 
(in terms 

of malic acid)

b.a. Line №1-21 26.4±0.1a 1.69±0.01b 0.287±0,003c 21.5±0.44b 1.22±0.005b 0.305±0.01b

Rufina 30.8±0.9a 2.05±0.03a 0.403±0,004a 21.5±0.88b 1.29±0.005b 0.345±0.01b

Charovnitsa 27.7±0.4a 2.12±0.02a 0.275±0,013c 23.8±0.88b 1,23±0.005b 0.261±0.01c

Osennyaya rapsodiya 23.7±0.9b 1.21±0.01b 0.311±0,01b 17.6±0.01c 1,05±0.015c 0.351±0.01b

Values with similar letters do not differ statistically according to Duncan's test at p<0.05.

Fig. 6. Relationship between ascorbic acid content and the total
water-soluble antioxidant content in tomato fruits (r=0.86;
р<0.001)
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dants [25; 33]. In addition, researchers from Estonia determined the
total content of polyphenols and flavonoid content in plants of the
Solanaceae family – tomato, eggplant, chili pepper and potato [34].
It was shown that the highest content of polyphenols was found in
eggplant – 9.00 mg/g and 6.60 mg/g respectively, followed by chili
pepper – 4.80 mg/1 g and 2.40 mg/1 g) respectively, and in tomato
– 3.6 mg/1 g in terms of tannic acid.

In terms of polyphenol content, 2 samples – Line 1-21 and cv.
Rufina analyzed after laying for ripening. The fruits showed the high-
est amount of antioxidants compared to the fruits harvested and ana-
lyzed immediately. Whereas in other experimental variants the val-
ues of this indicator were comparable (Table 4).

The amount of antioxidants in fruits after storage increased by
1.3-1.5 times. At the same time, a high correlation coefficient
between these two parameters – r=0.92 - was also shown (Fig. 7). In
many publications, a high correlation coefficient between these two
parameters was observed on various plant objects. It has been
shown that phenolic compounds make a major contribution to the
antioxidant activity due to their antioxidant-reduction properties,
which allow them to act as reducing agents, hydrogen donors and
neutralizers of singlet oxygen [35].

One of the most important tasks in the breeding of cultivated vari-
eties of tomato with a high content of carotenoids in the fruit. When
stored for ripening, the carotenoid content was in the range of
8.8...12.6 mg%. At the same time, the lowest content (8.8 mg%) was
observed in the fruits of tomato Line 1-21. In the remaining samples,
the values were comparable (Fig. 8). After ripening, carotenoid con-
tent increased in Line 1-21 (1.5-fold) and cv. Osennyaya rapsodiya
(1.4-fold). In the other tomato samples, the carotenoid values before
storage and after ripening were comparable.

The content of ascorbic acid and the amount of water-soluble
antioxidants increased significantly during storage of orange-red
tomato fruits. Apparently, this is associated with an increase in respi-
ration intensity during ripening, and with the increase of ROS activi-
ty. Similar results were also reported by Mandol et al. (2004) [36].

They showed that the ripening process of tomato fruits is accompa-
nied by an increase in oxidative stress due to a significant increase in
the amount of ROS. Varieties with short storage time are more sus-
ceptible to oxidative stress than long storage varieties due to the
enzyme activity decrease and the increase in ascorbic acid content.

The increase in the ascorbate content during storage, is known to
be accompanied by β-carotene increase [37], and a decrease of
lycopene [38] as a result of lycopinepsilocyclase and lycopinbetacy-
clase activity. In the orange-colored tomatoes in the present work,
only two varieties demonstrates the total carotenoid content
increase during stoorage (line 1-21 and Osennyaya rhapsodya).

The increase in polyphenols and antioxidant amount during toma-
to storage was shown both in our study and in the investigation of
Wrzodak et al. (2015 a, b) [39, 40] on plants treated with 1-MCP
before storage. The authors attributed this result to the fact that 1-
MCP is an ethylene inhibitor, which reduces the rate of ripening of
tomato fruits, reduces rotting and weight loss. But the analysis of

Fig. 8. Sum of carotenoid content in the tangerine-colored tomato
fruits before and after storage Values with similar letters do not
differ statistically according to Duncan's test at p<0.05

Table 4. Polyphenol and antioxidant content in the alcohol extract in the tangerine-colored tomato fruits before and after storage

Sample Matured fruit After storage

Polyphenol,
mg-eq Gallic acid/g

Antioxidant 
content, mg-eq. 

Gallic acid/g

Polyphenol, 
mg-eq Gallic acid/g

Antioxidant content, 
mg-eq. Gallic acid/g

b.a. Line №1-21 20.54 ±0.09b 29.81±1.24b 23.04±0.17a 44.58±0.74a

Rufina 19.51±0.49b 25.76±3.06c 21.33±0.63a 38.63±0.81b

Charovnitsa 19.98±0.12b 26.87±0.12c 20.51±0.25b 33.54±1.43b

Osennyaya rapsodiya 20.39±0.12b 28.08±0.62c 20.77±0.23b 39.20±4.30b

Values with similar letters do not differ statistically according to Duncan's test at p<0.05

Table 3. Taste index of tangerine-colored tomato fruits before and
after storage

Sample
Matured 

fruit
After 

storage

b.a. Line №1-21 0.62a 0.45b

Rufina 0.42b 0.36c

Charovnitsa 0.41b 0.39b

Osennyaya rapsodiya 0.40b 0.30c

Values with the same letters are not statistically different
according to Duncan's test at p<0.05

Fig. 7. Relationship between the content of polyphenols and
antioxidant content in tangerine-colored tomato fruits (r=0.92;
p<0.001)
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publications showed that tomato fruit ripening is a complex multi-
code process with many branching biosynthesis pathways, and, for
example, the MYB protein family transcription factors can affect both
carotenoid accumulation and chromoplast biogenesis, but also neg-
atively regulate polyphenol accumulation by suppressing gene
expression [37].

Conclusion
Thus, the analysis of tangerine-colored tomatoes after

storage revealed that, the fruits of Line 1-21 significantly

increased the total antioxidant activity, ascorbic acid and
decreased the percentage of dry matter, indicating the pos-
sibility of using these tomatoes as a donor for taste qualities
and long storage period in the breeding process.
Biochemical parameters of tomato fruits of cv. Rufina, cv.
Charovnitsa and cv. Osennyaya rapsodiya varieties did not
change after storage. The content of carotenoids in geno-
type Line 1-21 and cv. Osennyaya rapsodiya varieties signifi-
cantly increased after storage, while in other varieties it
remained unchanged.

Об авторах:
Ирина Юрьевна Кондратьева – кандидат с.-х. наук, ведущий научный
сотрудник лаборатории селекции и семеноводства паслёновых культур,
https://orcid.org/0000-0003-0548-1491
Анна Владимировна Молчанова – кандидат с.-х. наук, ст.н.с.
Лабораторно-аналитического отдела, 
https://orcid.org/0000-0002-7795-7463, 
автор для переписки, vovka_ks@rambler.ru

About the Authors:
Irina Yu. Kondratyeva – Cand. Sci. (Agriculture), 
leading researcher of Laboratory of breeding and seed production 
of Solanaceae crops, https://orcid.org/0000-0003-0548-1491
Anna V. Molchanova – Cand. Sci. (Agriculture), 
senior researcher of Analytical department, 
https://orcid.org/0000-0002-7795-7463, 
Correspondence Author, vovka_ks@rambler.ru

● Литература / References

1. Surikhina T.N., Meshcheryakova R.A., Telegina G.A. Features of vegetable
production in the context of the COVID-19 pandemic. Potatoes and vegeta-
bles. 2021;(9):22-26. 
doi.org/10/25630/PAV/2021/83/31/003 (in Russ.)
2. GOST 8756.1-2017 Processed fruits, vegetables and mushrooms. Methods
for determining organoleptic indicators, mass fraction of constituents, net
weight or volume. M. Standartinform. 2019. 12 p. (in Russ.)
3. The Tomato Genome Consortium. The tomato genome sequences provides
insights into fleshy fruit evolution. Nature. 2012;(485):635-641.
https://doi.org/10.1038/nature11119
4. Powell A.L.T., Nguyen C.V., Hill T., Cheng K.L.L., Figueroa-Balderas R.,
Aktas H., Ashrafi H., Pons C., Fernández-Muñoz R., Vicente A., Lopez-
Baltazar J., Barry C.S., Liu Y., Chetelat R., Granell A., Van Deynze A.,
Giovannoni J.J., Bennett A.B. Uniform ripening Encodes a Golden 2-like
Transcription Factor Regulating Tomato Fruit Chloroplast Development.
Science. 2012;(336):1711–1715.
5. Tieman D., Zhu G., Resende M.F.R. Jr., Lin T., Nguyen C., Bies D., Rambla
J.L., Beltran K., Taylor M., Zhang B., Ikeda H., Liu Z., Fisher J., Zemach I.,
Monforte A., Zamir D., Granell A., Kirst M., Huang S., Klee H. A chemical
genetic roadmap to improved tomato flavor. Science. 2017;(355):391–394.
https://doi.org/10.1126/science.aal1556.
6. Gulin A.V., Donskaya V.I., Katakaev N.H. Criterion for assessing the quali-
ty of tomato fruits by the content of sugars and acids. News of FSVC.
2019;(2):79-82. (in Russ.)
7. Rodriguez-Amaya D.B. Update on natural food pigments – A mini-review on
carotenoids, anthocyanins, and betalains. Food Research International.
2019;(124):200-205. 
https://doi.org/10.1016/j.foodres.2018.05.028
8. Hee Ju Yoo, Woo Jung Park, Gyu-Myung Lee, Chang-Sik Oh, Inhwa Yeam,
Dong-Chan Won, Chang Kil Kim, Je Min Lee. Inferring the genetic determi-
nates of fruit colors in tomato by carotenoid profiling. Molecules.
2017;(22):764. https://doi.org/10.3390/molecules22050764
9. Deineka V.I., Burzhinskaya T.G., Deineka L.A., Blinova I.P. Determination
of carotenoids in tomato fruits of various colors. Journal of Analytical
Chemistry. 2021;76(2):135-142. 
https://doi.org/10.31857/S0044450220120063 (in Russ.)
10. DiMascio P., Raiser S., Sies H. Lycopene as the most effective biological
capotenoid singlet oxygen. Arch Biochem Biophys. 1989;(274):532-538.
11. Nisar N., Li L., Lu S., Khin N.C., Pogson B.J. Carotenoid metabolism in
plants. Mol. Plant. 2015; 8(1):68-82. 
https://doi.org/10.1016/j.molp.2014.12.007
12. Goderska K., Dombhare K., Radziejewska-Kubzdela E. Evaluation of pro-
biotics in vegetable juices: tomato (Solanum lycopersicum), carrot (Daucus
carota subsp. sativus) and beetroot juice (Beta vulgaris). Archives of
Microbiology. 2022;204(6):300. 
https://doi.org/10.1007/s00203-022-02820-1
13. Jurić S., Vlahoviček-Kahlina K., Jurić O., Uher S.F., Jalšenjak N.,
Vinceković, M. Increasing the lycopene content and bioactive potential of
tomato fruits by application of encapsulated biological and chemical agents.
Food Chemistry. 2022;(393):133341. 
https://doi.org/10.1016/j.foodchem.2022.133341
14. Shen Nan, Wang Tongfei, Gan Quan, Liu Sian, Wang Li, Jin Biao. Plant
flavonoids: Classification, distribution, biosynthesis, and antioxidant activity.
Food Chemistry. 38330. 132531 July 2022. https://doi.org/10.1016/j.food-
chem.2022.132531
15. Smith C.J.S., Watson C.F., Ray J., Bird C.R., Morris P.C., Schuch W.,
Grierson D. Antisense RNA inhibition of polygalacturonase gene expression in
transgenic tomatoes. Nature. 1988;(334):724–726.
16. Kondratyeva I.Yu. Private selection of tomato. Moscow. 2010. P. 266. (in
Russ.)
17. Kondratyeva I.Yu., Golubkina N.A. Tomato lycopene and β-carotene.
Vegetable crops of Russia. 2016;(4):80-83. 
https://doi.org/10.18619/2072-9146-2016-4-80-83 (in Russ.)
18. Guidelines for the selection of varieties and hybrids of tomato for open and
protected ground. Moscow. 1986. (in Russ.)

19. Maximova T.V., Nikulina I.N., Pakhomov V.P., Shkarina E.I., Chumakova
Z.V., Arzamastsev A.P. Method for determination of antioxidant activity.
Description of the invention for the patent of the Russian Federation. М. 2001.
RU2170930 С1. (in Russ.)
20. Sapozhnikova E.V., Dorofeeva L.S. Determination of ascorbic acid content
in stained plant extracts by iodometric method. Canning and dry industry.
1966;(5):29-31. (in Russ.)
21. Ermakov A.I., Arasimovich V.V., Yarosch N.P., Peruansky U.A.,
Lukovnikova G.A., Ikonnikova M.I. Methods of biochemical research. L.,
Agropromizdat. 1987. 430 р. (in Russ.)
22. Andryushchenko V.K. Methods of optimization of biochemical selection of
vegetable crops. Kishinev, "Stiinza", 1981. Р.30-34. (in Russ.)
23. Determination of sugars in vegetables, berries and fruits. Cyanide method
of determination of sugars in plants. Practicum on agrochemistry, ed. by V.V.
Kidin. Moscow, publishing house "Kolos". 2008. Р.236-240. (in Russ.)
24. Navez B., Letard M., Graselly D., Jost J. Tomatoes: criteria for quality. Infos
CTIFL. 1999;(155):41–47.
25. Golubkina N.A., Kekina E.G., Molchanova A.V., Antoshkina M.S.,
Nadezhkin S.M., Soldatenko A.V. Plants Antioxidants and methods for their
determination. 2020. 181 р. (in Russ.)
26. Misin V.M., Klimenko I.V., Zhuravleva T.S. On the suitability of gallic acid
as a standard for an antioxidant formulation. Competence. 2014;7(118):46-
51(in Russ.)
27. Rodriguez-Amaya D.B. A guide to carotenoid analysis in foods. 2001.
Washington. OMNI Research. 65 p.
28. Golubkina N.A., Molchanova A.V., Tareeva M.M., Babak O.G.,
Nekrashevich N.A., Kondratieva I.Y. Quantitative thin-layer chromatography in
the assessment of carotenoid composition of tomato Solanum lycopersicum.
Vegetable crops of Russia. 2017;(5):96-99. 
DOI:10.18619/2072-9146-2017-5-96-99 (in Russ.)
29. Dospekhov B.A. Method of field experiment. M., Agropromizdat. 1985. (in
Russ.)
30. Kondratieva I.Yu. Early-ripening cold-resistant tomato varieties for open
field. Sowing, planting, care, harvesting, storage, processing. M., VNIISSOK.
2016. 112 р. (in Russ.)
31. Apak R., Gorinstein S., Böhm V., Schaich K. M., Özyürek M., Güçlü K.
Methods of measurement and evaluation of natural antioxidant capacity / activ-
ity (IUPAC Technical Report). Pure Appl. Chem. 2013;85(5):957-998.
32. Kołton A., Długosz-Grochowska O., Wojciechowska R., Czaja M.
Biosynthesis regulation of folates and phenols in plants. Scientia Horticulturae.
2022;(291):110561. https://doi.org/10.1016/j.scienta.2021.110561
33. Croft R.D. The chemistry and biological effects of flavonoids and phenolic
acids. Annual NY Academic Science. 1998;(854):435-442.
34. Helmja K., Vaher M., Gorbatšova J., Kaljurand M. Characterization of
bioactive compounds contained in vegetables of the Solanaceae family by
capillary electrophoresis. Proc. Estonian Acad. Sci. Chem. 2007;56(4):172-
186.
35. Khandaker L., Ali Md.B., Oba S. Total polyphenol and antioxidant activity
of red amaranth (Amaranthus tricolor L.) as affected by different sunlight level.
J. Japan. Soc. Hort. Sci. 2008;7(4):395-401. 
36. Mondal K., Sharma N.S., Malhotra S.P., Dhawan K., Singh R. Antioxidant
systems in ripening tomato fruits. Biologia Plantarum. 2004;48(1):49-53.
DOI:10.1023/B:BIOP.0000024274.43874.5b
37. Zhu F., Wen W., Cheng J., Fernie A.R. The metabolic changes that effect
fruit quality during tomato fruit ripening. Molecular Horticulture. 2002;(2):2.
DOI:10.1186/s43897-022-00024-1
38. Brashlyanova B., Pevicharova G. Effects of cold storage and ripening on
antioxidant components in tomatoes. Book in Acta Horticulturae.
2009;(830):349-353. DOI:10.17660/ActaHortic.2009.830.49
39. Wrzodak A., Gajewski M. Effect of 1-MCP treatment on storage potential
of tomato fruit. Journal of Horticultural Research. 2015;23(2):121-126.
DOI10.2478/johr-2015-0023
40. Wrzodak A., Adamicki F., Gajewski M. Effect of 1-methylcyclopropene on
postharvest quality of Tomato fruit (Lycopersicon esculentum Mill.) during stor-
age. Acta Hortic. 2015;(1071):211-218 
DOI: 10.17660/ActaHortic.2015.1071.23

ISSN 2618-7132 (Online)   Овощи России №6  2022  Vegetable crops of Russia №6  2022     ISSN 2072-9146 (Print)[  77 ]


