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Prace badawcze nad poszerzaniem zmiennosci genetycznej u truskawki na $wiecie ukierunkowane sg gtownie
na poprawe¢ zewnetrznej i wewnetrznej jakosci owocow. Celem podjetych w Instytucie Ogrodnictwa badan byto
okreslenie mozliwosci zwickszenia zawartos$ci substancji bioaktywnych (przede wszystkim polifenoli, antocyjanow
oraz kwasow organicznych) w owocach truskawki metoda hodowli konwencjonalnej. Na podstawie dwuletniej
oceny fenotypowej sposrod 6097 siewek, otrzymanych w wyniku krzyzowan wewnatrz- i migdzygatunkowych
w obrebie rodzaju Fragaria, wyselekcjonowano 90 wartosciowych genotypow. W roku 2019 genotypy te oceniono
pod wzgledem plonu, masy, atrakcyjnosci i jedrno$ci owocow, a takze zawartosci w owocach ekstraktu, zwigzkow
fenolowych, antocyjanéw i kwasu askorbinowego.

Stwierdzono, ze najwicksze, najbardziej atrakcyjne i jedrne owoce wytworzyty klony T-201536-16 i T-201536-08
(‘Clery’ x ‘Grandarosa’), T-201514-04 i T-201514-05 (‘Candiss’ x ‘Panvik’) oraz T-201560-07 (‘Onda’ x ‘Panvik’).
Najwicksza zawartoscig ekstraktu odznaczaly si¢ owoce genotypow T-201536-16 i T-201536-09 (‘Clery’
x ‘Grandarosa’). Najwiecej zwigzkéw fenolowych zawieraty owoce klonow T-201501-02 (‘Alba’ x ‘Grandarosa’),
T-201512-04 (‘Camarosa’ x ‘Panvik’) oraz T-201567-01 (‘Patty’ x ‘Panvik’), zas antocyjanow - owoce klonow T-201514-
08 (‘Candiss’ x ‘Panvik’), T-201508-01 (‘Alice’ x ‘Matis’), T-201517-05 (‘Chandler’ x ‘Matis’) oraz T-201580-01
(Fragaria chiloensis Del Norte x ‘Elsanta’). Najbardziej bogate w kwas askorbinowy byty owoce klonow T-201526-
05 (‘Cigaline’ x ‘Grandarosa’), T-201501-03 (‘Alba’ x ‘Grandarosa’), T-201536-15 (‘Clery’ x ‘Grandarosa’) oraz
T-201567-01 (‘Patty’ x ‘Panvik’). Najwyzsza taczna zawarto$cig wszystkich analizowanych zwiazkéw bioaktywnych
w owocach odznaczaty si¢ klony T-201514-08 (‘Candiss’ x ‘Panvik’), T-201517-05 (‘Chandler’ x ‘Matis’) oraz
T-201567-04 (‘Patty’ x ‘Panvik’).

Stowa kluczowe: antocyjany, jako$¢ owocow, kwas L-askorbinowy, polifenole, truskawka

Research on widening genetic variation in strawberry around the world is focused mainly on improving external
and internal fruit quality. The aim of the research undertaken at the Research Institute of Horticulture was to determine
the possibility of increasing the content of bioactive compounds (polyphenols, anthocyanins and organic acids)
in strawberry by conventional breeding. Based on a two-year phenotypic evaluation, 90 valuable genotypes were
selected from 6097 hybrids obtained as a result of intra- and interspecific hybridization within the Fragaria genus.
In 2019, these genotypes were assessed in terms of fruit yield, weight, attractiveness and firmness, as well
as the content of the extract, phenolic compounds, anthocyanins and ascorbic acid in the fruit.

We found that the largest, most attractive and firmest fruits were produced by clones T-201536-16 and T-201536-08
(‘Clery’ x ‘Grandarosa’), T-201514-04 and T-201514-05 (‘Candiss’ x ‘Panvik’) and T-201560-07 (‘Onda’ x ‘Panvik’).
The highest extract content was noted in the fruits of genotypes T-201536-16 and T-201536-09 (‘Clery’ x ‘Grandarosa’).
The greatest number of phenolic compounds were encountered in the fruits of clones T-201501-02
(‘Alba’ x ‘Grandarosa’), T-201512-04 (‘Camarosa’ X ‘Panvik’) and T-201567-01 (‘Patty’ x ‘Panvik’), while the highest
anthocyanin levels were evident in the fruit of clones T-201514-08 (‘Candiss’ x ‘Panvik’), T-201508-01
(‘Alice’ x ‘Matis’), T-201517-05 (‘Chandler’ x ‘Matis’) and T-201580-01 (Fragaria chiloensis Del Norte x ‘Elsanta’).
Moreover, the richest levels of ascorbic acid were in the fruits of clones T-201526-05 (‘Cigaline’ x ‘Grandarosa’),
T-201501-03 (‘Alba’ x ‘Grandarosa’), T-201536-15 (‘Clery’ x ‘Grandarosa’) and T-201567-01 (‘Patty’ x ‘Panvik’).
Finally, the highest total content of all analyzed bioactive compounds in fruits was noted for clones T-201514-08
(‘Candiss’ x ‘Panvik’), T-201517-05 (‘Chandler’ x ‘Matis’) and T-201567-04 (‘Patty’ x ‘Panvik’).
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Introduction In recent years it produced about 180-200,000

Poland is one of the leading producers tonnes of strawberries (data for 2013-2018).
and exporters of strawberries in the world. According to FAOSTAT (data for 2017),
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this volume ranks Poland second in Europe
and seventh in the world. In order to maintain
such a high position in the market, research work
on improving the quality of strawberries should
take into account European trends, the most
important of which is now focused on improv-
ing the quality of life and health of European citi-
zens. In fruit production, strong emphasis is put
on improving the nutritional and health-promot-
ing properties of fruit by increasing the content
of bioactive compounds (Capocasa et al., 2008
a, b). These compounds, known for their anti-
oxidant and anti-carcinogenic properties, play
an essential role in the human diet, especial-
ly in the prevention of cancer, atherosclerosis
and diabetes, as well as arterial hypertension
(Battino et al., 2009; 2017; Mironczuk-Choda-
kowska et al., 2011; Giampieri et al., 2012;
Bialasiewicz et al., 2014; Zasowska et al., 2016).
A particular role in the prevention of these
diseases is attributed to polyphenols, flavo-
noids and anthocyanins, ascorbic acid, as well
as ellagic acid oligomers — ellagotanins (da
Silva-Pinto et al., 2008; Kazimierczak et al.,
2009; Marques et al., 2010; Prymont-Przymins-
ka et al., 2016).

Strawberries, like other berries, are known
as a very important source of bioactive
compounds. However, the content of these
compounds largely depends on the genotype/
cultivar (Wang and Lewers, 2007). High levels
of bioactive compounds are found in fruit from
‘Clery’, ‘Diana’, ‘Selvik’ (Michalska et al.,
2017), ‘Manille’, ‘Matis’, ‘Asia’, ‘Camaro-
sa’, ‘Alice’, ‘Roxana’, ‘Madeleine’, ‘Cifrance’,
‘Patty’ and ‘Dora’ cultivars (Capocasa et al.,
2008 b), but also ‘Alba’, ‘Sveva’, ‘Marina’,
‘Darselect’, ‘Elsanta’, ‘Honeoye’ and ‘Panvik’
(EUBerry germplasm database, 2014). Much
higher levels of bioactive compounds, compared
to the listed cultivars of Fragaria % ananassa,
are found in wild forms of strawberry, F. chilo-
ensis and F. virginiana (Wang and Lewers,
2007; Diamanti et al., 2012). Some studies
revealed that the use of the gene pool of these
species may result in an increase in the content
of nutrients and phytochemicals in strawberry
fruit (Capocasa et al., 2008 a).

The aim of the study was to determine
the possibility of increasing the content
of bioactive compounds (polyphenols, antho-
cyanins and organic acids) in strawberry
fruit by conventional breeding and based
on a phenotypic evaluation of plants obtained
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as a result of intra- and interspecific hybridiza-
tion of selected parental forms of the Fragaria
genus.

Material and Methods

The study was carried out at the Research
Institute of Horticulture (INHORT)) in Skier-
niewice in 2019. We analysed fruits from
90 hybrids (clones) of strawberry, selected
and propagated in 2017 after a two-year eval-
uation of 6097 seedlings from F, generation
obtained as a result of intra- and interspecif-
ic hybridization of Fragaria parental forms
characterised by a high content of bioactive
compounds, mainly ascorbic acid, anthocya-
nins and polyphenols.

A comparative experiment was estab-
lished in the autumn of 2017 in the Pomo-
logical Orchard of INHORT in Skierniewice
on lessive soil, quality class IV, moderately rich
in nutrients. A detailed list of genotypes with
their pedigrees is presented in Table 1. Each
of the selected genotypes was represented by 15
plants, planted in one replicate spaced 1.1 X
0.3 m, in an order consistent with the numbering
of the selected plants. All cultivation and main-
tenance works were carried out in accordance
with the recommendations for commercial plan-
tations. Ripe fruits of each clone were harvested
successively (a total of 5 fruit harvests), and then
sorted into healthy fruits and those infested
with grey mould. On each of the harvest dates,
the total yield and average fruit weight were
assessed, and the attractiveness and firmness
of fruit were evaluated using a 1 to 5 ranking
scale, where 1 is the lowest value, and 5 the high-
est value of the analysed trait. The evaluation
of fruit attractiveness was focused in particular
on the shape of the fruit and its uniformity (no
deformities), the colour of the skin and its gloss.
After the assessment of yield and external quali-
ty, all fruit harvested on each date were washed,
calyx removed, packed in separate zipper bags
and placed in a freezer at -25°C for further anal-
ysis. After the end of harvest, mixed samples
of fruit from each genotype were prepared
and submitted to the Laboratory of Processing
and Quality Evaluation of Fruit and Vegetables at
the Department of Fruit and Vegetables Storage
and Processing in order to perform basic analysis
of the chemical composition of the fruit. Imme-
diately before analysis the fruit was disintegrat-
ed in a Blixer 3 blender. Solid CO, or liquid
N, was used, depending on the sample size.
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The mean sample prepared in this way divid-
ed into two technical replicates and analysed
for chemical composition. Samples were
analysed for the content of the following
components: extract (total extract): total content
of non-volatile compounds up to 100°C, solu-
ble in water, determined with a refractometer
(RE 50, Mettler Toledo, Switzerland) accord-
ing to the PN-90 A-75101/02 standard; content
of anthocyanins pigments (ANT) — by means
of differential pH methods and a UV/Vis CARY
300E spectrophotometer (Varian) and a proce-
dure proposed by Giusti and Wrolstad
(2001). Absorbance was measured at 520 nm.
The anthocyanin content was calculated based
on the molar absorbance of glucoside-3-pelar-
gonidine (22400) and the molar mass - 433.2 g/
mol, and the results were expressed in mg/100 g
of fresh fruit; total phenolic content (TPC)
was measured using a modified spectropho-
tometric method (Tsao and Yang, 2003) using
the Folin-Ciocalteau reagent. The total phenol-
ic content measured at the wavelength of 765
nm was expressed in mg of gallic acid/100 g
of fresh fruit. The content of L-ascorbic acid
was measured by high-performance liquid
chromatography (Agilent 1200, DAD detector)
after extraction in 6% metaphosphoric acid.
Separation was carried out on a Supelco LC-18
column with a pre-column. Elution parameters:
0.8 ml/min, temperature 30°C, wavelength 244
nm and 210 nm, mobile phase — 1% phosphate
buffer (K2HPO4) at pH=2.5 in isocratic flow.
Results were expressed inmg/100 g of fresh fruit.

Results and Discussion

The yield of the analysed genotypes differed
significantly and was in the range from 104
to 2802 g/plot (Tab. 1). These differences were
mainly associated with damage to flower buds
and flowers by spring frosts in early flower-
ing genotypes. In spring 2019 the temperature
measured 2 m above ground level dropped
to -1.2°C (10-11 April), to -3.6°C (15-16 April)
and -1.7°C on 8 May. The best yield (more than
2 kg of fruit/plot) was obtained from the follow-
ing genotypes: T-201506-01 and T-201506-
02  (‘Alice’ x ‘Pink  Rosa’), T-201510-02
and T-201510-04 (‘Asia’ x ‘Matis’), T-201511-01
(‘Asia’ x ‘Panvik’), T-201526-01, T-201526-02
and T-201526-05 (‘Cigaline’ X ‘Grandarosa’)
and T-201536-06 (‘Clery’ x ‘Grandarosa’). Two
of the paternal cultivars, ‘Grandarosa’ and ‘Pink
Rosa’, were also characterised by high yield

in previous studies carried out at the Research
Institute of Horticulture in Skierniewice (Masny
and Zurawicz, 2015; Masny et al., 2015). Earli-
er studies demonstrated that these cultivars
are highly suitable for commercial cultiva-
tion, but they are also good donors of the high
yield trait which is inherited by progeny.

Phenotypic evaluation of fruit quality traits
in the analysed clones (fruit size, attractive-
ness and firmness) allowed for the identifica-
tion of the most valuable genotypes. Clones
with the largest fruit included: T-201536-07
(‘Clery’ x ‘Grandarosa’; mean weight of one
fruit 21.0 g), T-201525-01 (‘Cifrance’ x ‘Panvik’;
18.0 g) and T-201536-16 (‘Clery’ x ‘Grandaro-
sa’; 16.2 g). The most attractive fruit
(score higher than 4.5 in 1 to 5 grading
system) were obtained from T-201511-01
(‘Asia’ x ‘Panvik’), T-201536-04 and T-201536-
16 (‘Clery’ x ‘Grandarosa’), and the firmest
fruit (score 5 in 1 to 5 grading system) were
produced by the following clones: T-201501-03
(‘Alba’ x ‘Grandarosa’), T-201512-06 (‘Cama-
rosa’ X ‘Panvik’),  T-201536-10  (‘Clery’ x
x ‘Grandarosa’), T-201555-02 (‘Marmolada’ x
x ‘Grandarosa’) and T-201560-02 (‘Onda’ x
x ‘Panvik’). Considering the whole set of listed
quality traits of fruit, the most valuable clones
were selected: T-201501-03 (‘Alba’ x ‘Grandaro-
sa’), T-201511-01 (‘Asia’ x ‘Panvik’), T-201512-
05 and T-201512-06 (‘Camarosa’ x ‘Panvik’),

T-201514-04 (‘Candiss’ x ‘Panvik’),
T-201526-06 (‘Cigaline’ x ‘Grandarosa’),
T-201536-01,  T-201536-02,  T-201536-05,

T-201536-06, T-201536-07 and T-201536-09
(‘Clery’ x ‘Grandarosa’) and T-201560-07
(‘Onda’ x ‘Panvik’).

The listed genotypes produced very attrac-
tive fruits: large or very large, conical or cordi-
form, with orange-red or bright red skin,
very glossy and very firm. Fruits with such
traits are particularly preferred by consumers,
which is why focus on the high visual quality
of the fruit is one of the main trends in breed-
ing work carried out worldwide (Roudeillac
and Trajkovski, 2004), including at the Research
Institute of Horticulture.

The content of refractometric extract (solu-
ble solids) in the fruit of 90 tested genotypes
ranged from 5.3% to 12.7% (Tab. 2). The high-
est content of extract (more than 11%) was
found in fruit produced by the following clones:
T-201508-03  (‘Alice’ x ‘Matis’), T-201517-
05 (‘Chandler’ x ‘Matis’), T-201536-09
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Tabela 1
Table 1
Plon i wizualna jako$¢ owocow 90 genotypow truskawki (Skierniewice, 2019)

Fruit yield and external fruit quality of 90 strawberry genotypes (Skierniewice, 2019)
e
Genotype Parentage Fruit yield fruit Fruit qwocow‘ 1

® (2) attractiveness' Fruit firmness
T-201501-01 Alba x Grandarosa 1414 10,63 4.4 43
T-201501-02 Alba x Grandarosa 819 9,53 3,7 4,8
T-201501-03 Alba x Grandarosa 1494 8,81 4,2 5,0
T-201506-01 Alice x Pink Rosa 2094 11,44 3,6 43
T-201506-02 Alice x Pink Rosa 2334 10,14 3,5 4,5
T-201508-01 Alice x Matis 827 6,70 3,0 3.8
T-201508-02 Alice x Matis 832 7,46 2,8 4,8
T-201508-03 Alice x Matis 530 8,25 2,8 4,7
T-201508-04 Alice x Matis 1608 10,51 4,0 4,1
T-201510-01 Asia x Matis 771 7,02 39 4,9
T-201510-02 Asia x Matis 2737 11,49 39 4,9
T-201510-03 Asia x Matis 1860 8,01 43 4.4
T-201510-04 Asia x Matis 2744 8,18 4,1 4,8
T-201511-01 Asia x Panvik 2802 10,96 4,6 4,8
T-201512-01 Camarosa x Panvik 617 7,90 3,6 43
T-201512-02 Camarosa x Panvik 1934 9,06 4,1 4,6
T-201512-03 Camarosa x Panvik 1934 10,61 3,5 4.8
T-201512-04 Camarosa x Panvik 1057 8,20 3,7 4.8
T-201512-05 Camarosa x Panvik 333 8,74 4,5 4.8
T-201512-06 Camarosa x Panvik 1016 8,23 4,0 5,0
T-201513-01 Candiss x Matis 626 8,89 4,0 4,1
T-201513-02 Candiss x Matis 680 6,09 4,0 4,7
T-201513-03 Candiss x Matis 373 6,80 39 4,5
T-201513-04 Candiss x Matis 1060 7,59 3,9 4.8
T-201513-05 Candiss x Matis 1067 9,92 3,7 43
T-201513-06 Candiss x Matis 1145 9,89 4,0 4,4
T-201514-01 Candiss x Panvik 2000 10,74 42 4,6
T-201514-02 Candiss x Panvik 1987 9,27 3,3 43
T-201514-03 Candiss x Panvik 1569 7,00 4,1 4.4
T-201514-04 Candiss x Panvik 1784 11,62 43 4,7
T-201514-05 Candiss x Panvik 628 11,80 4,5 4,6
T-201514-06 Candiss x Panvik 692 9,73 43 4,8
T-201514-07 Candiss x Panvik 472 8,73 4,0 4.8
T-201514-08 Candiss x Panvik 536 7,70 3,6 4,1
T-201514-09 Candiss x Panvik 561 10,95 3,8 4,5
T-201517-01 Chandler x Matis 734 10,65 3,9 4,5
T-201517-02 Chandler x Matis 672 8,71 4,1 4,6
T-201517-03 Chandler x Matis 1251 10,32 4,4 4,6
T-201517-05 Chandler x Matis 1282 5,39 3,3 4.8
T-201524-01 Cifrance x Matis 1333 8,05 4,1 4,7

Objasnienie: 'Ocena wedlug skali bonitacyjnej 1-5, gdzie 1 oznacza najnizszq wartosé, zas 5 — najwyzszq wartos¢ badanej cechy.
Explanation: 'Assessment according to the rating scale 1-5, where 1 is the lowest value and 5 - the highest value of the examined trait
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Tabela 1 cd.

Table 1 cd.
Plon i wizualna jako$¢ owocéw 90 genotypéw truskawki (Skierniewice, 2019)
Fruit yield and external fruit quality of 90 strawberry genotypes (Skierniewice, 2019)
Genotyp Rodowad Plon N WQC()W M\?]Se?glh? \:fo 1Cu At;:\fggl\?v?éé Je;drn?s'é
Genotype Parentage Fruit yield fruit Fruit qwocow‘ 1
® (2) attractiveness' Fruit firmness
T-201524-02 Cifrance x Matis 916 9,59 4,0 4,6
T-201525-01 Cifrance x Panvik 821 17,97 33 4,5
T-201526-01 Cigaline x Grandarosa 2294 8,10 4,1 4,9
T-201526-02 Cigaline x Grandarosa 2618 10,97 3,7 4,7
T-201526-03 Cigaline x Grandarosa 1010 7,59 3,6 4,6
T-201526-04 Cigaline x Grandarosa 1374 8,07 3,9 4,6
T-201526-05 Cigaline X Grandarosa 2143 7,70 4,0 4,5
T-201526-06 Cigaline x Grandarosa 840 9,96 4.5 4,7
T-201529-01 Cigaline x Matis 476 10,08 4,0 4,0
T-201536-01 Clery x Grandarosa 1103 9,08 4,2 4.8
T-201536-02 Clery x Grandarosa 1033 9,03 4,5 4,9
T-201536-03 Clery x Grandarosa 1208 7,13 4,3 4.8
T-201536-04 Clery x Grandarosa 671 10,81 4,6 4,6
T-201536-05 Clery x Grandarosa 997 9,44 43 4,7
T-201536-06 Clery x Grandarosa 2791 10,44 4.4 4,7
T-201536-07 Clery x Grandarosa 218 20,96 4.5 49
T-201536-08 Clery x Grandarosa 362 11,37 4,5 4,5
T-201536-09 Clery x Grandarosa 633 9,22 4,0 49
T-201536-10 Clery x Grandarosa 489 11,76 4,0 5,0
T-201536-14 Clery x Grandarosa 187 6,74 3,8 4.8
T-201536-15 Clery x Grandarosa 202 7,35 3,8 4,5
T-201536-16 Clery x Grandarosa 744 16,12 49 4.6
T-201536-17 Clery x Grandarosa 241 14,92 3,8 4,0
T-201537-01 Clery x Matis 226 10,23 3,5 42
T-201537-02 Clery x Matis 1031 9,16 4,0 4,3
T-201539-01 Darselect x Grandarosa 920 6,27 3,3 3,5
T-201555-01 Marmolada x Grandarosa 1170 8,18 3,0 43
T-201555-02 Marmolada x Grandarosa 996 8,79 3,3 5,0
T-201555-04 Marmolada x Grandarosa 952 7,83 43 4.4
T-201555-06 Marmolada x Grandarosa 1241 7,43 3,8 4.8
T-201555-07 Marmolada x Grandarosa 104 11,00 4,0 4.8
T-201555-08 Marmolada x Grandarosa 833 7,92 3,6 49
T-201555-09 Marmolada x Grandarosa 675 10,33 3,7 4,7
T-201560-01 Onda x Panvik 629 6,29 3,8 4,5
T-201560-02 Onda x Panvik 397 5,79 4,0 5,0
T-201560-04 Onda x Panvik 519 7,37 3,8 4,3
T-201560-05 Onda x Panvik 244 5,71 33 4,7
T-201560-07 Onda x Panvik 1563 11,44 4,2 4,8
T-201560-08 Onda x Panvik 1167 11,61 3,8 4,9
T-201567-01 Patty x Panvik 876 6,86 39 4,9

Objasnienie: 'Ocena wedlug skali bonitacyjnej 1-5, gdzie 1 oznacza najnizszq wartos¢, zas 5 — najwyzszq wartos¢ badanej cechy.
Explanation: 'Assessment according to the rating scale 1-5, where 1 is the lowest value and 5 - the highest value of the examined trait
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Tabela 1 cd.
Table 1 cd.
Plon i wizualna jako$¢ owocéw 90 genotypéw truskawki (Skierniewice, 2019)
Fruit yield and external fruit quality of 90 strawberry genotypes (Skierniewice, 2019)
Genotyp Rodowod Plon pwgcéw M\ifseeilglh?\(ivt? lc " Aij‘fgggﬁéé ] e;drn?s'c’
Genotype Parentage Fruit yield fruit Fruit qwocow‘
® (2) attractiveness' Fruit firmness!
T-201567-02 Patty x Panvik 307 11,80 3,9 4,6
T-201567-03 Patty x Panvik 1070 8,27 4,1 4,8
T-201567-04 Patty x Panvik 1173 7,98 4,1 4,3
T-201571-01 Sophie x Pink Rosa 509 8,70 4,0 4,5
T-201571-02 Sophie x Pink Rosa 210 4,62 3,3 43
T-201571-03 Sophie x Pink Rosa 725 8,78 34 4,6
T-201580-01 F. chil. Del Norte x Elsanta 1046 3,56 32 43
T-201580-02 F. chil. Del Norte x Elsanta 649 3,61 2,8 43
T-201585-01 F. chil. Yaquina A x Matis 335 4,53 3,7 4.5
T-201590-01 F. chil. Yaquina B x Panvik 1408 4,49 2,7 43
Srednia dla wszystkich genotypow 1051 9.05 3.87 458

Average for all genotypes

Objasnienie: 'Ocena wedlug skali bonitacyjnej 1-5, gdzie 1 oznacza najnizszq wartosé, zas 5 — najwyzszq wartos¢ badanej cechy.
Explanation: 'Assessment according to the rating scale 1-5, where 1 is the lowest value and 5 - the highest value of the examined trait

and T-201536-16 (‘Clery’ x ‘Grandaro-
sa’), T-201567-01 and T-201567-04
(‘Patty’ x ‘Panvik’) and T-201580-01 (F. chilo-
ensis Del Norte x ‘Elsanta’). Of note is the fact
that the content of soluble sugars in fruits from
these clones was higher compared to fruits
from hybrids obtained by Hasing et al. (2013)
as a result of a factorial hybridization (5 % 4),
where the extract content was 5.1% to 9.9%
and 6.5% to 10.6%, depending on the season.
Voca et al. (2008) also analysed the chemical
composition of fruit from 7 strawberry culti-
vars (‘Clery’, ‘Maya’, ‘Alba’, ‘Miss’, ‘Camaro-
sa’, ‘Queen Elisa’ and ‘Elsanta’) and reported
the content of soluble solids from 6% for ‘Maya’
to 10.1% for ‘Elsanta’. The content of soluble
sugars in strawberry fruit, especially sucrose,
glucose and fructose, is an important quality
trait determining their taste (Cordenunsi et al.,
2002; Perkins-Veazie, 1995).

The content of ascorbic acid in the fruit
of the analysed clones ranged from 24
to 106 mg/100 g. Such a large variation of this
trait is typical for the cultivars of strawber-
ries (da Silva-Pinto et al., 2008; van De Velde
et al., 2013). However, from the point of view
of human health, fruits with a high content
of ascorbic acid are the most valuable (Cruz-
Rus et al., 2011). In our study, the highest
levels of ascorbic acid (more than 90 mg/100 g)
were found in fruit from the following clones:
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T-201501-03 (‘Alba’ x ‘Grandarosa’), T-201526-
02 and T-201526-05 (‘Cigaline’ x ‘Grandarosa’),
T-201536-08and T-201536-15(‘Clery’ x ‘Grandaro-
sa’), T-201537-02 (‘Clery’ x ‘Matis’), T-201539-
01 (‘Darselect’ x ‘Grandarosa’), T-201555-02,
T-201555-08 and T-201555-09 (‘Marmola-
da’ x ‘Grandarosa’), T-201567-01 and T-201567-
03 (‘Patty’ x ‘Panvik’). The content of ascorbic
acid in the fruits of the above-mentioned clones
is therefore much higher than the reported aver-
age, i.e. about 60 mg/100 g of fresh fruit (Miller
etal., 2019). According to Cruz-Rus et al. (2011),
lower content of ascorbic acid (50 mg/100 g)
was found in fruit from the ‘Camarosa’ cultivar,
which was the maternal form of six out of 90
genotypes described in our study.

The content of anthocyanins in the fruit of all
analysed clones ranged from 8 to 70 mg/100 g.
It should be pointed out that a very high
content of anthocyanins in consumed fruits
is desirable due to the strong antioxidant prop-
erties of these compounds. In our research,
anthocyanin content higher than 50 mg/100 g
of fruit was found for the following clones:
T-201508-01  (‘Alice’ x ‘Matis’), T-201512-
03 (‘Camarosa’ x ‘Panvik’), T-201514-02
and T-201514-08 (‘Candiss’ x ‘Panvik’),
T-201517-05 (‘Chandler’ x ‘Matis’), T-201567-
04 (‘Patty’ x ‘Panvik’) and T-201580-01
(Fragaria chiloensis Del Norte x ‘Elsanta’).
This shows the high health promoting value
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of fruits from the listed clones. According
to Voca et al. (2008), the content of anthocya-
nins (for seven strawberry cultivars analysed)
was lowest in the fruit of the ‘Elsanta’ cultivar
(114.76 mg/kg), and highest in the ‘Camarosa’
cultivar (327.39 mg/kg), which was the mater-
nal form of one above-listed hybrid geno-
type. The very high content of anthocyanins
in the fruit of the 'Camarosa’ cultivar (840.2 mg/
kg) was also noted by Garcia-Viguera et al.
(1998).

The content of phenolic compounds
inthe fruit of the analysed genotypes ranged from
257 to 478 mg/100 g of fresh fruit. The highest
levels of phenolic compounds in fruits (more
than 430 mg/100 g) were found for the following
genotypes: T-201501-02 and T-201501-03 (‘Alba’
x ‘Grandarosa’), T-201512-04 and T-201512-05
(‘Camarosa’ x ‘Panvik’), T-201567-01, T-201567-
02 and T-201567-04 (‘Patty’ x ‘Panvik’)
and T-201585-01 (Fragaria chiloensis Yaqui-
na A x ‘Matis’). Such a high level of phenolic
compounds is especially desired in strawber-
ries produced for the fresh fruit market, due
to their high health-promoting value. However,
despite the great importance of polyphenols
in the human diet, excessive levels of these
compounds may cause a slightly tart taste in
strawberries and thus lower their sensory value.
On the other hand, a high level of phenol-
ic compounds in fruit for processing may be
associated with a number of technological
problems, so the best for this purpose are straw-
berries with a moderate content of phenolics,
which in the case of the analysed clones was
360 mg/100 g of fresh fruit. A study conducted
by Palmieri et al. (2017) revealed that the content
of phenolics in ripe strawberries also depended
on the cultivar and ranged from 33.2 mg/100 g

of fresh fruit for 'Marmolada' to 127.3 mg/100 g
for 'Eva', which is much lower compared with
clones grown at the Research Institute of Horti-
culture.

Considering all  analysed bioactive
compounds, T-201510-02 (‘Asia’ x ‘Matis’),
T-201514-02 and T-201514-08 (‘Candiss’ x
x  ‘Panvik’), T-201517-05 (‘Chandler’ X
x ‘Matis’), T-201526-01 and  T-201526-
04 (‘Cigaline’ x ‘Grandarosa’), T-201567-
03 and T-201567-04 (‘Patty’ x ‘Panvik’)
and T-201571-02 (‘Sophie’ x ‘Pink Rosa’)
clones were regarded as particularly valuable
because of the high content of total phenol-
ic compounds, anthocyanins and ascorbic
acid in the fruit. Moreover, due to the fact
that phenolic compounds produce a syner-
gistic effect on the human body along with
L-ascorbic acid (Kazimierczak et al., 2009),
clones designated T-201501-02 and T-201501-
03  (‘Alba’ x ‘Grandarosa’),  T-201526-05
and T-201526-06 (‘Cigaline’ x ‘Grandarosa’),
T-201536-04,  T-201536-05,  T-201536-06,
T-201536-14, T-201536-15 and T-201536-16
(‘Clery’ x ‘Grandarosa’) and T-201571-02
(‘Sophie’ x ‘Pink Rosa’) were also classified
as valuable because they produced fruit with
ahigh content of both these compounds. It should
also be emphasized that four of the above-listed
clones (T-201501-03, T-201526-06, T-201536-
05, T-201536-06) were also characterised
by high external quality of fruits. Therefore, it
can be expected that the fruits of these clones
will be particularly appreciated by consumers
due to their high quality and health benefits.
These clones may give rise to new, valuable
cultivars in the future, if their other positive
productivity traits are confirmed, including
resistance or low susceptibility of plants

Tabela 2
Table 2

Sklad chemiczny owocéw 90 genotypow truskawki (Skierniewice, 2019)

Chemical composition of fruit of 90 strawberry genotypes (Skierniewice, 2019)

Zawarto$¢ zwiazkow x
. ., Zawartos$¢ kwasu
Ekstrakt fenolowych Zawarto$¢ antocyjanow .
Genotyp . . L-askorbinowego
Extract Content of phenolic Content of anthocyanins s
Genotype Content of L-ascorbic acid
[%] compounds [mg/100 g] [mg/100 g]
[mg /100 g] giive
T-201501-01 9,0 306 20 73
T-201501-02 9,3 478 20 89
T-201501-03 8,8 434 18 103
T-201506-01 7,9 265 42 52
T-201506-02 7,2 369 48 26
T-201508-01 9,0 322 54 39
T-201508-02 8,6 337 48 32
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Tabela 2 cd.
Table 2 cd.

Sklad chemiczny owocéw 90 genotypow truskawki (Skierniewice, 2019)

Chemical composition of fruit of 90 strawberry genotypes (Skierniewice, 2019)

Zawarto$¢ zwiazkow -
Ekstrakt fenolowych Zawarto$¢ antocyjanow Zawartos.c kwasu
Genotyp . . L-askorbinowego
Genotype Extract Content of phenolic Content of anthocyanins Content of L-ascorbic acid
[%] compounds [mg/100 g]
[mg /100 g] [mg/100 g]

T-201508-03 11,1 366 34 61
T-201508-04 8,9 291 39 60
T-201510-01 8,8 303 26 74
T-201510-02 8,7 372 50 71
T-201510-03 9,3 360 37 66
T-201510-04 7,2 298 31 41
T-201511-01 9,3 325 20 69
T-201512-01 9,0 383 35 44
T-201512-02 9,0 362 33 50
T-201512-03 7,5 391 55 58
T-201512-04 9,9 452 36 52
T-201512-05 10,2 433 46 45
T-201512-06 10,0 388 43 56
T-201513-01 9,8 348 24 39
T-201513-02 10,1 421 50 59
T-201513-03 9,6 358 38 54
T-201513-04 9,1 390 26 53
T-201513-05 8,6 392 41 46
T-201513-06 9,6 422 40 59
T-201514-01 8,0 304 27 61
T-201514-02 9,3 394 65 75
T-201514-03 9,1 322 33 71
T-201514-04 9,1 367 34 52
T-201514-05 11,0 356 41 75
T-201514-06 10,0 301 36 67
T-201514-07 9,2 321 23 61
T-201514-08 10,5 403 70 70
T-201514-09 10,1 397 40 65
T-201517-01 8,0 381 36 54
T-201517-02 8,6 328 32 55
T-201517-03 9,4 359 44 59
T-201517-05 11,2 390 54 81
T-201524-01 5,3 318 21 25
T-201524-02 10,5 344 37 84
T-201525-01 9,6 326 34 61
T-201526-01 7,8 407 33 83
T-201526-02 9,0 351 26 98
T-201526-03 10,0 319 23 83
T-201526-04 9,7 392 34 88
T-201526-05 9,9 422 28 106
T-201526-06 9,1 377 25 80
T-201529-01 9,3 344 24 88
T-201536-01 9,4 306 31 85
T-201536-02 9,4 347 20 87
T-201536-03 9,1 313 25 75
T-201536-04 8,6 385 21 73
T-201536-05 10,5 368 19 78
T-201536-06 9,4 385 23 74
T-201536-07 8,3 320 39 65
T-201536-08 8,8 340 22 98
T-201536-09 11,6 280 12 86
T-201536-10 10,5 325 20 76
T-201536-14 10,2 427 24 60
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Tabela 2 cd.
Table 2 cd.

Sklad chemiczny owocow 90 genotypoéw truskawki (Skierniewice, 2019)

Chemical composition of fruit of 90 strawberry genotypes (Skierniewice, 2019)

Average for all genotypes

Zawarto$¢ zwigzkow i
Ekstrakt fenolowych Zawarto$¢ antocyjanow Zawartos‘c kwasu
Genotyp . . L-askorbinowego
Genotype Ex;ract Content of phenolic Content of anthocyanins Content of L-ascorbic acid
[%] compounds [mg/100 g] [mg/100 g]
[mg /100 g]
T-201536-15 11,0 373 30 102
T-201536-16 11,8 418 22 83
T-201536-17 7,0 341 27 33
T-201537-01 6,0 295 22 24
T-201537-02 10,9 354 27 98
T-201539-01 10,3 354 27 91
T-201555-01 10,0 258 35 73
T-201555-02 9,7 257 32 98
T-201555-04 9,5 318 27 57
T-201555-06 9,0 367 24 54
T-201555-07 6,6 333 25 27
T-201555-08 8,5 335 25 94
T-201555-09 8,1 340 16 97
T-201560-01 6,3 309 9 47
T-201560-02 8,2 367 29 46
T-201560-04 10,1 366 27 73
T-201560-05 7,1 281 35 46
T-201560-07 9,5 327 18 49
T-201560-08 8,7 345 27 62
T-201567-01 11,2 454 8 102
T-201567-02 10,7 442 33 64
T-201567-03 10,1 386 34 98
T-201567-04 12,7 442 52 80
T-201571-01 8,2 419 24 76
T-201571-02 11,0 419 33 74
T-201571-03 10,0 332 28 65
T-201580-01 11,1 367 54 57
T-201580-02 10,0 314 43 59
T-201585-01 8,8 435 34 44
T-201590-01 10,9 416 18 45
Srednia dla wszystkich
genotypow 9,31 359.,5 31,9 66,5

to biotic and abiotic stressors.

Conclusions

L.

It is possible to improve the external quality
of strawberry fruit and increase the content
of bioactive compounds in fruits by conventio-
nal breeding based on intra- and interspecific
hybridization within the genus Fragaria.

Fruit fromclones T-201510-02 (‘Asia’ x ‘Matis’),
T-201514-02 and T-201514-08 (‘Candiss’ x
‘Panvik’), T-201517-05 (‘Chandler’ x ‘Matis’),
T-201526-01 and T-201526-04 (‘Cigaline’ x
‘Grandarosa’), T-201567-03 and T-201567-
04 (‘Patty’ x ‘Panvik’) and T-201571-02
(‘Sophie’ x ‘Pink Rosa’) have particular value

for the human diet because of the high content
of bioactive compounds such as polyphenols,
anthocyanins, and ascorbic acid.

3. Genotypes producing fruit with high external

and internal quality traits may become valu-
able cultivars or be used in further breeding
research as a source of genes determining these
traits.

References

Battino, M., Beekwilder, J., Denoyes—Rothan, B., Laimer,
M., McDougall, G.J., Mezzetti, B. (2009). Bioactive
compounds in berries relevant to human health. Nutrition
Reviews 67 (1): 145-150.

Battino, M., Forbez—Hernandez, T. Y., Gasparrini, M., Afrin,

71



BIULETYN IHAR Nr 291 /2020

Agnieszka Masny, Monika Mieszczakowska-Fragc

S., Mezzetti, B., Giampieri, F. (2017). The effects
of strawberry bioactive compounds on human health. Acta
Hort. (ISHS) (1156): 355-362. https://doi.org?10.17660/
ActaHortic.2017.1156.54

Bialasiewicz, P., Prymont-Przyminska, A., Zwolinska,
A., Sarniak, A., Wlodarczyk, A., Krol, M., Glusac, J.,
Nowak, P., Markowski, J., Rutkowski KP., Nowak, D.
(2014). Addition of strawberries to the usual diet decre-
ases resting chemiluminescence of fasting blood in heal-
thy subjects—possible health—promoting effect of these
fruits consumption. Journal of the American College
of Nutrition 33 (4): 274-87.

Capocasa, F., Diamanti, J., Tulipani, S., Battino, M., Mezzetti,
B. (2008) a. Breeding strawberry (Fragaria X ananassa
Duch.) to increase fruit nutritional quality. Biofactors 34
(1): 67-72.

Capocasa, F., Scalzo, J., Mezzetti, B., Battino, M., 2008
b. Combining quality and antioxidant attributes
in the strawberry: The role of genotype. Food Chemistry
111: 872-878.

Cordenunsi, B. R., Oliveira Do Nascimento, J. R., Genovese,
M. L., Lajolo, F. M. (2002). Influence of cultivar on quality
parameters and chemical composition of strawberry fruits
grown in Brazil. J. Agric. Food Chem. 50: 2581-2586.

Cruz—Rus, E., Amaya, 1., Sanchez—Sevilla, J. F., Botella, M.
A., Valpuesta, V., 2011. Regulation of L—ascorbic acid
content in strawberry fruits. J. Exp. Bot. 62 (12): 4191—
4201.

Da Silva—Pinto, M., Lajolo, F. M., Genovese, M. 1. (2008).
Bioactive compounds and quantification of total ellagic
acid in strawberries (Fragaria x ananassa Duch.). Food
Chemistry 107: 1629-1635.

Diamanti, J., Capocasa, F., Balducci, F., Battino, M., Hancock,
J., Mezzetti, B. (2012). Increasing strawberry fruit senso-
rial and nutritional quality using wild and cultivated
germplasm. PLoS ONE 7 (10): e46470. DOI: 10.1371/
journal.pone.0046470

EUBerry germplasm database (2014). http://www.euberry.
univpm.it/sites/www.euberry.univpm.it/files/euberry/
documenti/D1.1%20Data%20base/Revisione/Summary—
Genotype%20characteristics%20-%20WP1%20
7_2_14%20last%20versionStrawberry.pdf

Garcia—Viguera, C., Zafrilla, P., Tomas—Barberan, F. A. (1998).
The use of acetone as an extactionsolvent for anthocysa-
nins from strawberry fruit. Phytochem. Anal. 9: 274-277.

Giampieri, F., Tulipani, S., Alvarez—Suarez, J. M., Quiles,
J. L., Mezzetti, B., Battino, M., 2012. The strawberry:
Composition, nutritional quality and impact on human
health. Nutrition 28: 9-19.

Giusti, M. M., Wrolstad, R. E. (2001). Characterization
and Measurement of Anthocyanins by UV-Visible
Spectroscopy. In: Current Protocols in Food Analytical
Chemistry (John Wiley & Sons, Inc., August 2001):
F1.2.1-F1.2.13. DOIL: 10.1002/0471142913.faf0102s00

72

Hasing, T. N., Osorio, L. F., Whitaker, V. M. (2013). Within—
season stability of strawberry soluble solids content. J.
Amer. Soc. Hort. Sci. 138 (3): 190-197.

Kazimierczak, R., Hallmann, E., Brodzka, A., Rembiatkowska,
E. (2009). A comparison of the polyphenol and vitamin C
content in jams of several varieties of black currants Ribes
nigrum L. from the organic and conventional cultivation.
Journal of Research and Applications in Agricultural
Engineering 54 (3): 123-130.

Marques, K. K., Renfroe, M. H., Bowling, B. Brevard, P., Lee,
R. E., Gloeckner, J. W. (2010). Differences in antioxi-
dant levels of fresh, frozen and freeze—dried strawberries
and strawberry jam. International Journal of Food Science
and Nutrition 61 (8): 759-7609.

Masny, A., Zurawicz, E. (2015). ‘Pink Rosa’ Strawberry.
HortScience 50 (10): 1585-1587.

Masny, A., Zurawicz, E., Markowski, J. (2015). ‘Grandarosa’
Strawberry. HortScience 50 (9): 1401-1404.

Michalska, A., Carlen, C., Heritier, J., Andlauer, W. (2017).
Profiles of bioactive compounds in fruits and leaves
of strawberry cultivars. Journal of Berry Research 7 (2):
71-84.

Miller, K., Feucht, W., Schmid, M. (2019). Bioactive compo-
unds of strawberry and blueberry and their potential
health effects based on human intervention studies: a brief
overview. Nutrients, 11, 1510. DOI: 10.3390/nul11071510

Mironczuk—Chodakowska, 1., Zujko, M. E., Witkowska, A.
(2011). Zawartos$¢ polifenoli oraz aktywnos$¢ antyoksy-
dacyjna niektorych przetwordw owocowych o znacznym
stopniu przetworzenia. Bromat. Chem. Toksykol. XLIV
(3): 905-910.

Palmieri, L., Masuero, D., Martinatti, P., Baratto, G., Martens,
S., Vrhovsek, U. (2017). Genotype—by—environment
effect on bioactive compounds in strawberry (Fragaria x
ananassa Duch.). J. Sci. Food Agric. 97: 4180-4189. DOI:
10.1002/jsfa.8290

Perkins—Veazie, P. (1995). Growth and ripening of strawberry
fruit. Hort. Rev. 17: 267-297.

Prymont—Przyminska, A., Biatasiewicz, P., Zwolinska, A.,
Sarniak, A., Wtodarczyk, A., Markowski, J., Rutkowski,
K. P, Nowak, D. (2016). Addition of strawberries
to the usual diet increases postprandial but not fasting
non urate plasma antioxidant activity in healthy subjects.
Journal of Clinical Biochemistry and Nutrition, 59 (2):
1-8.

Roudeillac, P., Trajkovski, K. (2004). Breeding for fruit quali-
ty and nutrition in strawberries. Acta Horticulturae 649:
55-60.

Tsao, R., Yang, R. (2003) Optimization of a new mobile phase
to know the complex and real polyphenolic composition:
towards a total phenolic index using high—performan-
ce liquid chromatography. J Chromatogr, A., 1018 (1):
29-40. DOI: 10.1016/j.chroma.2003.08.034

Van De Velde, F., Tarola, A. M., Guemes, D., Pirovani, M. E.



BIULETYN IHAR Nr 291 /2020
Mozliwosci poprawy jako$ci owocow truskawki metodg hybrydyzacji wewnatrz- imiedzygatunkowey...

(2013). Bioactive compounds and antioxidant capacity Hort. Sci. 132 (5): 629-637.
of Camarosa and Selva strawberries (Fragaria x ananassa ~ Zasowska—Nowak, A., Nowak, P. J., Bialasiewicz, P.,
Duch.). Foods, 2 (2): 120—131. Prymont—Przyminska, A., Zwolinska, A., Sarniak, A.,
Voca, S., Dobri¢evi¢, N., Dragovi¢-Uzelac, V., Duralija, B., Wlodarczyk, A., Markowski, J., Rutkowski, K. P., Nowak,
Druzi¢, J., Cmelik, Z., Skendrovié¢ Babojeli¢, M. (2008). D. (2016). Strawberries added to the usual diet suppress
Fruit quality of new early ripening strawberry cultivars fasting plasma paraoxonase activity and have a weak
in Croatia. Food Technol. Biotechnol. 46 (3): 292-298. transient decreasing effect on cholesterol levels in heal-
Wang, S. Y., Lewers, K. S., 2007. Antioxidant capacity thy non obese subjects. Journal of the American College
and flavonoid content in wild strawberries. J. Amer. Soc. of Nutrition, 35 (5): 422-35.

73





