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Physalis peruviana L.
production in conditions
of the Crimean southern
sea shore

ABSTRACT

Intensive climate changes entail the possibility of effective introduction of some tropical plants in
the northern hemisphere. Introduction of Physalis peruviana, Indian selection, along the Crimean
southern sea shore in 2022-2024 revealed the perennial growth character of plants, fully flowering
since the first decade of June, starting fruiting in late June, full fruit ripening in the second decade
of July, and the possibility of partial ovaries shedding during the period of high temperatures (27-
30°C) from mid-July to August. In the mentioned conditions, fruits, leaves and calyx showed high
antioxidant status. The efficiency of different extraction methods in polyphenol determination gen-
erated high prospects of dry fruit, leaves and calyx extraction with 70% ethanol at 80 oC compared
to the application of water, 50% methanol and 98% ethanol extraction at room temperature. The
fruits demonstrated similar values of the ascorbic acid (48.5 mg/100 g f.w.), mono- and di-saccha-
ride (35 and 51% per d.w.) content, and higher levels of dry matter (20.2%), phenolics (21.2 mg
GAE/g d.w.) and carotenoids (4.51 mg/100 g f.w.), compared to the Colombian fruit randomly sam-
pled at the local supermarket, but had significantly lower values of fruit titratable acidity (49.0 com-
pared to 86.2 mg-eq citric acid/g d.w.). Mineral composition of plants revealed typical Fe, Zn, Cu,
Mn and Co distribution between fruit, leaves and calyx with calyx being the richest source of Fe
(288.7 mg/kg d.w.). The results indicate high prospects of P. peruviana cultivation in Crimea.
KEYWORDS:

Physalis; territory product innovation; nutritional value, antioxidants; microelements
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[1poM3BOACTBO
Physalis peruviana L.

B YCIMOBUAX KYNbTYpbl
tOxHoro bepera Kpbima

PE3IOME

WHTeHCMBHOE M3MEHeHWe KnuMaTa 6naronpusiTCTBYeT MHTPOOYKLUU HOXKHBIX PacTeHun B Gonee
ceBepHble permoHbl. UHTpoaykuums nepyaHckoro dusanuca Physalis peruviana, uHouinckom cenek-
LMK Ha toxxHoM nobepexbe Kpbima B 2022-2024 BbisiBUNa, YTO pacTeHus BeayT cebs kak MHoronet-
HUe, C Ha4anoM MaccoBOro LiBETEHMSA C NepBON JAeKafbl MIOHSA, Hayane NioAOHOLIEHUS C KOHLA
MIOHS, MOJTHOTO CO3peBaHUs NIOAOB CO BTOPOM AeKadbl MIONS, a Takke YCTaHOBNIEHa BO3MOX-
HOCTb YaCTUYHOIO Onaja COLBETUI B Nepnop BbICOKUX Temnepatyp (27-30°C) co cepeamnHbl ions
no aBrycra. [nogbl, MMCTbA M YEXITUKW NNOAOB PACTEHMM, BbipalLeHHbIX B ycnoBusx Kpsima npo-
SIBNANN BbICOKYH aHTMOKCUAAHTHYI0 akTMBHOCTb. [poBeaeHa oueHka 3¢pdheKTMBHOCTM pa3nuny-
HbIX YCNOBWW 3KCTpaKUuMM Ha copepxaHue NonuceHOrNoB B MNogax, NIMCTbAX M YexmuKax.
HauGonee Bbicokue nokasarenu copepaHusi nonucdeHomnoB Gbiny nonyyeHbI NPU UCMONb30Ba-
HUM NpefBapUTENIbHO BbICYLLEHHBLIX 06pa3LoB 1 akcTpakumm 70% aTunosbiM cnuptom npu 80°C B
TeYeHue Yaca No CPaBHEHMIO C NPUMEHEHNEM AUCTUNNUPOBaHHOM Boabl, 50% MeTaHona u 98%
3TaHona npv KOMHaTHOM Temnepartype. CoaepxaHue aCKOpOMHOBOW KUCHOTbI B NNTOAAX KPLIMCKO-
ro comsanuca u Konymouickoro U3 cynepmapketa 6b1nm cxopaHsb! (48.5 mr/100 r cbipoi M.), Tak xe,
KaK U copepxaHue MOHO- 1 au-caxapoB (35 u 51% cyxoi M.), ogHako, KpbIMCKUIA husanuc xapak-
Tepu3oBancsa 6onee BbICOKUM copepiaHuem cyxoro Belectsa (20.2%), nonuderonos (21.2 mr-
3kB K/ cyxom m.) n kapoTuHonzoB (4.51 mMr/100 r cbipoi Macchbl), B TO BpeMsl KaK ypoBeHb TUTpye-
Mol kucnotHocth B Kpbimckom domsanuce coctaBun 49.0 Mr-akB. NUMOHHOW KUCTOTHIT CyxoM
Maccbl MO CpPaBHEHUIO C 86.2 Mr-3KB JIMMOHHOW KMCNOTLIr cyxon Macchbl ana Konymbuickoro
¢usanuca. AHanu3 MUHepanbHOro cocTaBa NNoAoB, NMMCTLEB U Yexnuka ¢usanuca (Fe, Zn, Cu,
Mn u Co) BbISiIBUNO aHOManbHO BLICOKOE COAEpXKaHMe Xeresa B Yexmmkax nnopoB (288.7 mr/kr
cyxoi Macchbl). lonyyeHHble pe3ynbTaTbl CBUAETENILCTBYHOT O NEPCMNEKTUBHOCTM BbipalLUBaHUs
P. peruviana B OTKpbITOM IPyHTE Ha KXHOM nobepexbe KpbiMa.

KNOYEBBIE CJIOBA:

Physalis; HHOBaLMOHHLIN NPOAYKT, aHTUOKCUAAHTbI; MUKPO3NEMEHTbI
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1. Introduction

ysalis peruviana L. belongs to the Solanaceae family and

is highly valued for the unique biochemical composition,
high antioxidant activity and high levels of carotenoids, vitamin C,
polyphenols, protein, and dietary fiber [1-3]. Colombia, Kenia,
Zimbabwe, Australia, New Zealand, India, and Ecuador are the
most important Physalis producers in the world, though high level
of adaptability of these plants allows to effectively grow them in
other countries, such as Peru, Portugal, USA, Brazil, Venezuela,
Countries of the Central America, Egypt, Indonesia, Israel, and
Great Britain. P. peruviana is actively cultivated in Turkey [4,5].

BREEDING, SEED PRODUCTION AND PLANT BIOTECHNOLOGY

Agriculture, India, in 2022-2024 from May to October at the
experimental open field of Nikitsky Botanic Garden, situated at
the shore of the Black Sea (44°31' N., 34°15' E, 200 m above
sea level), characterized by a Mediterranean-type dry subtrop-
ical climate, with a mean year temperature of 13.5+1.5°C and
average daily temperature above 5°C from the beginning of
March to the end of October (Table 1). The experiment was
carried out in an agro-brown, slightly carbonate, light clay soil
with 3.0% humus, 5.4% carbonates and pH of 7.8. The annual
precipitation reached 560-619 mm with a typical predominance
in winter-spring period.

Table 1. Mean temperature and total rainfall during the experiment
Tabnuya 1. CpedHeMecsiyHbIe meMnepamypbl U Koluyecmeo ocadkoe 8 meqeHue IKcnepuMeHma

2022 2023 2024
Month Mean Rainfall Mean Rainfall Mean Rainfall

temperature (°C) (mm) temperature (°C) (mm) temperature (°C) (mm)

May 14.9 245 15.7 92.3 14.4 5.9
June 229 83.5 20.9 73.0 23.6 40.4
July 243 223 24.2 20.6 28.5 17.7

August 26.0 20.4 27.2 4.0 25.8 3.1
September 19.6 12.1 22.0 0.4 25.8 64.7

In tropical areas, Physalis is a perennial plant, contrary to the
continental climate where it is an annual plant. P. peruviana was
successfully grown in greenhouse conditions in Czech Republic
[6,7] with the ascorbic acid reaching 66-102 mg/100 g f.w. and
flavonoids 405-526 mg/100 g.

Due to high antioxidant activity, Physalis peruviana L. pro-
vides high human antioxidant status due to the consumption of
polyphenols, flavonoids, tannins, alkaloids, vitamins C, B3, B6,
phytosterols, vitanolids, and physalins. P. peruviana fruit
record significant antimicrobial activity against gram-positive
and gram-negative bacteria, anti-fungal activity against
Aspergillus niger and Candida albicans [8], and anti-carcino-
genic activity against lung cancer cells A549, and Caco-2 cells
of colon adenocarcinoma [9]. Powerful anti-carcinogenic
activity is demonstrated for B-carotene, vitamins C and P,
vitanolids and physalins, the latter recording also anti-inflam-
matory, anti-microbial, immunomodulatory, and anti-parasitic
properties. Leaves, stems and all plant showed cytotoxic and
anti-proliferative effect on different cancer cell lines, such as
colon, lung, breast and liver [10-14]. P. peruviana L. fruit calyx
is successfully used in traditional medicine due to its anti-car-
cinogenic, antimicrobial, antipyretic, diuretic, anti-inflammatory,
and immunomodulatory properties [15]. Fruits are rich in Fe,
Ca, Cu, Mn, P, and Zn [16,17].

Physalis biometrical and biochemical characteristics are gov-
erned by genetic factors, growth conditions, sowing data, and
greatly depend on growth stimulators supply [18-21]. Climate
change is another important factor affecting cultivation efficiency
especially in temperate conditions.

The present investigation was aimed at evaluating the effi-
ciency of P. peruviana cultivation in conditions of the Crimean
southern sea shore using Physalis seeds produced by the Indian
breeders.

2. Materials and Methods

2.1. Growing Conditions and Experimental Protocol

The research was conducted on Physalis peruviana acces-
sion, provided by the Veer Kunwar Singh College of

Sowing was practiced on 11 May. The results were
expressed as means of the three-year data. The morphological
determinations were performed on 10 plants per replicate.

At the level of the productive moisture >40 mm, watering was
achieved once a week from May to June. In July-August water-
ing was practiced twice a week according to the production
moisture level of 20 mm. Fertilizers were not supplied during the
vegetation period, while in Autumn organic mineral fertilizer
‘Cherny Zhemchuk’ was applied at a dose of 15 g/m?. The chem-
ical composition of the Fertilizer is presented in Table 2.

Table 2. Chemical composition of ‘Cherny Zhemchug’ Fertilizer
Tabnuya 2. Xumuyeckuli cocmae ydobpeHusi YepHblil Xemuye

Parameter Concentration
(MapameTp) (KoHueHTpauus), %
Organic matter >70
(OpraHuyeckoe BeLecTBO)
SiO, 7.48-12.98
Fe,03 4.36-5.23
CaO 3.65-4.45
MgO 1.29-2.12
K,0 2.85-3.5
Nay0 0.23-0.59
P205 0.06-0.12
SO, 0.14-0.30
Total N 0.35-0.77
ey
(Bo.qvt\),:taexrc:gl)upbv!;:ﬁ B) 0.30-0.50
pH 8.0
Water content <7-10

(copepxaHue Bnarm)
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This investigation was carried out in accordance with the
introduction and selection testing methodology of aromatic and
medicinal plants [22]. Morphometric determinations of leaves
and fruit were performed using light microscope MSP-1. PC
ImageTool v. 2.03 UTHSCSA was used for the metric parame-
ters testing.

2.2. Sample Preparation

After harvesting leaves and fruit were separated and individ-
ually weighed. The samples were homogenized, and fresh
homogenates were used for the determination of the ascorbic
acid. Sample aliquots of leaves and fruit were dried at 70°C to
constant weight and used for the determination of total polyphe-
nol content (TP), and mineral composition.

2.3. Biochemical and Elemental Composition Analyses

2.3.1. Ascorbic acid (AA)

The ascorbic acid content was assessed using the manual
titration method based on the interaction of the ascorbic acid
with sodium 2,6-dichlorophenol indophenolate (Tillman’s
reagent) [23].

2.3.2. Total Polyphenols (TP)

Total polyphenols were determined in 70% ethanol extract
using the Folin—Ciocalteu colorimetric method as previously
described [24]. Half a gram of dry physalis homogenates of
leaves and fruit were extracted with 20 mL of 70% ethanol at
80°C for 1 h. The mixture was cooled down and quantitative-
ly transferred to a volumetric flask, and the volume was
adjusted to 25 mL. The mixture was filtered through a filter
paper, and 1 mL of the resulting solution was transferred to a
25 mL volumetric flask, to which 2.5 mL of saturated Na,CO3
solution and 0.25 mL of diluted (1 : 1) Folin—Ciocalteu reagent
were added. The volume was brought to 25 mL with distilled
water. One hour later the solutions were analyzed through a
spectrophotometer (Unico 2804 UV, Suite E Dayton, NJ,
USA), and the concentration of polyphenols was calculated
according to the reaction mixture absorption at 730 nm. As an
external standard, 0.02% gallic acid was used. The results
were expressed as mg of gallic acid equivalent per g of dry
weight (mg GAE g-1 d.w).

2.3.3. Carotenoids

Determination of carotenoid content in physalis fruit was
achieved spectrophotometrically after chromatographic separa-
tion of carotenoids [24]. Half a g of homogenized fruit was
extracted with small portions of acetone until color disappear-
ance. The combined extract was diluted with 9 mL of hexane
and washed 4-5 times with distilled water to remove traces of
acetone. The residual extract was quantitatively transferred to a
volumetric flask, and the volume was adjusted to 10 mL with
hexane. The resulting extract was mixed, filtered through a small
portion of anhydrous Na,SO, and subjected to the analysis. The
separation of carotenoids was achieved using quantitative thin-
layer chromatography on Whatman 3A chromatographic paper
in hexane—acetone, 10 : 0.5. Appropriate zones of carotenoid
compounds were cut out and extracted with 3 mL of hexane. The
determination of carotenoid content in physalis fruit was per-
formed using appropriate specific absorption E'¢ ¢n for (-
carotene (2580 at A = 450 nm), and lutein (2560; A = 447 nm)
through a spectrophotometer (Unico 2804 UV, Suite E Dayton,
NJ, USA). The internal standards were B-carotene and lutein
from Sigma Inc. (Japan).

2.3.4. Sugars

Monosaccharides were determined using the ferri-
cyanide colorimetric method, based on the reaction of
monosaccharides with potassium ferricyanide [25]. Total
sugars were analogically determined after acidic hydrolysis
of water extracts with 20% hydrochloric acid. Fructose was
used as an external standard. The results were expressed
in % per dry weight.

2.3.5. Titratable acidity (TA)

Titratable acidity was determined by titration of a water
extract with a 0.1 M NaOH solution using a ionomer Expert-
001 (Econix corp., Russia) and phenolphthalein as an indi-
cator. The results were expressed as percentage of citric
acid [26].

2.3.6. Nitrates

Nitrates were assessed using an ion-selective electrode
on ionomer Expert-001 (Econix Inc., Russia). One gram of
fresh physalis leaves was homogenized with 50 ml of dis-
tilled water. Forty-five ml of the resulting extract were
mixed with 5 ml of 0.5 M potassium sulfate background
solution (necessary to adjust the ionic strength) and ana-
lyzed through an ionomer for nitrate determination.

2.3.7. Total Dissolved Solids (TDS)

TDS was determined in water extracts using TDS-3 con-
ductometer (HM Digital, Inc., Seoul, Korea) and expressed
in mg kg-1 d.w.

2.3.8. Mineral composition

The determination of element contents (Co, Cu, Fe, Mn,
Zn) in plants was conducted in triplicate on the dried,
homogenized, mixed samples using atomic absorption
spectrometry on Shimadzu GFA-7000 spectrophotometer
(Shimadzu, Kioto, Japan) after sample digestion under the
temperature increase from 20 up to 425°C and appropriate
solution of the residue in 3% HNO3; [27].

2.4. Statistical Analysis

All determinations were done in triplicate. The data were
processed by the analysis of variance and mean separa-
tions were performed through Duncan’s multiple range test,
with reference to 0.05 probability level, using the SPSS
software version 29 (Armonk, NY, USA). Data expressed
as percentages were subjected to angular transformation
before processing.

3. Results and Discussion

3.1. Temperature trends

Significant warming has been typical for the last years.
Indeed, comparison of the sum of effective temperatures dur-
ing the experiment with the long-term average values indicated
dramatic changes of the values especially significant in spring
and the beginning of summer (Table 3, Fig. 1).

In these conditions the first Physalis shouts appeared on
26 May, most of shoots on 30 May, full fruiting phase since
30 August. Plant height at this stage of development
reached 82-89 cm accompanied by a full plant flowering.
Plant generative development lasted up to the middle of
October. In 2024, the phenophase of general regrowth of
perennial plants began on 15 May.

[ 18]
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Table 3. The sum of effective temperatures >10°C during the P. peruviana vegetation period of 2023-2024
Tabnuya 3. Cymma agppekmueHbix memnepamyp >10°C e nepuod eezemayuu P. peruviana e 2023-2024)

Long-term average value The sum of effective temperatures

Month Decade YcpeaHeHHble (cymma adpheKTMBHbIX TeMnepaTyp)
mecsay Dekapa LONITOBpEeMEeHHbIe
nokasatenu) 2023 2024
April SE 30 80 216
1 74 110 266
May 2 134 165 308
SE 220 234 410
1 314 371 540
June 2 428 509 677
3¢ 551 619 817
1 684 765 1002
July 2 825 900 1213
3¢ 992 1062 1386
1% 1147 1229 1538
August 2" 1291 1377 1701
S 1435 1559 1877
1 1541 1672 2009
September 2" 1636 1779 2135
3¢ 1712 1850 2252
S 1 1771 1924 2337
2" 1811 1966 2379

in field conditions P. peruviana maintains a perennial type of
development. Plants of the 3rd year form annual shoots which
become semi-woody in its lower tier. Plant height reached 82 cm
at the third year of vegetation with the value 77.2 cm correspon-
ding to the mean value of the three-year experiment. The length
of the renewal shoots reached 68-73 cm (Table 4). During
growth and development P. peruviana stem branched and up to
7 well- developed generative shoots were formed on the bush
(mean value is 5.3).

In conditions of the Crimean southern sea shore the
phenophase of mass flowering begins in the first decade of
June, the beginning of fruiting — from the end of June; mass fruit
ripening — in the second decade of July. Temperature greatly
affects the growth and development of plants. Biological peculi-
arities of P. peruviana indicate that it belongs to the short day
plants. At the Crimean southern sea shore in the middle of July-
August in conditions of high temperature (27-30°C) the physalis
vegetation period and the period of fruiting expand. The lower
fruit located in the places of initial stem branching ripen first fol-
lowed by fruit on the periphery of the bush. Signs of fruit ripen-
ing are the lightening and drying of the calyx as well as the fruit

— 2023 - g 2024

Mean Temperature (% to long-term value)

-
-
el T .

""ﬁd—o-p—p-t--v—-o - . . . .
L—*I ettt acquiring the color characteristic of the variety. Ripe fruit mostly
6 7 8 9 10 11 12 13 14 15 16 17 18 fall off and in dry weather may remain fresh for up to 10 days. As
a result, the period of generative development and fruit ripening
Decade/month

continued in the Mediterranean climate of the Crimea until the
end of October.
P. peruviana, due to its sweet fruit and its economically valu-

Fig. 1. Dynamics of the sum of effective temperatures
at the Southern shore of the Crimea in 2023, 2024
Puc. 1. JuHamuka uameHeHus1 nokasamersisi 3¢hgheKmueHbIX

memnepamyp Ha I)XKHOM nobepexse Kpbiva e 2023, 2024)

3.2. Morphological parameters

The levels of resistance and plasticity of plants to specific
growth conditions are governed by plant vitality, morphological
parameters of the main reproductive organs, and yield in the
annual cycle of growth and development.

In conditions of dry subtropical climate of the southern
Crimean sea shore morpho-biological parameters revealed that

able characteristics, belongs to the group of berry Physalis. At
the stage of ripening, fruit is juicy yellow round, 16.5-24.7 mm
diameter (mean value 20.03 mm), and 3.05-6.26 g weight (mean
value 4.36 g), with the number of seeds from 133 in small fruits
to 145-213 in the large ones (Table 4). The latter parameters of
the Crimean P. peruviana were 1.8-2.2 times lower than those
recorded in Kenia, Colombia and South Africa which may be
attributed to different ecotypes and environmental conditions
[28].

[ 19]
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Table 4. Morphological parameters of the Physalis peruviana L. in conditions of the Crimean southern sea shore
Tabnuya 4. Mopghoniozuyeckue nokazamesnu pacmeHull gpusasnuca nepyaHckoz2o 8 ycriosusix KoxHozo 6epeza Kpbima

Parameter

(napameTp) MtSD CV (%) Minimum Maximum
(MZéigtp";i::;lﬁ,)’ ) 628.8+128.0 203 4382 805.4
(Bbf(!ﬁ?g *,‘,Z‘ET“JH‘:,’.',‘ )cm) 772431 4.0 73 82
(Konu:z:geszorfegz;:;;t;‘r’iilih::éseros) 53413 245 3 7
i S O A ] 326¢50 153 2 2
(Mlz;gg; ﬁi?rite(g, ?fpra'zléme) 319.2£54.8 17.2 236.6 395.0
(Ypom:ﬁbuoggrir?ll;:genr]l:isﬁynilzlgcg:? {(r:;ggi)'reuue) 1.98:0.23 17.9 1.72 240
(% og:,',‘:g:e‘,;’{:{,m) 51.142.3 45 478 54.3
(Hlﬁﬁ‘m tsiuz;c) 135:0.9a 6.7 125 152
Leaf length (cm) - -
Anuna nucta (cm) (B::)I)Q(lnza tsluiryc) 107416 15.0 6 127
Leaf width (cm) (HIVI’::'V:‘;' 2‘:’;6) 13411 82 g e
LWinpuna nucta (cm) (B:Iplg:ﬁ:l t;iliryc) 9.2+16 174 7.3 11.1
Leaf surface area (cm?) (HI‘;’?(‘*"V:‘I’" 2;;0) 160.8£34.5 28 1130 2402
(MoBepxHocTL nucTa, cM?) (BerigL\:a t;:)ry 0 82.1£26.4 32.2 54.2 1203
Petiole length (cm) (Hlﬁ)?(:'v:';'l t’ig;c) 6908 k6 3.5 8.0
(Onuna yepewka, cm) (B:Ipig:::a t;i::)fyc) 3.5¢1.4 40.0 2.1 5.8
5;‘:;3;7,";;‘3;;"13& 20.03+2.68 13.4 165 247
(nnomgpl’tti;g:loesps;ﬁgtrig 'lilqaeile:ﬂ(ﬁw;).qa cm?) 3.02£0.61 20.2 2.44 4.16
(Hacen o), 4.36+0.88 202 347 6.26
(S:c'ié Y.”:x‘%';‘KS?’r) 0.2920.04 13.8 0.20 0.36
L S AT e 1221436.9 30.24 % 213
"(Macea 1000 counm, o 1192002 168 117 121
(;;::aliggntgﬂsnmmn) 208017 8.2 18 24
R =t el 1642014 85 15 20
Seed cross-sectional area (mm?) 2 78+0.45 16.2 22 a6

Mnowaab NONepeyHoro CeYeHUs CeMeHn, MM?

Lack of significant differences in leaf size and fruit weight was
indicated between the Crimean and Indian Physalis plants [18-
20]. On the other hand, literature data indicate the possibility of
a significant fruit size and yield improvement due to the growth
stimulator utilization [18].

P. peruviana leaves are cordate-shaped, developed on
renewal branches and shoots differing 1.6-2 times by their size
between the lower and higher tiers. The largest leaf surface was
recorded at the lower tire of the renewal shoots reaching 240
cm2 compared to 120 cm? surface of leaves from the branching
shoots of the lower tire (Table 4). Leaf shrinkage coefficient

reached 4.85-5.10. According to literature data P. peruviana
leaves and stems record cytotoxic and anti-prolipherative effects
on different cell lines, such as colon cancer cells, chronic
myeloid leucosis, lung, breast and liver [10-13].

Physalis calyx is also highly valued both in human health
maintenance and plant development. These fused sepals pro-
tect fruit from unfavorable climatic conditions from the moment
of fruit formation to fruit development and ripening. Its weight
composes only 6.65% of fruit weight at a mass ripening stage
(less than 0.3 g). During the first 20 days of fruit development
calyx supplies fruit with carbohydrates [29].
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GAE/g d.w.) [38], Peru (4.15 mg GAE/g d.w.) [33], and Northern
Chili, Atacama desert (4.43 mg GAE/g d.w.) [8].

Samples of the Crimean physalis and physalis fruit obtained
from the local supermarket (Colombia origin) recorded signifi-
cantly higher levels of the polyphenol content (Table 5). Such an
inconsistancy may be connected with the fact that polyphenol

3.3. Biochemical characteristics

3.3.1. Fruit quality

The most important physalis fruit characteristics are antioxi-
dant parameters, mono- and disaccharide, and carotenoid con-
tent (Table 5).

Table 5. Physalis fruit quality parameters (means of the 2023-2024)
Tabnuya 5. [Mokazamenu ka4ecmea nnodoe ¢huszanuca, cpedHee 3a 2023-2024)

Nikitsky Botanic Garden

Hukutckui 6oTaHMyYeckun cag
Parameter

(Mapametp)

Columbia (imported fruit)
Konymbus, nmnopt

MSD Concentration range

?c'}’x?:ﬁgﬂl(;{;)m ) 2024192 18.3- 221 17.75¢10 2
mvmﬁgﬂfu ((.!-I'?),(:l‘l?-aiﬁ'llglrd é“;;zov'l macchbl) 2z IRk Izl
Fg;:::riig;;mgn:lﬁ:? I?t:aeet:)rll.:chv‘l:va{l)r CyXo0M Macchl) =l Uk Uit

;I'géau::: ?gzggiggumggggguﬁwma, mr/100 r cbipoi Macchl) 4511031 4.20-4.81 3.0410.30b
é:lt;)%?i;aactﬂgl)(mgﬂoo g f.w.) (AckopbuHoBas kucnota, mr/100 r 485435 a 45.0-52.0 47.0437 a
A A L DT e el 49320 458-522 821662
Monosaccharides (% per d.w.) (MoHocaxapa, % Ha cyxoii Bec) 3513.0 a 33.0-38.0 30.4£29a
Total sugar (% per d.w.) (O6wui caxap, % Ha cyxoi Bec) 51x39a 47.2-55.0 45.614.1 a
e e
Nitrates (mg/g d.w.) (Hutpatbl, Mrir cyxoii Macchbl) 2810.1a 27-29 1.240.1b

Values in lines with similar letters do not differ statistically according to Duncan test at p<0.05 3HaueHus 8 psidax ¢ 00uHaKo8bIMU UHOEKCaMu

cmamucmuyecKu He pa3rnuyaromes coenacHo mecmy [yHkaHa ripu p<0.05.

Values presented in Table 5 indicate high content of the
ascorbic acid, polyphenol, carbohydrates, and high total antioxi-
dant activity of Physalis fruit which is in accordance with the lit-
erature data [14]. Thus, vitamin C concentrations were close to
the values described for physalis fruit of India [30,31], Argentina
[32], and Peru [33], though according to the Kumar data [19] the
ascorbic acid biosynthesis may be enhanced at least by 17% in
Physalis fruit under growth stimulator supply.

Contrary, total sugar content in the Crimean Physalis was
more than 1.5 times lower than the values described for the Peru
physalis fruit (75-85% d.w.) [33]. The latter phenomenon may
relate to significantly higher altitude of plant growth in Peru
(>3000 m above the sea level) compared to the Nikitsky Botanic
Garden (200 m above the sea level) as well as significant differ-
ences in plant ecotypes.

3.3.2. Polyphenol content

P. peruviana provides a wide spectrum of polyphenols,
including gallic, p-cumaric, hydroxybenzoic acids, and kaem-
pherol. These compounds increase glucose tolerance and
antioxidant status of diabetic rats, decreasing the level of oxida-
tive stress in brain [34,35]. According to literature data, mean
levels of polyphenols in P. peruviana fruit vary from 0.3 mg
GAE/g d.w. in Poland [36] to 7.3 mg GAE/g d.w. in Turkey [37]
and with intermediate values typical for Portugal (0.4-0.6 mg

levels in plants may be greatly affected by environmental factors,
genetics, and the chosen method of the extraction conditions
[39]. Thus, to explain the obtained phenomenon of great dis-
crepancy between the present results and physalis polyphenol
levels published earlier special investigation has been achieved
based on a comparison between different extraction methods
both on dried and fresh physalis fruit.

3.3.3. Effect of extraction conditions

on the results of the polyphenol (TP) levels

Optimization of polyphenol analysis for different plant
species and organs solicits the necessity of the develop-
ment of individual extraction conditions for the provision of
maximum extraction efficiency. The complexity of the prob-
lem, intensively discussed by numerous authors [40,41],
includes the possibility of polyphenol degradation both
under elevated temperature and as a result of significant
duration of the extraction process at moderate tempera-
tures due to enzymatic degradation, enhancement of the
determined polyphenol levels by virtue of polyphenol com-
plexes decay, and deactivation of the enzymes during heat-
ing. Besides, solvent polarity greatly affects the efficiency
of polyphenol extraction depending on the chemical struc-
ture of the target compounds, while small sampling size
arises the problem of probe representativity confirming
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great advantages of dry fruit power utilization compared to
fresh samples. Most of the published physalis data was
obtained on fresh fruit homogenates with the determined
concentration range of 0.3-7.3 mg GAE/g d.w.
[2,33,36,37,42,43]. Guine et al. [38] demonstrated signifi-
cant variations in the results of polyphenol determination in
physalis fruit under water, acetone, and methanol supply
for the extraction. Taking into account the high toxicity of
methanol and acetone, diluted ethanol at 80°C was used in
the present investigation as the main modification of the
extraction process. The efficiency of 50% methanol, water,
and 98% ethanol extract utilization at room temperature
was also evaluated for a comparison. And all the analyses
were achieved on dry and fresh physalis fruit.

The data presented on Fig. 2 indicate several peculiari-
ties of polyphenol analysis.

H20

50% MeOH

70% Et0H,20°C

%EtOH 80°C
a
| €
o _'—»h
L T T T
0 5 10 15
Bdry Ofresh

Polyphenol content (mg/g)

Fig. 2. Fruit polyphenol levels before and after sample drying at 70°C.
For each target (dry-fresh) values with similar letters do not differ sta-
tistically according to Duncan test at p<0.05
Puc. 2. YpoeHu nonugpeHosos, nosty4eHHble 6e3 u rnocsie ebicyuwiu-
eaHus1 obpa3uyoe npu 70°C. 3Ha4yeHuUs1 ¢ 0OUHaKO8bIMU UHOeKcaMu
On1s cyxXux u ceexux obpa3yoe cmamucmuyecku He pa3siuyaromcs
cozasiacHo mecmy [yHkaHa npu p<0.05

Thus, except 98% ethanol, all solvents used for the
extraction provided significantly higher levels of polyphe-
nols for dry fruit powder compared to fresh fruit with the
highest levels typical for 70 % ethanol both at 80°C and
room temperature. High polarity of water and 50%
methanol extracts recorded lower values of polyphenol
content in dried fruit compared to 70% ethanol, while fresh
homogenates were characterized by relatively close values
of phenols. Supposedly, the beneficial effect of the prelim-
inary fruit drying is connected with the deactivation of the
enzymes participating in polyphenol degradation. Contrary,
98% ethanol application provided higher polyphenol levels
in fresh fruit compared to preliminary dried ones.

Comparison of the results for the physalis fruit with
those obtained for dry leaves and calyx revealed even
higher differences in the results of polyphenol determina-
tion depending on the chosen solvent (Fig. 3). The data
presented on Figure 3 indicate that application of 70%
ethanol for polyphenol extraction of physalis leaves under
elevated temperature provided the best results with the
polyphenol concentrations decreasing according to: 70%
ethanol, 80°C > 70% ethanol, 20°C > 50% methanol > water
> 98% ethanol.

H,0 E i

50% MeOH

70% EtOH 20°C
a
T0%E+OH 50 °C *
i a
L e
98%EtOH
c

0 5 10 15 20 25 30

Polyphenol content (mg/g.)

[ calyx [ leaves [ fruit

Fig. 3. Effect of extraction conditions on polyphenol levels
in fruit, leaves, and calyx of Physalis peruviana.
For each organ values with similar letters do not differ statistical-
ly according to Duncan test at p<0.05

Puc. 3. BnusiHue ycnioeuli akcmpakyuu Ha codepxaHue
nonugpeHonoe 8 niodax, nucmesix u Yexnukax Physalis

peruviana. [insi kaxdo20 op2aHa 3Ha4eHuUsi ¢ 0OUHaKo8bIMU

UHOeKcaMu cmamucmu4ecKu He pa3/iuyaromcsi co21acHo
mecmy [AyHkaHa npu p<0.05

As far as calyx is concerned, phenolic levels in this organ
were only slightly lower than the appropriate concentrations in
fruit preserving the same tendency of the concentration
decrease from the highest in case of 70% ethanol (80°C) to the
lowest for 98% ethanol application. These results confirm that
the utilization of elevated temperature during the extraction with
70% ethanol on dry physalis fruit, leaf and calyx homogenates
suits the demands of obtaining high yield of polyphenols and is
in accordance with the known relative stability of polyphenols in
these conditions for certain objects [40].

3.3.4 Carotenoid profile

The total carotenoid content in physalis fruit was usually char-
acterized by the predominance of beta-carotene [33] with the
rather wide range of concentrations 1.12-4.00 mg/100 g f.w.
[2,33, 36,42, 43]. In general, according to literature data, the
number of carotenoids in physalis fruit reaches 45 [42] including
lutein, B -cryptoxantine, (- and a-carotene [36]. The ripening

3 2 1 1]

(<2
/ Rf 0.9

o

B- carotene

Rf0.1

lutein

Fig. 4. Carotenoid composition
of Physalis peruviana fruit. TLC: Chromatographic paper
Watman 3A; hexane : acetone, 10:0.5
Puc. 4. KapomuHouOdHbIli cocmae nnodoe Physalis
peruviana.TCX: xpomamozpaguyeckass 6ymaza
BammaH 3A, 2ekcaH: ayuemoH,10:0.5
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process is characterized by the conversion of lutein to beta-
carotene [33].

Carotenoid content and carotenoid profile in the physalis fruit
is governed to a large extent by fruit maturity and carotenoid dis-
tribution between peel, pulp, and calyx [2,43]. Thus, according to
literature data, the main physalis carotenoids are beta-carotene
and lutein with the highest content of beta-carotene for mature
fruit and thrice higher concentrations in peel, where lutein pre-
vails. The highest level of lutein was recorded in salyx [2].

The present results indicate the predominance of only two
carotenoids: B-carotene and lutein in the Crimean physalis fruit
(Fig. 4) with the total carotenoid level 1.51 times higher com-
pared to the data of the Colombian imported product (Table 5)
with the predominance of beta-carotene reaching 65.6% and
57.9% from the total content respectively. Taking into account
that the dietary intake of beta-carotene may reduce the risk of
developing chronic and age-related diseases [44], while lutein is
highly effective in treatment of age-related macular degeneration
[45] the obtained results confirm high medicinal value of physalis
fruit.

3.4. Mineral composition
P. peruviana is known to be rich in potassium, magnesium
and copper [8,32]. In this respect, the results obtained for fruit

BREEDING, SEED PRODUCTION AND PLANT BIOTECHNOLOGY

OFruit @Leaves 0O Calyx

a

Micro- elementratio between plant organs

Fe

B

Fig. 5. Mineral distribution between fruit, leaves and calyx of
P. peruviana. Within each element values with similar letters
do not differ statistically according to Duncan test at p<0.05
Puc. 5. PacnpedeneHue anemenumoe (Fe, Zn, Cu, Mn, Co)
mexdy nnodamu, TUCMbSAMU U YexJsiuKamu niodoe
P. peruviana. [Jns kaxdo20 asieMeHma 3Ha4yeHusl
¢ oduHakoebIMU UHOeKcaMu cmamucmuYyecKku
He pa3nu4aromcsi coesiacHo mecmy [lyHkaHa npu p<0.05

Table 6. Micro-element accumulation in the fruit Physalis peruviana in conditions of the Crimean southern sea shore (mg/kg d.w.)
Tabuuya 6. CodepxxaHue mukpo3anemeHmoe 8 nnodax Physalis peruviana e kynbmype FOxHoz2o 6epeza Kpbima, me/ke.c.s.

Organ Fe i
Fruit
nnoabl 67.846.0 c 11.59+0.81 b
Leaves
NueTbs 113.0£10.1 b 18.03+1.20 a
Calyx
Yexnuku 288.7+25.2 a 5.21+0.49 ¢
M+SD 156.5+116.7 11.6146.41
CV (%) 74.6 55.2
Chili fruit (*) 257 713

Yununckue nnoasbl

Cu Mn Co
7.77+0.73 b 5.360.50 b 2.11+0.19 a
10.69+0.98 a 9.17£0.82 a 2.32£0.21 a
3.63+0.31 ¢ 6.05+0.55 b 1.73£0.11b

7.3613.66 6.862.03 2.05x0.30

48.2 29.6 14.6

4.28 8.08 -

(*) literature data for Atacama P. peruviana fruit [8]. Values in columns with similar letters do not differ statistically according to
Duncan test at p<0.05 JlumepamypHbie daHHble Onsi nodos P. peruviana fruit nycmeiHu Amakama [8]. 3HayeHusi 8 cmonbyax ¢
00uHaKo8bIMU UHOEKCaMU CmamucmuyecKku He pasnuyaromcsi coenacHo mecma [yHkaHa rnpu p<0.05

harvested at the southern Crimean shore indicated higher levels
of these elements compared to the appropriate data for the
Chilean product [8] (Table 6) recording valuable differences in
the mineral availability between these regions.

The mineral distribution between fruit, leaves and calyx of the
Crimean physalis revealed significantly higher levels of Zn, Cu,
Mn and Co in leaves, while Fe concentrations in calyx happened
to exceed the appropriate values in leaves and fruit by 2.6 and
4.2 times respectively (Fig. 5).

The phenomenon of Fe predominance in physalis calyx may
record both physiological and medicinal importance since this
organ is valuable for fruit ripening and is highly valued due to its
antioxidant, anti-inflammatory, and anti-carcinogenic properties
[46,47].

4. Conclusions

The results of the present investigation revealed high nutri-
tional properties of P. peruviana fruit grown at the southern
Crimean Sea shore and showed peculiarities of Fe, Zn, Cu, Mn,
and Co distribution between fruit, leaves and calyx with the pre-
dominance of Fe in the latter plant part. The Crimean climate
promotes the development of P. peruviana as a perennial plant
with high carotenoid content in fruit and high polyphenol concen-
trations in leaves, fruit and calyx. Comparison of different
polyphenol extraction methods allowed to indicate high benefits
of 70% ethanol application at 80°C using dried fruit powder. The
phenomenon of global warming makes it suppose a good suit-
ability of P. peruviana production at the southern Crimean Sea
shore.
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