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Abstract. The article presents the generalized results of long-term
research (2012-2020) of the assessment of the chemical composition of
strawberries of 90 varieties of various ecological and geographical origin,
growing in the genetic collections of NCFSCHVW and CEBS (branch of
VIR). The advantage of varieties of Italian selection, as well as Russian
(NCFSCHVW, CEBS) is the increased content of soluble solids and
sugars. The varieties obtained in France and Russia are characterized by a
high level of accumulation of vitamin C. The largest amount of vitamin P
is contained in strawberries of American varieties. According to the results
of a study of five groups of strawberry varieties of different ripening
periods, it was found that varieties of an early ripening period accumulate
less soluble solids and sugars, and late-ripening ones stand out with a high
content of soluble solids, sugars, vitamins C and P. Highlighted varieties
that are the sources of high soluble solids content (9-9.9%), sugars (6.8-
7.5%), acids (1.0-1.28%), pectin substances (0.7-0.79%), vitamin C ( 65.1-
74.5 mg / 100 g), vitamin P (90.0-120.1 mg / 100 g) and anthocyanins
(92.0-127.0 mg / 100 g).

1 Introduction

Strawberry (Fragaria x ananassa Duch.) is a crop widespread in many natural and climatic
zones of the globe, due to its early maturity, early maturity, high productivity, and
adaptability to cultivation. Along with these economically valuable traits, the chemical
composition of the fruits of garden strawberries is important, which determines their taste,
aroma and texture, as well as nutritional properties and therapeutic and prophylactic
qualities. Strawberries contain sugar (4.6-8.6%), organic acids (0.50-1.80%), pectin (0.48-
1.6%), fiber (3-4%), vitamin C (31.8-121.9 mg / 100 g), vitamin P (50-200 mg / 100 g),
vitamin E (0.54 mg / 100 g), anthocyanins (37.8-105.1 mg / 100 g), minerals: potassium -
126-161 mg / 100 g, calcium - 30-40 mg / 100 g, magnesium - 18 - 22 mg / 100 g, iron -
900-1200 pg /100 g) [1- 6].

The renewal of the assortment of strawberries in the North Caucasus region of Russia is
carried out through the creation and introduction of new varieties of domestic selection, as
well as introduced ones. The aim of the study is to assess the chemical composition of
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berries of various varieties of garden strawberries in the genetic collections of the culture
growing in the Krasnodar Territory to isolate the sources of valuable traits used in breeding
to improve the chemical composition.

2 Materials and methods

The studies were carried out in 2012-2020 in the laboratory for storage and processing of
fruits and berries of the NCFSCHVW and the laboratory of biochemistry of the Crimean
EBS - a branch of VIR in accordance with the "Program and methodology for the study of
varieties of fruit, berry and nut crops" and "Program of the North Caucasus Center for the
selection of fruit, berry, flower and ornamental crops and grapes for the period up to 2030
’[7, 8].

The objects of the research were berries of 90 varieties of strawberries grown in the
central and foothill zones of the Krasnodar Territory, including 10 new varieties of the
NCFSCHVW selection and 5 varieties of the Crimean EBS selection. In the course of the
research in strawberries, the following was determined: soluble solids - according to GOST
ISO 2173-2013 with a digital refractometer PAL-3 (ATAGO); common sugars - by a
photometric method based on the interaction of the carbonyl groups of sugars in an alkaline
medium with ferrocyanide potassium and measuring the optical density of the resulting
solution on a KFK-3-01 photoelectric colorimeter in accordance with GOST 8756.13-87;
titratable acids - by titration in the presence of phenolphthalein indicator according to
GOST ISO 750-2013; vitamin C - by the fluorometric method by interaction with o-
phenylenediamine with the formation of a fluorescent product according to M 04-07-2010
on "Fluorate-02"; vitamin P - by the colorimetric method with a vanillin reagent on the
KFK-3-01 photoelectric colorimeter; pectin substances - by the carbazole method modified
by E.V. Sapozhnikova, based on the interaction of carbazole with galacturonic acid. The
experimental data obtained were processed by the methods of mathematical statistics using
the analysis of variance in the Microsoft Office Excel program.

3 Results and discussion

The soluble dry matter of strawberries, the amount of which varied from 7.2 to 9.9%, is
represented mainly by sugars (5.4-7.8%). The following varieties are distinguished by an
increased content of soluble solids and sugars (from 9.0% to 9.9%): Darselect,
Vystavochnaya, Ruby pendant, Molling Pegasus, Polka, Eris, Clery, Belrubi, Alaya,
Cheburashka, Kamarosa, Elizabeth II, Gera and others (table 1).

Table 1. Strawberry varieties - sources of macro- and micronutrients.

Indicators Varieties
Soluble solids, Darselect *, Vystavochnaya, Ruby
> 9% pendant, Molling Pegasus, Shelf, Eris,

Clery, Belrubi, Alaya, Cheburashka,
Kamarosa, Elizabeth II, Gera, Vesper,
Rusanovka, Zenga-Zengana
Acids,> 1% Nelly *, Belrubi, Gera, Vesper, Janie,
Trubodur, Ruby pendant,
Vystavochnaya, Cardinal, Symphony,
Kemiya, Sunrise, Alaya, Martian,
Cheburashka, Rusanovka, Presvyata,
Alba, Alina, Teynira
Pectin substances, Clery *, Kemiya, Alba, Alaya,
>0.7% Elsanta,  Arosa, Vystavochnaya,
Bogota, Camarosa, Cardinal, Janie,
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Marmolada, Honey

Vitamin C,> 65 mg/ 100 g Kemiya *, Vystavochnaya, Desna,
Alaya, Gera, Sunrise, Elizabeth II,
Alina, Florence, Primela, Darselect,
Taira, Molling Pandora, Molling
Pegasus, Cambridge favorite, Belrubi,
Janie, Zenkora, Rusanovka, Presvyata,
Holiday

Vitamin P,> 90 mg /100 g Selva *, Yuzhanka, Vystavochnaya,
Arosa, Darselect, Evyu-2, Florence,
Honey, Camarosa, Presvyata, Roxana,
Holiday, Molling Pandora, Elizabeth
II, Cambridge favorite, Maya, Syria,
Karina, Gera, Daughter of the purple,
Elsanta, Dukat

Anthocyanins,> 90, mg / 100 g Belrubi  *, Cardinal, Yuzhanka,
Vystavochnaya, Sunrise, Vesper,
Zenkora, Trubodur, Daughter of the
purple, Martian, Zenga-Zengana,
Fireworks, Kent, Rusanovka, Teinira,
Kama, Dukat, Desna, Presvyata,
Honey, Maryshka

* - the list of varieties is presented as the quantitative content of nutrients decreases

Depending on the variety, the acid content in strawberries can differ twofold - from
0.67% (Eros variety) to 1.28% (Nelly variety). High acidity, more than 1%, is noted in the
varieties such as Nelly, Belrubi, Gera, Vesper, Jani, Trubodur, Ruby pendant,
Vystavochnaya, Cardinal, Symphony, Kemiya and others.

Strawberries are a rich source of vitamin C, the content of which varies depending on
varietal characteristics from 36.3 mg / 100g (Selva variety) to 74.6 mg / 100 g (Kemiya,
Exhibition). The content of vitamin C in the berries of the studied varieties is comparable
with the data of a number of Russian and foreign authors. So, according to [.M. Skurikhin.
[9] the average amount of vitamin C is 60.0 mg / 100 g; according to Giampieri F. - 58.8
mg / 100 g [10]. According to the research Lukyanchuk I.V. in Central Russia, the average
vitamin C content in 73 strawberry varieties is 68.5 mg/ 100 g [11]. The following varieties
are of particular value in terms of vitamin C content: Kemiya, Vystavochnaya, Desna,
Alaya, Gera, Voskhod, Elizabeth II, Alina, Florence, Primela, Darselect, Taira and others,
accumulating more than 65 mg/ 100 g.

Typical differences in strawberry varieties are manifested in the quantitative content of
vitamin P, while the variation ranges from 58.3 mg / 100g (Jani variety) to 122.1 mg/ 100 g
(Selva variety), which is lower compared to the indicators for Central Russia (40- 352 mg /
100 g) [11]. It is worth highlighting the varieties such as Selva, Yuzhanka, Vystavochnaya,
Arosa, Darselect, Evyu-2, Florence, Honey, Camarosa, Blessed, Roxana, Holiday, Molling
Pandora, Elizabeth II, Cambridge favorite, Maya, Syria, Karina, Gera, Purple's daughter,
Elsanta , Ducat with a vitamin P content of more than 90 mg per 100 g of strawberries.

Variations in the content of anthocyanins, which determine the color of berries, were set
from 60.0 (variety Jani) to 127.0 mg / 100 g (variety Belrubi). It has been noted that berries
grown in Central Russia (10.5-171.6 mg / 100 g) [11] and in the southern Urals (25.0-95.3
mg / 100 g) [12] are less colored. Intensely colored strawberries contain more than 90 mg /
100 g of anthocyanins: Belrubi, Cardinal, Yuzhanka, Exhibition, Voskhod, Vesper,
Zenkora, Trubodur, Daughter of the purple, Martian, Zenga-Zengana, Fireworks, Kent,
Rusanovka, Teinira, Kama, Dukat, Desna and others.

An important advantage of strawberries is the presence of pectin substances in berries in
an amount from 0.52 to 0.79%, represented by protopectin and soluble pectin, which is
comparable with the data for the Republic of Belarus (0.48-0.84%) [13]. According to
M.Yu. Akimov. berries grown in Central Russia contain more pectin substances (average
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0.98%) [3]. The varieties with a high pectin content have been identified: Clery (0.79%),
Kemiya (0.77%), Alba (0.75%), Alaya (0.74%), Elsanta (0.73%), Arosa (0 , 72%),
Camarosa (0.72%), Vystavochnaya (0.72%), Bogota (0.71%), Cardinal (0.71%).

It is well known that varieties of different ecological and geographical origin do not
equally realize their potential when grown in different soil and climatic conditions [14-16].
Thus, when grown under the conditions of the Krasnodar Territory, the greatest
accumulation of soluble solids and sugars in berries was noted in the varieties of Italian
selection, as well as the selection of NCFSCHVW and Crimean EBS - 8.6% with a low
coefficient of variation (V = 6.4 and 7.4% ) (table 2).

Table 2. The chemical composition of strawberries of various ecological and geographical origin,
grown in the south of Russia.

Ecological Nu :
Ne and mbe Sb(ilu Total Tlgata Vitamin Anth .
u eographical f ¢ ¢ Vitamin C, mg/ 100 P,mg/ ocyanin
/| seograp ro solid| S"&¥" acidity ! -8 & » 08 s,mg/100g
o origin of the vari o % o 100g >
variety etics | &7 » %
South of
Russia
average (M + 8,6 6.6+ 1,05
m) +0, 0’1 1 +0,0 62,8422 84,9+£3,9 | 88,0+4,17
16 > 3
1 - — 16
fim (b 2] 54 | oss- 45,5-74,6 3831 60,0-112,0
97 7,7 1,28 ’ > 112,3 > >
coefficient of 74| 78 | 134 13,6 17,9 183
variation (V)
Central
Russia
average
8,5 0,95
(Mzm) +0, | &% | 200 55,045,32 84.3£5.7 | 85,12+4,91
33 0,22 7 8
lim (variability) 79
2 4 K 6,0- | 0,86- 70,0-
9—5 72 115 39,5-63,2 96.7 78,0-91,2
coefficient of
variation (V)
7,7 7.8 14,9 19,4 13,7 9.8
England
average (M + 85 | 6,4+ 1,05 59,8+3,57 95,2+4,8 | 80,1+6,92
m) +0, 0,1 +0,1 5
22 7
3 lim (variability) g 79 | 59- | 0,83- 44,8-70,1 73,6- 62,9-100,8
- 72 | 1,19 110,5
9,5
coefficient of 6,9 7,1 25,5 15,8 13,5 21,1
variation (V)
Germany
average (M + 83 | 6,3+ 1,03 55,2+5,80 68,3+£7,2 84,1+5,9
m) +0, | 0,30 | 0,1 0
50 0
4 lim (variability) 2 80 | 6,1- | 1,01- 49,4-61,0 61,6- 80,2-90,0
- 6,7 1,05 75,5
8.8
coefficient of
variation (V) 6,7 | 66 1,7 14,9 14,9 7,1
5 Netherlands 16
average (M £ 82 | 6,3+ | 093 61,0£2,35 78,4+4,8 | 80,7+3,74
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m) 0, | 011 | 20,0 0
14 3
lim (varizbily) 751 s3- | 070- 55,7-
os | 72 | T 46,2-83,2 75 | 60.0-1080
coefficient of 64 | 71 | 124 14,1 2.2 17,9
variation (V)
Italy
average (M = 86 | 6.6 | 0,89 30,022.18 824,13 | 6722235
m) +0, | 011 | +0,0
17 130 8
6 [ Tim(vaiabily) 79 | 50- [ 0,67 50,6672 418~ | 60,4815
T 69 | 107 100.2
93
coefficient of 64 | 68 | 11,1 9,2 19,7 8,5
variation (V)
Ukraine
average (M = 8,5 1,01
m) <0, | 055 | <00 60,1-2,58 LIS gg5e01
38 | O 8
e B R AR 58,9637 760- | 857908
o | 68 | 108 9-63, 88,8 190,
coefficient of 79 | 79 | 135 6,5 116 37
variation (V)
Poland
average (M £ 81 | 6,0= | 087 611121 753212, | 81,7472
m) 0, | 0,40 | +0,0 4
49 8
8 [ Tmeably)| 3 | 74 | 54- | 08I 47,6-78,6 604- | 71,4898
Tl 63 |10 90,8
8,5
coefficient of 10,
ociation (9) &l 17 | 103 36,7 26,7 122
USA
average (M £ 85 | 6.6 | 091 59,1235 100,654, | 81,6:8,18
m) +0, | 013 | 20,1 07
15 0
o | ImCambii) | o | 74 | 5.7- | 0.74- 36,3-73,9 T4~ | 57,7-115.9
073 | 12 1436
10,
2
coefficient of 75 | 83 | 260 17,4 17,7 253
variation (V)
France
average (M £ 84 | 62¢ | 101 66.520.14 04,716,7 | 839%5,14
m) +0, | 020 | 0,1
30 0
| [ imCambiy) | , |82 | 38 | 09 66,3-66,6 88.0- | 69,0988
0 T s | 127 1014
9.9
coefficient of
variation (V) 5,2 6,9 53 0,3 10,0 25,1

Strawberry varieties of Ukrainian, English and American selection slightly differ in
these indicators. On average, more than 1% of acids are contained in berries of a group of
varieties of Russian, Ukrainian, German, French and English selection. The varieties of
French selection (66.5 mg / 100 g), as well as the selection of NCFSCHVW and Crimean
EBS (62.8 mg / 100 g) are distinguished by the level of accumulation of vitamin C. The
greatest amount of vitamin P is characteristic of American varieties (100.6 mg / 100 g),
slightly lower than the English and French selection (95.2 and 94.7 mg / 100 g,
respectively). It should be noted that in almost all groups, the coefficient of variation is 10-
20%, except for the varieties of Polish (26.7%) and Dutch selection (22.2%). Varieties of
Ukrainian selection (88.5 mg / 100 g of anthocyanins), selection of NCFSCHVW and
Crimean EBS (88.0 mg / 100 g) are marked with bright colors of berries. The lowest
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variability in color of berries is in the varieties of Ukrainian, German and Italian selection.
It should be noted that according to the complex of indicators (soluble solids, sugars,
acidity, vitamin C, anthocyanins), varieties of NCFSCHVW and Crimean EBS selection
were distinguished.

Five groups of strawberry varieties were investigated according to the ripening period:
early ripening (8 varieties), medium early (27 varieties), middle (36 varieties), medium late
(9 varieties) and late (10 varieties). Comparison of strawberries of different ripening
periods does not show clear differences between them in the chemical composition of
berries (table 3). It has been established that varieties with an early ripening period
accumulate slightly less soluble dry substances and sugars, while late-ripening varieties are
distinguished by a higher content of soluble dry substances and sugars. The same pattern
can be traced in the accumulation of vitamin C and P. There were no clear differences in
the acid content depending on the ripening time of the berries.

Table 3. The chemical composition of strawberries depending on the ripening time (average).

Ripening Nuglfber Soluble s&é?rl Titratable \él me/ Vitamin P, Anthocyanins,
3 M 0, k] 1A 0, ¢

period varictics solids, % % acidity, % 100g mg/100 g mg/100g
Early 8 8,3£0,27 6°3§0’1 1°0§0’1 57’41i3 1] 788+4.19 83,0+5,20
Medium 6,5402 | 0,84:0, | 588437
carly 27 R . 57| 8424525 74,7+5,87
Middle 36 8.4+0.35 6’430’2 1’016;()’ 57’5;4’2 84,1:£5,90 83,244,95
Medium 6,840, | 09120, | 56,8+3,9
late 9 8,8+032 | &8 D120, SE39 | 8574430 90,2+4,21

7 09 0

Late 10 8.8+0.29 6’8T0’2 0’9130i°’ 65’6;:5’1 87,343.91 82.343.99

The large variability of the chemical composition of berries over the years is associated
with the extremely unstable nature of weather conditions during the growing season, which
affects the accumulation of soluble solids, sugars, acids and vitamins. On the example of 13
varieties of strawberries, the results of studying the chemical composition and the degree of
variability of a number of indicators are shown (table 4).

Table 4. Variability of the chemical composition of strawberries depending on varietal
characteristics, 2012-2020.

Years Lo
conr | of indicators | Soluble | Total Titratable \(’:‘mmm/l Vitamin P, ﬁshmyj
P Resear solids, %| sugar, % acidity, % 1’ s mg/100 g » 18
ch 00g 100g
average (M 8,0+0,4 48,9+1, 86,4+7,7 | 76,4+4,5
) 5 6,0£0,36 | 0,85+0,05 25 5 5
Asi ; Tim (variability) | 7,0- 5477 0,70-1,0 449- 68,4- 62,1-88,2
sia 10,2 56,3 111,8
c. of 15,1 14,7 13,6 3.8 22,0 145
variation (V)
average (M| 8,2%0,5 57,4%3, | 64,9468 | 653%4,5
o) e 624042 | 1,02+0,07 De p S
Alba | 9 lim (varizbility) 610 | asss | os2140 | 3 105 | 503842
c. of
variation (v) | 21 21,5 21,5 20,7 25,2 22,2
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average M| 8,620, 62,822, | 100257, | 78,049
e 5 65043 | 0,89:0,09 - 5 5
Aros fim (variabily) | 7,0- 55.4- 72,0-
) 7 e 5680 | 060116 | T o | 605900
c. of
varision (vy | 168 16,0 214 11,1 17.8 15,2
average (M 8,4+0,4 6.440.29 0,840,04 46,2+3, 91,5+6,4 73,7+4,3
Bogo 1imi( Ianﬁ)abi]ity) 7% 3290 4830 5974
V bl - P ST P
ta ? 120 | 3697 | 070-1.20 | S5¢ 116.0 1155
c. of
varision (v) | 176 16,8 18,6 29,8 26,3 22
average (M 9,9+0,5 66,642, 101,447, 69,0+4,3
A 5 754035 | 0,92+0,06 0 o ;
Dars Tim (variabiliy) | 8,6- 61.2- 731- 56.1-
elect 8 12,5 6592 | 0.60-L19 | oyg 132,4 100,0
c. of
varision (v) | 151 14,0 19,1 9.7 22,0 19,0
average (M| 90504 | 662026 | 0,7820,04 | 58,522, | 69.8£3,7 | 74,1x43
L m) 3 82 3 7
Cler 8 lim (varizbility) | 7.0- 53-84 | 061098 | 475 | 480-82,0 | 562-93.0
y 11,7 757
c.of
varision vy | 161 13,1 15,0 15,6 17,7 17,4
average M | S.TE02 | ¢ 017 | oose0,07 | 0122 | 958556 | 88,0544
MPa +m) 3 45 9 7
- Tim (variabily) 53.7- 66,9- 66,5-
n(lor 9 6992 | 5270 | 080140 | 7 D5e0 s
c.of
varistion (V) | 89 9,0 212 11,9 18,8 15,9
average (M 8,4+0,4 644031 1,20£0,05 47,914, 84,2+5,8 79,7+4,5
+ m) 2 1 7 5
: lim (variability) |~ 7,4- 30,8- 492- 60,0-
Nelli 9 lis 5,68,7 1,0-1,50 Vi i P20
c. of
variation (v) | 156 15,5 12,2 27,0 21,9 18,1
average (M 8,3+0,5 60,3+3, 67,449 64,0+£1,7
e : 6,3+0,46 | 0,90:0,06 o f A
Onda | 9 lim(anabiit) | 6.5- | 45880 | 0.72-1.0 S44- | 418.988 | 562-72,2
11,6 82.0
c. of
carision vy | 181 19,4 10,1 15,2 272 8,8
average (M 7,9+0,4 6,0£0.42 0,8920,05 52,542, 99,5+9,2 70,6+£6,0
+ m) 3 8 9 2
Roxa lim (variability) 41,4- 62,5-
Rox: 7 6,798 | 5074 0,66-1,0 (s Geo | 527930
c. of
varision (vy | 133 12,9 136,9 15,5 22,6 20,9
average (M| 83£0,4 67,223, | 10405, | 85,0234
AN i 63+033 | 0,92+0,04 o 5 .
fim (variabilty) | 6,8- 51,0 75.,9-
Flore o 5183 | 076-116 | 357 Den | 717989
nce 9 c.of
variation (V)
16,8 16,7 15,2 15.8 15.8 12,6
average (M 8,4+0,4 59,242, 98,1+4,8 | 93,4+7,4
e 3 624034 | 0,99:0,06 " = Y
Hone Tim (varbiliy) | 6,3- .- 66.6- 61,6-
y 9 19 | H700 | 077148 | g7y 136.2 107.0
c. of
varisiion (v) | 192 20,5 213 18,0 18,6 293
average M | 84202 | (00 | ouaen0z | L0 | 91351 | 784540
+ m) 8 14 1 1
Elsa fim (variabilty) | 6,0- 38,7- 66,4- 53.8-
nta K 10,0 45-7.6 | 0,67-092 86.2 126.4 106.8
c. of
varision (v) | 126 13,6 9.8 19,2 20,9 183
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For example, in 2017, in the 2-3 decades of May - early June, rains (precipitation 157.3
mm, which is 2 times higher than the average long-term data), combined with the cool
weather (the average temperature is 1.2 ° C lower than the average long-term data)
negatively affected the accumulation of soluble solids and sugars in strawberries, which
decreased by 9-13%; acidity - increased by an average of 10%. It was noted that a high
coefficient of variation for these traits (15-20%) in the varieties such as Darselect, Asia,
Onda, Arosa, Florence, Bogota, Khoney, at the same time, insignificant variability is
characteristic of the varieties Alba, Marmolada, Molling Pandora (V = 6-9 %).

Also, in the conditions of the Krasnodar Territory, the lack of rainfall against the
background of extremely high temperatures in late May - early June negatively affected the
accumulation of vitamins in berries. So in 2013, at the end of flowering - the beginning of
ripening of strawberries (2-3 ten days of May), abnormally hot dry weather with a
maximum average daily temperature of up to 32.1 °C (average monthly temperature is 4.6
°C higher than the average long-term data) and no rain (by 80 % below the average long-
term data) did not allow the formation of high-quality of strawberries in terms of chemical
composition. For example, the content of vitamin C was lower than the average in the
varieties Alba (38.8 mg/ 100 g), Roxana (47.5 mg / 100 g), Honey (52.8 mg / 100 g), Onda
(47.5 mg / 100 g), Elsanta (44.9 mg / 100 g). There was a high coefficient of variation for
vitamin C (V = 27-29.8%) in varieties Nelli, Bogota. An insignificant degree of data
variation (V not more than 9.7%) was noted in the varieties Asia, Darselekt.

In 2018 and 2020, a higher content of vitamin C was found in strawberries (Alba variety
- 58.9-68.7 mg / 100 g, Florence - 69.5-73.7 mg / 100 g, Onda - 69.1-72 , 1 mg / 100 g),
since the ripening process took place in more favorable weather conditions (average daily
temperature 18.8-21.1 °C and precipitation within the range of long-term average data).

Thus, as a result of the studies carried out on the biochemical assessment of the berries
of 90 varieties of garden strawberries, varieties with an increased content of soluble solids,
sugars, acids, pectin substances, vitamins C and P, anthocyanins were identified, which
makes it possible to identify the most valuable varieties from a nutritional point of view,
and also purposefully use them in breeding work when obtaining new varieties.
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