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RIPENING STAGES AND TASTING EVALUATION OF FRUITS OF SUBTROPICAL FRUIT
CROPS UNDER THE CONDITIONS OF THE KHOROL BOTANICAL GARDEN

Actuality. In the context of climate change, scientific and practical approaches in the field of plant introduction and adaptation
make it possible to expand the cultivated ranges of valuable subtropical species. For the first time in the Poltava region, a collection
of subtropical fruit crops has been established at the Khorol Botanical Garden, and their fruiting is one of the indicators of adaptation
to new soil and climatic conditions. Determining the ripening stage of the fruits and their suitability for consumption is therefore a
relevant and timely issue.

The purpose of the study. The aim of the study is to determine the ripening stage of subtropical fruit crops from the collection of the
Khorol Botanical Garden and to conduct their sensory (taste) evaluation.

© V. Krasovskyi, T. Cherniak, Yu. Hapon, S. Pototska, R. Fedko, M. Diachenko-Bohun, T. Shkura 16] ==



Bionoria. Papmauin

Materials and methods. The research was conducted in the scientific zone and nursery of the Khorol Botanical Garden. The study
material consisted of fruits of subtropical plant species: Asimina triloba (L.) Dunal, Mespilus germanica L., Prunus dulcis (Mill.) D.A. Webb,
Prunus armeniaca L., Ziziphus jujuba Mill., Ficus carica L., Passiflora incarnata L., Punica granatum L., Diospyros virginiana L.

Research methods: phenological observations, morphometric analysis, photographic documentation, descriptive assessments, and
statistical calculations. Fruit ripeness was evaluated through sensory analysis during the stage of consumer ripeness. The research was
conducted over the period 2021-2024.

Research results. Based on the conducted observations, the consumer ripeness stages of the fruits of subtropical plant species were
identified. The beginning and end of these stages were recorded as follows: the beginning was marked by the first possible harvest date of ripe

fruits of a given species, and the end was defined as the date of the last harvest.

The consumer ripeness phase for A. triloba lasted fiom the II decade (hereinafier referred to as d.) of October to the II d. of November;
M. germanica — Il d. of October — 111 d. of December; P. dulcis — Il d. of September — I d. of October;, P. armeniaca — I d. of September —
1d. of October, Z. jujuba — 11 d. of September — 1 d. of November, F. carica — Il d. of July — Il d. of November, P. incarnata — I d. of October —
1d. of November, P. granatum — 111 d. of September — I d. of November, D. virginiana — 11 d. of September — II d. of November:

According to the sensory/tasting evaluation, the overall quality of each of the five breeding forms of Z. jujuba was rated at 9 points; four
cultivars and three breeding forms of D. virginiana — at 7-9 points, 4 cultivars and 1 breeding form of F. carica — at 7-9 points, 1 cultivar and
6 breeding forms of A. triloba — at 7-9 points, 2 cultivars and 1 breeding form of M. germanica — at 7-9 points, 1 cultivar and 1 breeding form
of P, dulcis — at 9 points; 1 cultivar of P. armeniaca — at 9 points; 7 breeding forms of P. incarnata — at 7-9 points; 2 cultivars and 1 breeding
form of P. granatum — at 7-9 points.

Conclusion. Based on the results of the conducted research, the consumer ripeness phases of the studied subtropical fruit species were
established for the first time under the conditions of the Khorol Botanical Garden. Among the studied species, the earliest to reach consumer
ripeness were the fruits of . carica (second decade of July), while the latest were those of M. germanica (third decade of December).

According to the sensory evaluation, the fruits of 15 cultivars and 25 breeding forms across 9 species (A. triloba, M. germanica,
P. dulcis, P. armeniaca, Z. jujuba, F. carica, P. incarnata, P. granatum, D. virginiana) were of good to high quality, and therefore suitable for
consumption.

Key words: Forest-Steppe of Ukraine, introduction, fruiting, consumer ripeness, taste, fruit quality.
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®A3U CTUIVIOCTI TA JETYCTAIUIMHA OIIHKA IIJIOAIB CYBTPONIIYHUX KYJIBTYP
3A YMOB XOPOJIBCBKOTI'O BOTAHIYHOI'O CAAY

Axmyanvricmo. 3a 3min Kiimamy Hayko8o-npakmuyHi nioxoou 8 2any3i iHmpooyKkyii ma adanmayii pociun, 00380510Mb PO3UILL-
PrOGamu KyIibmueeHHi apeanu KOpucHux cyomponiynux eudis. Ynepue na [lonmaswuni ¢ Xoponvcokomy 6omaniunomy cady sibpana
KOJLeKYist CyOmponiuHux ni0008UX KYIbmyp, d ixX n1I00OHOWEHHsl € OOHUM I3 NPOsBI6 A0anmayii 00 HOBUX [PYHMOBO-KIIMAMUYHUX YMOG.
Bemanosnenus ¢pazu cmuenocmi nnodie i npuoamuocmi ix 00 CHONCUBAHHS € AKIMYATbHUM NUMAHHSM.

Mema 0ocnidxcennsa. Bcmanosnenna gpasu cmuenocmi niodie cyomponiyHux Kyiemyp Konexyii Xoponvcvkoco bomaniunozo cady
ma ix decycmayitina oyinKa.

Mamepian i memoou. JJocriodxcenHs npoeoounUcs 8 HAYKOGIll 30HI ma po3cadHuky Xoponbcbkoeo bomariunozo cady. JJocaionum
mamepianom Oynu niodu cyomponiunux kyiemyp: Asimina triloba (L.) Dunal, Mespilus germanica L., Prunus dulcis (Mill.) D.A. Webb,
Prunus armeniaca L., Ziziphus jujuba Mill., Ficus carica L., Passiflora incarnata L., Punica granatum L., Diospyros virginiana L.

Memoou docnidocensv: ghenonoiuni cnocmepescers, Mop@pomempuuni 00cioxHceHHs, pomoghikcayis, onuc, Cmamucmudti po3-
paxyuku. Cmuenicms n100ig oyineno oecycmayicio, y gasi cnosicusyoi cmuenocmi. Ilepioo oocnioocens — 2021-2024 poxu.

Pesynomamu docnioxcenna. Ha ocHosi npoeedenux cnocmepedicenb 6Cmanosieni pasu cnoxcuguoi cmueiocmi niooie cyompo-
nivnux Kynemyp. Ix nouamok ma Kineyb ikcyeanu 3a makumu Oamamu. NOYAMOK — 3a MONCIUBOCTI NEPULO20 3HIMAHHS CIMUSTIUX
n100i6 6udy; Kikeyb — OCIMAHHE iX 3HIMAHHA.

Dasza cnootcusyoi cmuenocmi A. triloba — i3 Il 0exaou srcosmus 0o 1l dexadu mucmonada, M. germanica — 111 dexaoa scoemms — 111 Oexaoa
epyous, P. dulcis — Il dexaoa sepecrsi — I Oexaoa arcoemusi, P. armeniaca — I dexada éepecrsi — I dexada sicosmms, Z. jujuba — I dexada eepecriss—
1 0exada nucmonaaa, F. carica— Il dexaoa munus — Il dexada nucmonaoa, P, incarnata — I 0exaoa srcoemus— I dexada aucmonaoa, P. granatum —
111 0exaoa éepecrsa — I 0exaoa nucmonaoa, D. virginiana — I oexaoa eéepechs — 1l 0exada nucmonaoa.

3a decycmayitinoro oyinkoo 3a2anvHy AKICmb KOJNCHOL 3 5 cenexyitinux gpopm niodise Z. jujuba 6yno oyineno y 9 banie; 4-x copmis
i 3-x cenexyivinux ¢popm D. virginiana — no 7-9 6anie; 4-x copmie i 1-i cenexyitinoi ¢popmu F. carica — no 7-9 danis; 1-eo copmy ma
6-mu cenexyivinux ¢opm A. triloba — no 7-9 6anie; 2-x copmie ma 1-i cenexyivinoi’ popmu M. germanica — no 7-9 banie; 1-eo copmy
u 1-i cenexyiunoi popmu P. dulcis — no 9 oanie; 1-eco copmy P. armeniaca — y 9 6anie; 7-mu cenexyitinux ¢opm P. incarnata —
no 7-9 éanig; 2-x copmie i 1-i cenexyiunoi popmu P. granatum — no 7-9 6ais.

Bucnosok. 3a pesynomamamu nposedenux 0ocuiodcenb ynepuie 8 ymosax Xoponbcvkoeo 60maniyHo2o cady 6CMaHo8IeHo (hasu
cnoscugyoi cmuenocmi niodie 0ocaioxcysanux cyomponiunux udig. Ceped 00CHiONHCY8AHUX BUOTI8 NepUUMU HAOYBAU COXCUBYOT
cmuenocmi nnoou F. carica (Il dexaoa nunus), ocmannimu (111 0exada epyomns) nabysanu cnoxcusuoi cmuenocmi nioou M. germanica.

3a oesycmayiiinoro oyinkoro naoou 15-mu copmie i 25-mu cenexyitinux gopm 9-mu euoie (A. triloba, M. germanica, P. dulcis,
P, armeniaca, Z. jujuba, F. carica, P. incarnata, P. granatum, D. virginiana) 6ynu 006poi' i 6ucoxoi sskocmi, omoice, npuoami oJis Xap4yeanHs..
Knrwuosi cnosa: Jlicocmen Ykpainu, inmpooykyisi, RI00OHOWEHHS, CROACUBYA CIMUSTICTIb, CMAK, SKICIb NL00I6.

Introduction. Actuality. Subtropical fruit cultiva-
tion is an important branch of agro-industrial production
in many countries around the world. In the Forest-Steppe
zone of Ukraine, subtropical crops are an integral part of
the living collections in botanical gardens, where intro-
duction studies are conducted under climatic conditions
that are atypical for their natural distribution (Hryhorieva
& Klymenko, 2005, pp. 21-26; Mezhenskyi & Mezhen-
ska, 2015, pp. 118-124; Rakhmetov, 2017, pp. 8-24).

In the city of Khorol, Poltava region, subtropical fruit
crops have been studied since 1998, and for over 13 years
at the Khorol Botanical Garden, where a unique collec-
tion of subtropical fruit crops has been established, nota-
ble for both its quantity and diversity. The majority of
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the species in the collection are introduced. Among them
are: Asimina triloba (L.) Dunal, Mespilus germanica L.,
Prunus dulcis (Mill.) D.A. Webb, Prunus armeniaca L.,
Ziziphus jujuba Mill., Ficus carica L., Passiflora incar-
nata L., Punica granatum L., Diospyros virginiana L.
Their ability to bear fruit is one of the indicators of
adaptation to the new soil and climatic conditions of the
study region.

Among the wide variety of fruit crops, subtropical
species are particularly popular and provide the popula-
tion with valuable food products. The fruits of A. triloba
are prized for their high content of beneficial nutrients,
and are therefore added to various beverages, snacks,
sauces, condiments, sweets, and desserts. They pair well
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with coffee- and tea-based drinks, as well as smoothies
(Brannan & Powell, 2024, pp. 89—101), in most recipes,
they are used as an alternative to bananas (Grygorieva
et al., 2021, pp. 26-36), and for long-term storage, the
fruits are frozen (Adainoo et al., 2022, pp. 1-16). The
fruits of M. germanica are valued for their distinctive
taste and aroma, which possess important nutritional
and medicinal properties (Voaides et al., 2021, pp. 1-30;
Sadeghinejad et al., 2022, pp. 1988—1993; Mikulic-Petk-
ovsek et al., 2023, pp. 1-14). The fruits of P. dulcis have
long been used as a health-promoting food, and in recent
years, they have been gaining increasing value (Bar-
reca et al., 2020, pp. 1-22; Masihuzzaman et al., 2020,
pp. 9-14; Siddiqui & Begum, 2023, pp. 176—-182). The
fruits of P. armeniaca possess a distinct aroma, refined
taste, and high nutritional value, which contributes to the
broader cultivation of this species for increased fruit pro-
duction. Its sweet seeds serve as a valuable by-product
and are consumed both raw and roasted. Their chem-
ical composition is most similar to that of P. dulcis
(Farag et al., 2022, pp. 1-20). The fruits of Z. jujuba
contain valuable minerals and dietary fiber, which are
important indicators of healthy nutrition (Shahrajabian
et al., 2020, pp. 194-219). F. carica produces two har-
vests per year. Its fruits contain valuable bioactive com-
pounds and are consumed fresh, as well as used for the
production of dried fruits, juices, syrups, jams, and even
as additives in baked goods (Rasool et al., 2023, pp. 1-17;
Alzahrani et al., 2024, pp. 179—195; Fazel et al., 2024, pp.
1947-1968). The inner part of P. incarnata fruit is used
in food (Da Fonseca et al., 2020, pp. 1-18), as it is val-
ued for its unique taste (Stafne, 2022, pp. 919-924). The
fruits of P. granatum are consumed fresh, widely used
in the industrial production of juice, and applied in the
treatment of various diseases. In recent years, P. granatum
has received increased attention, encouraging the devel-
opment of scientifically grounded cultivation methods,
expansion of cultivated areas, and broader use in nutrition
(Qamar et al., 2018, pp. 1-6; Kandylis & Kokkinoma-
goulos, 2020, pp. 1-21; Kshirsagar et al., 2023, pp. 1-8;
Yamini et al., 2023, pp. 93—104). D. virginiana is eaten
fresh; its pulp is used to prepare pudding, cookies, cakes,
custards, and ice cream, while its ground seeds are used as
a coffee substitute (Pomper et al., 2020, pp. 4-7).
Determining the ripening stage and assessing the fruit
quality of introduced subtropical crops under new envi-
ronmental conditions is a relevant and important issue.
Research objective. To determine the ripening stage
of subtropical fruit crops from the collection of the
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Khorol Botanical Garden and to conduct their sensory
(taste) evaluation.

Materials and methods of research. The study
involved fruits of introduced subtropical crop gen-
otypes from the collection of the Khorol Botanical
Garden — 40 genotypes in total (15 cultivars and
25 breeding forms), which, in terms of taxonomic com-
position, belong to 9 species, 8 genera, and 7 families.
The research was conducted over the period
2021-2024.

Research Methods: phenological observations of fruit-
ingandripeningstagesofsubtropical fruitcropswerecarried
out on the collection and experimental plots located in the
scientific zone and nursery of the Khorol Botanical Garden.
The average date of phenological observations over the
four-year period was determined based on the most fre-
quently occurring date during those years (Tkachyk,
2016).

Morphometric studies were conducted using meas-
uring instruments such as a measuring ruler, caliper, and
laboratory scales.

Tasting evaluation of fresh fruits from cultivars and
breeding forms of 9 subtropical crop species was con-
ducted in 2024, within 3-5 days after harvest, with the
exception of F. carica, whose fruits were evaluated on
the day of harvest (Tkachyk, 2016).

The standard deviation for the data range was cal-
culated using standard spreadsheet functions (Google
Sheets), applying the formula: STDEV (X, : X)).

The coefficient of variation (standard deviation
divided by the mean) summarizes the degree of variabil-
ity as a percentage or fraction of the total. The calcula-
tion was performed according to the following formula:
STDEV (X, : X ) / AVERAGE (X, : X)).

Research results and discussion. As the fruits of
subtropical plants ripened, they developed the color,
size, taste, and pulp consistency characteristic of each
specific cultivar and breeding form. According to the
results of the study, the consumer ripeness phase of the
fruits was recorded from July to December, specifically:
from the II decade (further on d.) of July to the II d. of
November — F. carica; from the I d. of September to the
I d. of October — P. armeniaca; from the II d. of Sep-
tember to the I d. of November — Z. jujuba; from the ITT
d. of September to the I d. of November — P. granatum,
from the II d. of September to the II d. of November —
D. virginiana, from the II d. of September to the I d. of
October — P. dulcis; from the II decade of October to the
II d. of November — A. triloba; from the I d. of October
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Fig. Ripe Fruits of Subtropical Fruit Crops:

1 — Asimina triloba ‘Bananova’, 2 — Mespilus germanica
‘Hoytkhovska’,

3 —Prunus dulcis ‘Desertnyi’, 4 — Prunus armeniaca ‘Kech-Pshar’,
5 — Ziziphus jujuba Khorolskyi Large-Fruited,
6 — Ficus carica ‘Dalmatskyi’, 7 — Passiflora incarnata Ne 1,

8 — Punica granatum ‘Crimean striped’, 9 — Diospyros vir-
giniana ‘Sosnivska’

to the I d. of November — P. incarnata; from the III d. of
October to the IIT d. of December — M. germanica.

Ripe fruits of the subtropical crops (cultivars and
breeding forms) from the collection of the Khorol
Botanical Garden are shown in fig.

Table 1 presents the morphometric parameters (size
and weight) of the fruits of the studied subtropical plants,
along with their statistical calculations.

Since in multi-harvest subtropical species such as A.
triloba, M. germanica, Z. jujuba, F. carica, P. incarnate,
P. granatum and D. virginiana, the fruits within a single
cultivar or breeding form are not uniform in size, the
statistical analysis included both the largest and smallest
fruit size measurements in the sample.

An analysis of the morphometric parameters of the
subtropical crops showed that, in terms of fruit weight,
the largest fruits were observed in: A. triloba (‘Prima
1216°; 147,0-195,7 g, and Bananova; 100,5-134,4 g);
M. germanica (Large-fruited late-ripening; 16,8-25,2 g);
P. dulcis (‘Desertnyi’; 6,3-6,5 g); Z. jujuba (Khorol-
skyi large-fruited, 14,0-23,4 g); F. carica (‘Randino’,
118,0-137,0 g); P. incarnata (\e 3, 34,0-41,0 g); P. gra-
natum (‘Crimean striped’, 502,0-572,0 g); D. virginiana
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(‘Sosnivska’ (a hybrid), 46,2—-76,7 g), all other cultivars
and breeding forms showed lower values.

In terms of dimensions (length, diameter, width,
thickness), the indicators correspond to the fruit weight
of the subtropical crops. The largest sizes were recorded
in: A. triloba (Bananova — from 95 to 114 mm; 35-57;
‘Prima 1216° — 91-104; 61-68;); M. germanica (Large-
fruited late-ripening — 25-29; 34-36); P. dulcis (‘Desert-
nyi’ — 43-45; 25-27; 14-17; ®-48 — 40-42; 26-30;
17-15); P. armeniaca (‘Kech-Pshar’ — 32-34; 33-36);
Z. jujuba (Khorolskyi large-fruited — 39-48; 30-31);
F. carica (‘Randino’ — 81-97; 60-64); P. incarnata
(Ne 3 — 60-66; 51-55; Ne 2 — 60-62; 53-55; Ne 1 —
56-60; 53—65); P. granatum (‘Crimean striped’ — 91-93;
104—-112); D. virginiana (‘Sosnivska’ (a hybrid) — 42—48;
44-51).

Tasting evaluation of the fruits of subtropical crops is
presented in table 2.

Based on the results of the sensory evaluation, the
fruits of the studied subtropical species, cultivars, and
breeding forms were rated as having high to good over-
all quality. A score of 9 points was awarded to: Z. jujuba
(Khorolskyi large-fruited; 5-3-15; 5-3-17; 6-3-17;
6-3-18); P. dulcis (‘Desertnyi’; F-48); P. armeniaca
(‘Kech-Pshar’) and 7-9 points to (D. virginiana (‘Early
Golden’; ‘Prok’; ‘Mieder’; ‘Sosnivska’ (hybrid); Kras-
ava; Krasotka; Krasunia); F. carica (‘Randino’; ‘Dal-
matskyi’; ‘Crimean Black’; ‘Broonswick’; Kerchen-
skyi); A. triloba (‘Prima 1216’; Prysadybna; Bananova;
Lasunka;  Khorolska;  Furshetna;  Tsukerkova);
M. germanica (‘Hoytkhovska’; ‘Haidegger’; Large-
fruited late-ripening); P. incarnate (Ne 1; Ne 2; Ne 3;
Ne 4; Ne 5; Ne 6; Ne 7); P. granatum (‘Crimean Striped’;
‘Ak-Dona’; Soft-seeded).

Conclusions. Based on the results of the con-
ducted research, the consumer ripeness phases of the
studied subtropical species were established for the
first time under the conditions of the Khorol Botani-
cal Garden. Among the studied species, the earliest to
reach consumer ripeness were the fruits of F. carica
(IT decade of July), while the latest were the fruits of
M. germanica (111 decade of December).

According to the tasting evaluation, the fruits of
15 cultivars and 25 breeding forms across 9 species
(A. triloba, M. germanica, P. dulcis, P. armeniaca,
Z. jujuba, F. carica, P. incarnata, P. granatum, D. vir-
giniana) were found to be of good to high quality, and
therefore suitable for consumption.
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Table 2
Sensory/Tasting Evaluation of Subtropical Fruit Crops from the Collection of the Khorol Botanical Garden
. . Points
N Cultivar / Breeding Form Size External Appeal Taste Qualities Overall Quality
Z. jujuba
Breeding form:
Khorolskyi large-fruited 9 9 7 9
1. 5-3-15 7 7 9 9
=317 7 7 9 9
6-3-17
6-3-18 ! ! 2 2
7 9 9 9
D. virginiana
‘Early Golden’ 9 9 9 9
‘Prok’ 9 9 9 9
‘Mieder’ 7 7 7 7
2. ‘Sosnivska’ (hybrid) 9 9 9 9
Breeding form:
Krasava 7 7 7 7
Krasotka 7 7 7 7
Krasunia 7 7 7 7
E carica
‘Randino’ 9 9 9 9
‘Dalmatskyi’ 9 9 9 9
3. ‘Crimean Black’ 7 9 7 7
‘Broonswick’ 9 9 9 9
Breeding form:
Kerchenskyi 7 7 9 9
A. triloba
‘Prima 1216’ 9 9 9 9
Breeding form:
Prysadybna 7 9 7 7
4. Bananova 7 9 9 9
Lasunka 7 9 9 9
Khorolska 7 9 7 7
Furshetna 7 9 7 7
Tsukerkova 7 9 7 7
M. germanica
‘Hoytkhovska’ ; ; g 3
5. ‘Haidegger’
Breeding form:
Large-fruited late-ripening 9 9 ! 9
P. dulcis
6 ‘Desertnyi’ 9 9 9 9
) Breeding form:
F-48 9 9 9 9
7 P. armeniaca
) ‘Kech-Pshar’ 7 9 9 9
P. incarnata
Breeding form:
Ne 1 7 7 9 9
Ne 2 9 9 7 7
8 Ne 3 9 9 9 9
Ne 4 7 7 7 7
Ne 5 7 7 7 7
Ne 6 7 7 7 7
Ne 7 7 7 9 9
P. granatum
‘Crimean Striped’
9. ‘Ak-Dona’ ? g g ?
Breeding form:
Soft-seeded 7 7 9 9
= 168 ®itorepanis. Yaconuc Ne 2, 2025
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