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DETERMINING CONSUMER APPEAL
OF SELECTED GARDEN STRAWBERRY VARIETIES
(FRAGARIA x ANANASSA DUCH.)

LV, Luk’yanchuk,
E.V. Zhbanova, A.S. Lyzhin

Improving the biochemical strawberry fruit composition and aroma is an
important goal to develop the assortment of strawberry plants because only a
few present-day varieties combine the high quality and aroma in strawberry fruits
with increased accumulation of the biochemical composition components. The
paper aims to assess hybrid strawberry seedlings based on a range of properties in
strawberry fruits to select the most promising genotypes. Strawberry aroma and its
consumer appeal were evaluated organoleptically. The biochemical component was
tested in the laboratory according to standard methods, and the strawberry aroma
was evaluated using DNA markers.

The research identified promising genotypes showing a high level of different
characteristics: 75-30 (Tokado % Elianny) — consumer appeal (5.0 points), flavor
(4.5 points), polychlorinated biphenyl levels [PCB] (9.2% Brix), and vitamin C
(72.1 mg/100 g); 34-2 (922-67 x Priviekatelnaya) — consumer appeal (5.0 points),
strawberry aroma (FaOMT gene), flavor (4.5 points), PCB levels (14.7% Brix), and
sugars (10.8%); 153-41 (Senga Sengana > Redcoat) —consumer appeal (5.0 points),
strawberry aroma (FaOMT gene), PCB levels (12.8% Brix), sugars (10.2%), and
vitamin C (76.1 mg/100 g); 153-60 (Senga Sengana x Redcoat) — consumer appeal
(5.0 points), strawberry aroma (FaOMT gene), flavor (4.6 points), PCB levels
(11.7% Brix), and sugars (10.5%); 35-16 (922-67 x Maryshka) — flavor (4.6 points)
and anthocyanins levels (90.7 mg/100 g); 72-25 (Privlekatelnaya * Bylinnaya) —
combination of FaOMT and FaFAD1 strawberry aroma genes.
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OLEHKA INIOTPEBUTEJIbCKUX KAYECTB
IJIOJIOB OTBOPHBLIX ®OPM 3EMJISSHUKHA CAJIOBOA
(FRAGARIA x ANANASSA DUCH.)

U.B. JIyKkvanuyk,
E.B. Koanosa, A.C. Jlviocun

Vayuwenue buoxumuueckoeo cocmasa u apomama nio008 si6usiemcst akmyaib-
HoUl 3a0ayell cO8epUEeHCMBO8ANUSA COPMUMEHMA 3EMAAHUKU, MAK KAK HeMHO2Ue
U3 COBPEMENHBIX COPMOB COUEmalom 6bICOKUL YPOGEeHb KAuecmed U apomama
NI0008 € NOBBIUUEHHBIM HAKONLEHUEM KOMINOHEHNMO8 OUOXUMUYECKO20 COCMAsd.
Lenv uccnedosanus — ananuz uOPUOHbIX CeANYe8 3eMIAHUKU NO KOMNILEKCY NO-
MpeoumenbCKux Kauecms nio0os 0is gbloenetus NepcnekmugHblx eHOMUnos.
OyeHnky npusnekamenbHoCmu U 8KyCO8blX Kauecmes niod08 Nposoouiu OpeaHo-
aenmuyecKku, cooepicanue OUOXUMUYECKUX KOMNOHEeHMO08 — 6 1a00paAmOPHbLIX
VCL08UAX NO CIMAHOAPTNHBIM MEMOOUKAM, APOMAMA NI0O08 — C UCHONbL30BAHUEM
JIHK-maprepos.

B pesynbmame npoeedénnuix ucciedosanuil u0enmupuyuposanvl nepcnekmus-
Hble 2eHOMUNYL, XAPAKMEPUIVIOWUECS GbICOKUM YPOBGHEM NPOSGLEHUS KOMNILEKCa
npusnaxos: 75-30 (Tokado * Elianny) — npueiexamenvrhocms (5,0 6anna), éxyc
nnooos (4,5 banna), cooepycanue pacmeopumelx cyxux eewecms (PCB) (9,2%
Brix) u eumamuna C (72,1 me/100 2); 34-2 (922-67 x [Ipusnekamenvhas) — npu-
enexkamenvhocms (5,0 6anna), apomam nnooos (een FaOMT), exyc (4,5 6anna),
cooeporcanue PCB (14,7% Brix) u caxapos (10,8%); 153-41 (Senga Sengana *
Redcoat) — npusnexamenvrnocmo (5,0 6anna), apomam niooos (een FaOMT), co-
Oeporcanue PCB (12,8% Brix), caxapos (10,2%) u sumamuna C (76,1 me/100 2);
153-60 (Senga Sengana x Redcoat) — npuerexamenvrnocms (5,0 6anna), apomam
n10006 (een FaOMT), éxyc (4,6 6anna), cooepaicanue PCB (11,7% Brix) u caxapos
(10,5%); 35-16 (922-67 x Maryshka) — 6xyc niooos (4,6 6anna) u cooepoicanue
anmoyuanos (90,7 me/100 2); 72-25 ([Ilpusnexamenvhas * Bvliunnas) — KoMOuHa-
yus cenos apomama nio0os FaOMT u FaFADI.

Kniouesvie cnosa: 3emnanuxa; eenomun, nompeoumenbckue Kayecmed, 8Kyc,
OUOXUMUYECKULL COCTNAG, apoMam

Jna yumuposanus. Jlykvsanuyk U.B., )Koanoea E.B., Jlviowcun A.C. Oyenxa no-
mpebumenbCKux Kayecms njiodo8 omoopuuix hopm semasHuku cadosoil (Fragaria
x ananassa Duch.) // Siberian Journal of Life Sciences and Agriculture. 2022.
T. 14, Ne4. C. 228-241. DOI: 10.12731/2658-6649-2022-14-4-228-241
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Introduction

Garden strawberries are among the most widely cultivated berry crops in
the world. Its fruits contain a large number of phytochemical compounds: cat-
echins, flavonols, anthocyanins, vitamin C, folic acid, etc. [6; 14]. Strawberry
consumption helps to prevent inflammatory processes, hypertension, and ath-
erosclerosis [9; 15]. However, only a few of the cultivated genotypes are asso-
ciated with a high quality of fruits and increased accumulation of biochemical
composition components [11].

Furthermore, what attracts consumers to high-quality strawberries is their
distinctive pleasant aroma attributed to a number of volatile aroma-forming or-
ganic compounds [17; 19]. The most significant contribution to the strawberry
aroma is made by about 20 organic compounds, which include y-decalactone
(peach-like, fruity, sweet aroma) and mesifuran (fruity and caramel aroma) [10;
21]. According to [20] and [10], many present-day high-yielding garden straw-
berry varieties possess weak aroma characteristics due to the domestication
effect, and plant breeders who neglected the “strawberry aroma” component as
important for breeding purposes over a long time. In this regard, improving the
biochemical composition and preservation of aroma is an urgent and import-
ant task concerning strawberry varieties’ genetic and breeding improvement.

The scientific novelty is as follows:

* Polymorphic selected hybrid forms of strawberries of interspecific and in-
tervarietal origin (created at the I. V. Michurin Federal Research Center)
were characterized for the first time based on a complex of new methods
of DNA technology, genetic selection, and biochemical analysis;

* Qualitatively new genotypes with fragrant dessert-flavored fruits with a
high accumulation of biologically active substances (anthocyanins, vita-
min C) were identified).

Materials and methods
The paper aims to assess hybrid strawberry seedlings based on a range of
properties in strawberry fruits to select the most promising genotypes and the
origins of their high quality.
Research objectives:
* To evaluate the strawberry fruit appeal and palatability in selected variet-
ies;
* To examine the selected strawberry fruits’ biochemical composition;
* To analyze the selected varieties for genetic determinants of the strawber-
ry’s aromatic properties;
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* To select promising strawberry genotypes with a high number of qualities

enjoyed by consumers.

The research was conducted in 2019-2020. It targeted promising selected seed-
lings of garden strawberries obtained at the I.V. Michurin Federal Research Center.

Garden strawberry appeal and palatability were evaluated organoleptically
following the Program and Methods of Variety Research on Fruit, Berry, and
Nut Crops [8].

Strawberry fruit biochemical analyses were performed according to stan-
dard methods [1; 7]. The obtained data were statistically processed using the
Microsoft Excel 2016 software.

Strawberry aroma evaluation was based on identifying genes of volatile aro-
ma-forming substances through molecular genetic analysis. The FAOMT-SI/NO
marker [22] was used to detect the FaOMT gene (mesifuran levels in strawber-
ry fruits). The FaFAD1 marker [12] was chosen to identify the FaFADI gene
(v-decalactone levels in strawberry fruits). The 15 pl polymerase chain reac-
tion [PCR] mixture contained 1.5 mM of a buffer solution for PCR, 2.0 mM of
a deoxyribonucleotide triphosphate solution, 2.5 mM of magnesium chloride,
0.2 U of Taq polymerase, 0.2 uM of forward and reverse primers, and 20 ng
of genomic DNA. Amplification was performed with the help of a BIO-RAD
T100 thermocycler and in the modes described earlier [5]. The amplification
products were separated by agarose gel electrophoresis. The Gene Ruler 100
bp DNA Ladder was used to determine the size of amplicons.

Results

In the studied hybrid varieties of garden strawberry, we estimated how at-
tractive their fruits can be to consumers (4.0 to 5.0 points); identified strawber-
ry fruits flavor (4.0 to 4.6 points); polychlorinated biphenyl [PCB] levels (8.3
to 10.6% Brix), total sugars (5.1 to 8.4%); vitamin C (37.0 to 88.5 mg/100 g);
and anthocyanins (30.3 to 114.0 mg/100 g) (Table 1).

Among the studied biochemical components of strawberry fruits, the great-
est variability was noted in the anthocyanins levels (3.8-fold difference between
the maximum and minimum values) and vitamin C levels (2.4-fold difference
between the maximum and minimum values).

Hybrid varieties possess a number of qualities desirable to consumers:

* 75-30 (Tokado x Elianny) — consumer appeal (5.0 points), flavor (4.5

points), PCB levels (9.2% Brix), and vitamin C (72.1 mg/100 g);
* 34-2 (922-67 x Privlekatelnaya) — consumer appeal (5.0 points), flavor
(4.5 points), PCB levels (14.7% Brix), and sugars (10.8%);
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* 153-41 (Senga Sengana x Redcoat) — consumer appeal (5.0 points), PCB
levels (12.8% Brix), sugars (10.2%), and vitamin C (76.1 mg/100 g);

» 153-60 (Senga Sengana x Redcoat) — consumer appeal (5.0 points), flavor
(4.6 points), PCB levels (11.7% Brix), and sugars (10.5%);

* 35-16 (922-67 x Maryshka) — flavor (4.6 points) and anthocyanins levels

(90.7 mg/100 g).
Table 1.
Consumer appeal to the selected hybrid varieties of strawberries
Av Stan- Variation intervals
Indicator erage dard ‘ differ- Selected Va}rle‘tles with
x) error | min | max | ence, the best indicators
S(x) (A)
920-76, 75-30, 914-13,
Consumer an- 914-27, 20-8, 35-1,
cal Scorep 49 0.10 | 40| 5.0 1.0 34-2,
beds 153-41, 153-60, 35-10,
26-10, 56-19

920-62, 914-67, 75-30,
928-25,927-14, 914-13,
Flavor, score | 4.2 | 0.16 | 40| 46 | 0.6 | 265, 26-10,25-2,21-
14, 35-10, 35-16, 56-19,
34-2, 153-60
153-41, 153-60, 34-2,
4/1-126, 4/1-110, 75-30

PCB, % Brix 9.4 0.17 83 | 10.6 23

Sugar 153-41, 153-60, 34-2,
(evels), % | 66 | 014 |51} 841 33 4/1-126, 4/1-110
Vitamin C, | 55 5 1 539|370 885 | 515 | 72-12, 153-41, 75-30
mg/100 g

Anthocyanins, | 551 | 453 1303(114.0| 837 | 25-1,30-1,35-1,35-16
mg/100 g

Using the FAOMT-SI/NO marker, a functional allele of the FaOMT gene
(248 bp amplicon) was detected in 64.3% of the strawberry varieties studied,
among which 55.6% of hybrids show a combination of functional and nonfunc-
tional alleles, and 44.4% of genotypes show a functional allele in the homozy-
gous state. The FaFAD1 gene (500 bp amplicon) was identified in 35.7% of the
strawberry varieties under study (Table 2).

The combination of functional alleles in FaOMT and FaFADI genes was
revealed in one genotype: seedling 72-25 taken from the Privlekatelnaya x By-
linnaya plant breeding combination. The selected seedling 65-26 (Olimpiyskaya
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Nadezhda x Bylinnaya) inherited no functional alleles of the target genes (am-
plicons of 248 bp (FaOMT gene) and 500 bp (FaFADI gene) were not present).

Table 2.
Allelic diversity of aroma genes in selected strawberry seedlings
. . FaOMT FaFADI
Genotype Plant breeding combination 217 b]L;)l 248 bp SaO 0 bp
928-12 298-19-9-43 x Privlekatelnaya + +
72-25 . . + + +
7271 Privlekatelnaya x Bylinnaya " "
26-5 Rubinovy Kulon x 298-19-9-43 + +
63-26 Olimpiyskaya Nadezhda x Bylinnaya i
65-34 sy yimmaya T
69-29 Feyerverk x Bylinnaya + +
26-5 Gigantella Maxim x Privlekatelnaya i
56.3 gante vlekatelnay: n n
61-3 Bylinnaya x Olimpiyskaya Nadezhda i i
61-12 N sy + +
34-2 922-67 x Privlekatelnaya +
153-41 +
153-60 Senga Sengana x Redcoat "
Discussion

Significant variability was observed for the studied selected strawberry va-
rieties with regard to the qualities consumers find desirable in strawberry fruits.
This is due to the polymorphism of the original parental forms and polygenic
control and independent pattern in the inheritance of strawberry fruit quality
properties and biochemical composition [2; 3; 18].

In addition, various present-day strawberry varieties (generally used as the
original parental forms) show a low concentration of biochemical components
in their fruits, which makes it challenging to obtain genotypes with high-qual-
ity properties.

However, if we consider particular plant breeding combinations, then it is
possible to isolate hybrid seedlings with high-quality properties of individual
components within the strawberry fruit biochemical composition originated
from genetic determinants recombination and transgressive variability [3; 4].

High-quality properties desirable to consumers were found in the following
strawberry varieties: 920-76 (Rubinovy Kulon x Dedanka), 75-30 (Tokado x
Elianny), 914-13, 914-27 (Festivalnaya x Privlekatelnaya), 20-8 (Festivalnaya
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x Dedanka), 35-10 (922-67 x Maryshka), 26-10 (Rubinovy Kulon x 298-19-9-
43), 153-41 (Senga Sengana x Redcoat), 34-2 (922-67 x Privlekatelnaya), 56-
19 (Gigantella Maxim x Privlekatelnaya), etc. (consumer appeal — 5.0 points);
21-14 (Urozhaynaya TSGL x Rubinovy Kulon), 920-62 (Rubinovy Kulon x
Dedanka), 914-13, 914-67 (Festivalnaya x Privlekatelnaya), 26-5, 26-10 (Ru-
binovy Kulon x 298-19-9-43), 75-30 (Tokado x Elianny), 928-25 (298-19-943
x Privlekatelnaya), 927-14 (298-19-9-43 x Rubinovy Kulon), 35-10, 35-16
(922-67 x Maryshka), 153-60 (Senga Sengana x Redcoat), 25-2 (Rubinovy Ku-
lon x Maryshka), 34-2 (922-67 x Privlekatelnaya), 56-19 (Gigantella Maxim x
Privlekatelnaya) (flavor — 4.5 points or more); 153-41, 153-60 (Senga Sengana
x Redcoat), 34-2 (922-67 x Privlekatelnaya), 4/1-110, 4/1-126 (Polka x Vima
Zanta), 75-30 (Tokado x Elianny) (PCB levels — 9% or more); 153-41, 153-60
(Senga Sengana x Redcoat), 34-2 (922-67 x Privlekatelnaya),4/1-110, 4/1-126
(Polka x Vima Zanta) (sugar levels — 7% or more); 72-12 (Privlekatelnaya x
Bylinnaya), 75-30 (Tokado x Elianny), 153-41 (Senga Sengana x Redcoat)
(vitamin C — 70 mg/100 g or more); 25-1 (Rubinovy Kulon x Maryshka), 30-1
(Feyerverk x Privlekatelnaya), 35-1, 35-16 (922-67 x Maryshka) (anthocyanin
levels — 80 mg/ 100 g or more).

According to the studies of Zorrilla-Fontanesi et al. [22], Cruz-Rus et al.
[13], the high levels of mesifuran in strawberry fruits occur in their selected
varieties that carry a functional allele of the FaOMT gene in the genome in a
homozygous or heterozygous state. These include the following seedlings: 56-5
(Gigantella Maxim X Privlekatelnaya), 34-2 (922-67 x Privlekatelnaya), 153-
41, 153-60 (Senga Sengana x Redcoat) (homozygous genotype by functional
allele); 72-25, 72-71 (Privlekatelnaya x Bylinnaya), 928-12 (298-19-9-43 x
Privlekatelnaya), 26-5 (Rubinovy Kulon x 298-19-9-43), 69-29 (Feyerverk x
Bylinnaya) (heterozygous genotype). Molecular genetic testing data are also
confirmed by analyzing the origin of the varieties studied. The seedlings pos-
sessing the homozygous state of the FaOMT gene functional allele were isolated
in plant breeding combinations where, according to the data obtained earlier [5;
16], both parental forms contain the FaOMT functional allele in their genome
and, therefore, it is possible to have homozygous forms in the hybrid progeny.
Heterozygous genotypes affected by the FaOMT gene have been isolated in
hybrid combinations, where one or both parental forms show the FaOMT gene
functional allele, while homozygous seedlings with the inactive allele have the
original parental forms without the functional FaOMT allele in their genome.

The y-decalactone levels in strawberry fruits are controlled by the expres-
sion of the FaFADI dominant gene [12]. According to molecular genetic anal-
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ysis, high y-decalactone levels are found in fruits of 72-25 (Privlekatelnaya x
Bylinnaya), 61-3, 61-12 (Bylinnaya x Olimpiyskaya Nadezhda), 65-34 (Olimpi-
yskaya Nadezhda x Bylinnaya), and 56-8 (Gigantella Maxim % Privlekatelnaya)
obtained using previously identified [5] donors with the target allele of the Fa-
FADI gene, the Bylinnaya and Gigantella Maxim cultivars. A combination of
the FaOMT and FaFAD] functional alleles was identified in seedlings 72-25
(Privlekatelnaya x Bylinnaya). It should be noted that the seedling 72-71 from
the same breeding combination did not inherit the functional allele of the Fa-
FADI gene. In addition, seedlings 56-5, 56-8 (Gigantella Maxim X Privlekat-
elnaya), and 69-29 (Feyerverk x Bylinnaya) also inherited only one locus of
the two possible.

Conclusion

Based on the evaluation of selected strawberry varieties in terms of a num-
ber properties desirable by consumers, we identified promising genotypes that
possess one prominent strawberry property or a number of properties. The most
valuable varieties for breeding purposes are:

» 75-30 (Tokado x Elianny) — consumer appeal (5.0 points), flavorful (4.5
points) strawberry fruits with high PCB levels (9.2% Brix), and vitamin
C (72.1 mg/100 g);

* 34-2(922-67 x Privlekatelnaya) — consumer appeal (5.0 points), flavorful
(4.5 points) and aromatic (FaOMT gene) strawberry fruits with high PCB
levels (14.7% Brix), and sugars (10.8%);

* 153-41 (Senga Sengana % Redcoat) — consumer appeal (5.0 points), ar-
omatic (FaOMT gene) strawberry fruits with high PCB levels (12.8%
Brix), sugars (10.2%), and vitamin C (76.1 mg/100 g);

* 153-60 (Senga Sengana x Redcoat) — consumer appeal (5.0 points), fla-
vorful (4.6 points) and aromatic (FaOMT gene) strawberry fruits with
high PCB levels (11.7% Brix), and sugars (10.5%);

* 35-16 (922-67 x Maryshka) — flavorful (4.6 points) strawberry fruits with
high anthocyanins levels (90.7 mg/100 g);

 72-25 (Privlekatelnaya x Bylinnaya) is a combination of functional alleles
in the FaOMT and FaFAD] strawberry aroma genes.
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