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ABSTRACT

Supercritical fluid technology was used to obtain bioactive substances from leaves
of Ribes fragrans Pallas. Supercritical fluid technology showed the strongest extrac-
tive effect, which helped to extract the maximum amount of bioactive substances.
Several experimental conditions were investigated in the pressure range 50-300 bar,
with the used volume of co-solvent ethano%in the amount of 2.5 % in the liquid
phase at a temperature in the range of 31-70°C. The most effective extraction con-
ditions were: pressure 200 Bar and temperature 55°C. The COz-extract of leaves
of R. fragrans contain various polyphenolic compounds and compounds of other
chemical groups with valuable biological activity. For the first time, the metabolome
of supercritical extracts of R. fragrans leaves was studied in this research. Using the
method of supercritical extraction of plant matrices with the method of tandem
mass spectrometry, it was possible to tentatively identify 79 bioactive compounds,
of which 53 compounds are of polyphenol group. 20 chemical compounds from
polyphenol group and 12 chemical compounds from other chemical groups were
identified for the first time in genus Rzbes.

Keywords: Ribes fragrans, superctitical fluid technology, tandem mass spectrometry, poly-
phenols, metabolome

PE3IOME

Pasronosa MLIIL., Caburos A.C., CeHO}"p{lCOBa T.A., Au H.TI., Buromcko-
Ba E.A,, Toaoxsacr K.C. Ribes fragrans Pall.: Ceepxxpurnueckas COz-akc-
TPAKIMA U IIOAHBIA MeTaGoAOM pacreHmMA. AAA ITOAYICHHA OHOAKTHBHBIX
BerrecTs u3 AuCTbeB Ribes fragrans Pall. mcrioAp3oBaAn CBEpXKPHTHUCCKYEO (DATOMA-
HYIO TexHOAOIHIO. CBepXKpuTHdecKkas (PAIOMAHAS TEXHOAOIUA ITOKA3aAd CAMBII
CHABHBIH SKCTPAKTHBHBIA 3(p(EKT, KOTOPHIH ITO3BOAHA M3BACYD MAKCHMAABHOEC
KOAHYECTBO OMOAKTHBHEIX BEILIECTB. BEIAO HCCACAOBAHO HECKOABKO SKCIICPHMCH-
TAABHBIX YCAOBHIA B AnarrasoHe AaBAeHuH 50—-300 6ap, ¢ NCIOAB3YeMBIM OOBEMOM
COPACTBOPHTEAS ITAHOAA B KOAmIecTBe 2,5 %0 B KHMAKOI (pase Ipu TemMIepaType
B Anarrasone 31-70°C. HanGoaee a(pheKTUBHBIMU YCAOBHAMH SKCTPAKLIMH OKa-
saance: AaBacame 200 6ap u Temrreparypa 55°C. CO2-akcrpakt anctees R. fragrans
COACPIKUT PA3AHYHBIC IIOAM(MDECHOABHBIC COCAUHCHIA U COCAMHCHUSA APYITHUX XH-
MIYECKHX TPYIII, OOAGAAFOINUE IIEHHON OMOAOIMYECKOH aKTHBHOCTBIO. B Aam-
HOM HCCAEAOBAHHM BIIEPBEIE M3Y9EH METAOOAOM CBEPXKPHTHYECKHX IKCTPAKTOB
Auctbes R. fragrans. VICTIOAB3YS METOA CBEPXKPUTIHYECKO IKCTPAKITHH PACTHTEAD-
HBIX MATPHIL] C IPUMEHEHHEM METOAA TAHACMHON MACC-CITEKTPOMETPHH, YAAAOCH
IIPEABAPHTEABHO HACHTU(DHIIIPOBATE 79 OHOAOIMYECKN AKTHBHBIX COCAHHCHUII,
13 KOTOPHIX 53 COCAMHEHMA OTHOCATCA K TPyIIIE MOAH(MEHOAOB. 20 XUMIIeCKIX
COCAMHEHHIT U3 IPYIIITHL TOAUMDEHOAOB 1 12 XIMIUECKIX COEAMHEHEI M3 APYTHX
XHIMIYECKUX IPYIIT OBIAM BIIEPBbIE HACHTHMUITIPOBAHEL B poAe Ribes.

Karouessie caoBa: Ribes fragrans, TeXHOAOTHA CBEPXKPUTHICCKOTO (DAFOUAQ, TAHACMHAS
MACC-CITEKTPOMETPIA, ITOAU(EHOABL, METAO0AOM

The research of the metabolomic composition of Ribes
fragrans Pall. (Grossulariaceae) family from extracts obtained
by supercritical fluid (SCF) technology was first undertaken
in this study.

Species of the genus Ribes are grouped into eight
subgenera according to Berger (1924), of which four
have the greatest practical and breeding value: Ewcoreosma
Jancz. — black currants, Ribesia (Betl.) Jancz. — red currants,
Symphocalyx Berl. — golden currants, Calobotrya Spach —
ornamental currants. Subgenus Eucoreosma comprises 20
species including R. fragrans.

Ribes fragrans is widely distributed throughout the Far East
in the alpine belt of the Sikhote-Alin Mt. range, the Zhdug-
dzhur Mt. range, in the Kolyma region, in the Amur Region,
in Eastern Siberia and North-Eastern Mongolia (Fig, 1). It

grows on rocky areas, usually inhabits the subalpine belt of
mountainous regions, is found in pine and larch forests.
This type of currant grows in mountainous regions,
mainly in the subalpine zone, and also grows well on stone
placers. The plant lives up to its name: its leaves contain
resins and essential oils, and therefore are much more frag-
rant than other blackcurrant leaves. Outwardly, they atre
smaller, rounded and with folded edges. The plants are not
higher than 50-70 cm (Boczkarnikova 1973, Kharkevich
1988). This species is quite rare, despite the vast range, but
it mainly occupies a narrow niche in the bald zone of the
alpine belt. This species is considered an ancient species and
is very pootly introduced into the culture (Malyshev 1994).
The leaves are similar in shape to a blackcurrant leaf,
but more rounded and smaller with edges cutled down. The
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Figure 1 Geographical distribution area of Ribes fragrance Pall. in
Russia (simplified from Dudov & Seregin 2024)

high content of fragrant resins and essential oils in currant
leaves makes them more fragrant, which influenced the
choice of the name of this species (Fig. 2).

Plant metabolomics strategies are based on two
analytical technologies; namely, MS and nuclear magnetic
resonance (NMR). However, NMR based approaches are
inferior to MS based approaches due to fewer compounds
that can be separated given its relatively lower sensitivity.
Despite continuous progress in MS technology, the study
of the plant metabolome is a major challenge in plant
metabolomics research. Currently, only a few thousand
metabolites (>14,000) can be measured, while in the plant
kingdom, 200,000 to one million metabolites are expected
and its analysis is concentration dependent. However,
it is difficult to predict the full extent of the complete
plant metabolome because, unlike the transcriptome and
proteome, it is genome-independent. In addition, due to the
wide dynamic range of plant metabolite concentrations and
high chemical diversity, no single analytical technology can
cover the entire plant metabolome, so vatious extraction
methods and a combination of additional analytical
technologies are often used for analysis.

In this research, supercritical CO»-extraction of the
samples of R. fragrans was used to obtain an effective
amount of biologically active substances. Traditionally
used methods for obtaining biologically active substances
from plants for further preparation of pharmaceutical
substances, such as spray drying, solvent evaporation and
jet milling, usually require the use of large amounts of
solvent, and often require processing steps that require a lot
of time / energy to remove residual solvent from product
(Matos et al. 2019). Additional problems are the use of
high temperatures and the difficult control of particle size
and particle size distribution. SCF technology is a new and
promising direction in pharmaceutical development and
belongs to the near-critical region, i.c. relatively close to

Figure 2 General habitus of Ribes fragrance Pall., in flowers
(Voroshilova 2021)

the critical point of the system, in which the fluids have
liquid-like properties, such as high density, and gaseous
properties, such as low viscosity and high diffusivity. These
properties change quite dramatically with small changes
in pressure and/or temperature, which helps to provide
process flexibility and produce products with different
characteristics. Supercritical carbon dioxide (scCO2) is
chosen in most applications due to its relatively low critical
conditions (Tc = 31°C). It is also non-toxic, non-flammable
and inexpensive. These properties make scCO: especially
attractive in the pharmaceutical industry, since the
processing of labile compounds can be carried out at low
temperatures and in most cases without the help of organic
solvents, which are easily removed from the composition
if necessary. The applicability of SCF for the production
of compositions based on lipids (Beh et al. 2012, Santo et
al. 2013), polymer composites (Tandya et al. 2007), as well
as for the sterilization of biomaterials (Foster et al. 2003,
Karajanagi et al. 2011) has been considered in recent years.

We decided to use the SCF technology using various
temperatures and pressures for the most efficient production
of the entire complex of biologically active substances in
this study. We suggested that the polar organic cosolvent
ethanol can be used to better separate the biologically active
substances of R. fragrans. As a rule, supercritical extraction
is most successful when used together with the main solvent
CO: co-solvent ethanol or methanol. We used tandem mass
spectrometry to conduct a metabolomic study involving a
detailed analysis of R. fragrans bioactives.

MATERIALS AND METHODS

Plant matrices of R. fragrans was collected during
expedition work near Magadan region, Russia (59°33'49"N
150°48'10"E). All samples were morphologically authen-
ticated according to the current standard of Russian
Pharmacopeia (Pharmacopoeia... 2020).
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HPLC-grade acetonitrile was purchased from Fisher Scien-
tific (Southborough, UK), MS-grade formic acid was from Sig-
ma-Aldrich (Steinheim, Germany). Ultra-pure water was prepa-
red from a SIEMENS ULTRA clear (SIEMENS water techno-
logies, Germany), and all other chemicals were analytical grade.

Experimental work on supercritical extraction was carried
out using an SFE-500 system supercritical pressure extraction
apparatus (Thar SCF Waters, Milford, USA). The device of the
supercritical extraction system consists of: a co-solvent pump
(Thar Waters P-50 High Pressure Pump), to introduce EtOH
into the co-solvent extraction process to increase the polarity of
the solvent. CO: flow meter (Siemens, Germany) to measure
the flow of supercritical CO: supplied to the system, three
extraction vessels, for extracting samples at different system
pressures or different extraction times.

Flow rate was 10-25 mI./min for liquid CO2 and 1.00 mL./
min for EtOH. Extraction samples of 200 g of leave substance
of R. fragrans were used. The extraction time was counted after
reaching the working pressure and equilibrium flow, and it was
60 min for each sample.

Supercritical extracts filtered through a Millex HA 0.5 um
filter (Millipore Corp., MA, USA) and were analyzed on a Shi-
madzu L.C-20 Prominence HPLC (Shimadzu, Kyoto, Japan)
equipped with a UV sensor and an ion trap amaZon SL
(BRUKER DALTONIKS, Germany) equipped with an ESI
source in negative ion mode. The chemical compounds were
separated on a C18 silica reverse phase column (4.6X150 mm,
particle size: 2.7 um ) with mobile phases consisting of A,
deionized water / formic acid (0.1 % v/v); B, acetonitrile, and
the following gradient: 0—2 min, 0 % B; 2-50 min, 0100 % B;
control washing 50—60 min 100 % B. The injection volume was
10 pL. The solvent flow rate was 0.25 ml/min and the column
temperature were 50°C. The HPLC eluate was introduced
directly to the ESI intetface and analyzed by ion trap (MS/MS).

The optimized parameters of ion trap amaZon SL
(BRUKER DALTONIKS, Germany) in the experiments
were the following values: ionization source temperature:
70°C, gas flow: 4 L/min, nebulizer gas (atomizer): 7.3 {,
capillary voltage: 4500 V, end plate bend voltage: 1500 V,
fragmentary: 280 V, collision energy: 60 eV. An ion trap was
used in the scan range m/z 100-1.700 for MS and MS/MS.
The chemical constituents were identified by comparing with
ahome-library database built by the Group of Biotechnology,
Bioengineering and Food Systems at the Far-Eastern Federal
University (Russia), based on data of nuclear magnetic
resonance (NMR), ultraviolet spectroscopy, and MS, as well
as data from the literature that is continually updated and
revised. The captute rate was one spectrum/s for MS and
two spectrum/s for MS/MS. Data collection was controlled
by Windows software for BRUKER DALTONIKS. All
experiments were repeated three times. A four-stage ion
separation mode (MS/MS mode) was implemented.

RESULT AND DISCUSSION

Several samples of the R. fragrans plant matrix were ex-
tracted by supercritical COz>—extraction at various pressures
and extraction temperatures. The supercritical pressutre
used in the experiments ranged from 50 to 300 bar and the
extraction temperature varied from 31 to 70°C. The EtOH

Complete metabolome of Ribes fragrans

co-solvent, which affects the polarity and is necessary
for successful extraction in the supercritical process, was
used in an amount of 2.5 % of the total amount of the
solvent. The three-dimensional graph (Fig. 3) shows a
pronounced extremum, showing the highest yield of
bioactive substances during supercritical extraction for
a given plant matrix R. fragrans. The best conditions for
the extraction of bioactive substances from the leaves of
R. fragrans were obtained as follows: pressure 200 bar and
temperature 55°C. The total yield of bioactive components
under these extraction conditions was 3.9 mg per 100
mg of supercritical COz extract of R. fragrans. Structural
identification of each chemical constituents of R. fragrans
was petformed based on their exact mass and MS/MS
fragmentation using HPLC-ESI-ion trap-MS/MS.

There were tentatively identified 79 compounds in
COz-extracts from leaves of R. fragrans (53 compounds
from polyphenol group and 26 compounds from other
chemical groups). All the identified polyphenols and other
compounds along with molecular formulas, and MS/MS
data for R. fragrans are summarized in Table 1. Polyphenols
are represented by the following chemical groups: flavones,
flavonols, flavan-3-ols, flavanones, phenolic acids, antho-
cyanidins, lignans, coumarins. For the first time, twenty
compounds from polyphenol group and twelve compounds
from other chemical groups were identified in plant matrix
of R. fragrans. There are flavones: Formononetin, Acacetin,
Rhamnocitrin, 5,7-Dimethoxyluteolin, Eupatolitin-di-O-
hexoside, flavonols: Herbacetin, Rhamnetin I, Isorhamnetin,
Padmatin,  Myricetin-3-O-glucuronide, ~Rhamnetin-di-
O-hexoside, Myricetin-O-galloyl-hexoside;  flavan-3-ols
(epi)-galoocatechin-3-gallate, (epi)-afzelechin derivative;
flavanone Hemiphloin, lignans: Secoisolariciresinol, Di-
methyl-secoisolariciresinol, coumarin Fraxin, etc. Constitu-
ents from other chemical groups are benzofuran Loliolide;
aminoalkylindole 5-Methoxydimethyltryptamine; sesquiter-
penoid Caryophyllene oxide; aporphine alkaloid Anonaine.

Figure 4 shows examples of the decoding spectra (col-
lision-induced dissociation (CID) spectrum) of the ion
chromatogram obtained using tandem mass spectrometry.
The CID spectrum in positive ion modes of p-Hydroxy-
benzoic acid hexoside from R. fragrans is shown in Fig. 4A.
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Figure 3 3D graph data of supercritical COz-extraction from
leaves of Ribes fragrans
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[M+H] ion produced four fragment ions with m/z 255.3,
m/z 283.22, m/z 199.29, and m/z 167.17 (Fig. 4A). The
fragment ion with m/z 255.3 produced three characteristic
daughter ions with m/z 227.26, m/z 199.17, and m/z 145.28.
The fragmention withm/z199.17 produced one characteristic
ion with m/z 157.24. It was identified in the references
in extract from Ribes meyeri (Zhao et al. 2021), Vaccininm
Sfloribundum (Aita et al. 2021), Embelia (Vijayan & Raghu 2019),
Ribes sp. (Maatta et al. 2003), Punica granatum (Mena et al. 2012).
The CID spectrum in positive ion modes of dihydroquercetin
(taxifolin) from R. fragrans is shown in Fig, 4B.

[M+H]" ion produced two fragment ions with
m/z 287.28, and m/z 163.28 (Fig. 4B). The fragment ion
with m/z 287.28 produced one characteristic daughter
ion with m/z 269.28. The fragment ion with m/z 269.28
produced one charactetistic daughter ion with m/z 241.27.
It was identified in the bibliography in extracts from
Vaccininm  floribundum  (Aita et al. 2021), Larix daburica
(Voskoboinikova et al. 1993), Camellia kucha (Qin et al. 2020).
The CID spectrum in negative ion modes of Cyanidin-3-
O-glucoside [Cyanidin 3-O-beta-D-Glucoside; Kuromarin]
from R. fragrans is shown in Fig. 4C.
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Figure 4 CID spectra of A — p-Hydroxybenzoic acid hexoside from R. fragrans, m/z 301.91; B — dihydroquercetin (taxifolin) from R.
fragrans, m/z 305.3; C — Cyanidin-3-O-glucoside [Cyanidin 3-O-beta-D-Glucoside; Kuromarin] from R. fragrans, m/z 447.29

68 Botanica Pacifica. A journal of plant science and conservation. 2024. 13(2): 61-72



[M—H]~ ion produced three fragment ions with
m/z 285.15, m/z 419.29, and m/z 347.13 (Fig. 4C). The
fragment ion with m/z 285.15 produced one charactetistic
daughter ion with m/z 255.15. It was identified in the bib-
liography in extracts from Disterigma (Aita et al. 2021); Ribes
magellanicum (Burgos-Edwards et al. 2018); Rubus ulmifolins
(da Silva 2019); Berberis ilicifolia, B. empetrifolia; Fuchsia magel-
lanica, Ganltheria mucronata, G. antarctica, Myrteola nummala-
ria, Ribes maellanicums; R. cncullatum, Rubus geoides (Ruiz et al.
2013), Berberis lycium (Pradhan & Saha 2010). Separately, it
should be noted that a detailed analysis of the presence of
polyphenols and biologically active substances from other
chemical groups showed the highest number of flavonoids
at supercritical COz-extraction at a pressure of 200 bar and
extraction temperature 55°C — 53 compounds.

Thus, as a result of a detailed study of the metabolomic
composition by supercritical extraction combined with tan-
dem mass spectrometry, new data on the content of che-
mical constituents in R. fragrans were obtained, including a
number of chemical components found for the first time in
the plant matrix of R. fragrans.

CONCLUSION

Our scientific group was used supercritical fluid techno-
logy to obtain maximum compound of chemical constitu-
ents from leaves of R. fragrans. The supercritical extraction
method proved to be the most effective type of extraction,
giving the highest yield of bioactive substances. Several expe-
rimental conditions were investigated in the pressure range
10-300 bat, with the used volume of co-solvent ethanol in the
amount of 2.5 % in the liquid phase at a temperature in the
range of 31-70°C. The most effective extraction conditions
are: pressure 200 Bar and temperature 55°C for leaves of R.
Sfragrans. The leaves of R. fragrans contain various polyphenolic
constituents and constituents of other chemical groups with
valuable bioactivity. Tandem mass-spectrometry (HPLC-ESI
— ion trap) was applied to detect target analytes. High-accuracy
mass spectrometric data were recorded on an ion trap amaZon
SL BRUKER DALTONIKS equipped with an ESI source in
the mode of negative and positive ions. The four-stage ion
separation mode was implemented. 79 different bioactive
components have been identified in R. fragrans extracts. 21
polyphenol were identified for the first time in genus Rabes.

These data could support future research for the pro-
duction of a variety of pharmaceutical products containing
ultra-pure extracts of R. fragrans. The richness of various
biologically active compounds, including compounds of
polyphenol group and compounds of other chemical
groups (oxylipins, Omega-fatty acids, sterols, diterpenoids,
etc.), provides great opportunities for the design of new
nutritional and dietary supplements based on supercritical
extracts from the leaves, stems and berries of R. fragrans.
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