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Introduction. Rumex patientia L. X Rumex tianschanicus Losinsk. is a multifunctional plant valued for its use as forage, food, vegetable,
and medicinal resource. It provides a rich source of plant-derived nutrients, including high-quality protein, essential macro- and micronutrients,
vitamins, organic acids, lipids, amino acids, and carotenoids. Therefore, an in-depth phytochemical study of all organs of this plant is relevant.
The aim of our study was to conduct a comparative analysis of the content of fatty acids in the leaves, flowers, roots, and seeds of Rumex
patientia L. X Rumex tianschanicus Losinsk.

Materials and methods. The material for the research was the leaves, roots, seeds and flowers of Rumex patientia L. X Rumex
tianschanicus Losinsk. Identification and quantitative content of fatty acids in the studied medicinal plant raw materials was carried out by
gas chromatography / mass spectrometry (GC/ MS) of fatty acid methyl esters using the Agilent 6890N/59731nert gas chromatography-mass
spectrometry system (Agilent technologies, USA).

Results. Some 15 fatty acids have been identified in Rumex patientia L. X Rumex tianschanicus Losinsk. roots, leaves, flowers, and
seeds, and their quantitative content has been determined by gas chromatography. Accordingly, in all samples of Rumex patientia L. x Rumex
tianschanicus Losinsk., unsaturated fatty acids dominated. Oleic acid was the dominant unsaturated fatty acid in the flowers and seeds, while
a-linolenic acid was predominant in the roots. The highest content of oleic acid (7947.51 ug/g) was found in the seeds, while that of linoleic
acid (1507.01 pg/g) was found in the flowers.

Conclusion. The performed study on the fatty acid composition of Rumex patientia L. x Rumex tianschanicus Losinsk. did not reveal any
substantial differences in qualitative composition and quantitative content of fatty acids across different plant parts. The results have shown
that unsaturated fatty acids prevailed in the roots, leaves, flowers, and seeds.
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JOCILIKEHHSA KUPHOKHUCJIOTHOI'O CKJIAAY ¥ RUMEX PATIENTIA L. x RUMEX TIANSCHANICUS
LOSINSK

! Tepnoninbcokuil nayionanoruil meouunuil ynisepcumem imeni I. 5. Topbauescorkozo Minicmepcmea oxoponu 300pog’s Ykpainu, Tepro-
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MeTor0 mociikeHHs Oy/l0 BCTAHOBICHHS AKICHOTO CKJIaay Ta KiTbKICHOTO BMICTY JKHPHUX KHCIOT y Rumex patientia L. X Rumex
tianschanicus Losinsk. (1aBHaTy) MeTo10M ra3oBoi xpomaro-mac-crexrpometpii (IX/MC).

O06’€exTaMu TOCITiKeHb Oyly KBITKH Ta JINCTKY IABHATY, 3arOTOBICH] Y (ha3i MoyaTKy BITIHHS, KOPEHi — BOCCHH IiCIIs BiIMHUPAHHS HaJl-
3eMHO{ YaCTHHH, @ HaCiHHs — Y (ha3i IOBHOI CTUINIOCTI Ha AOCiHUX AinsHKax HarioHansHoro 6otaniynoro camy imeni M. M. T'puika HAH
Vipainu y 2023 pormi. Metogom I'X/MC BcTaHOBITIOBaNIH SKICHHH CKJIaJT 1 BU3HAYAH KUTBKICHUH BMICT IHAMBIYa bHUX )KHPHUX KHCIIOT.

VY nocnimKyBaHiil cCHpOBHHI IaBHATY 0yI0 ineHTH]iKoBaHO 15 KUPHUX KUCTOT. Y BeiX 3paskax Rumex patientia L. X Rumex tianschanicus
Losinsk. nepeBaxann HeHacuueHi xupHi kuciaot. OneiHoBa KKCIOTa Oy/a JOMIHYIOUO Y KBIiTaX Ta HACIHHI, 0-TIHOJICHOBA — IIEpeBakasa
B KopeHsx. HaliBummii BmicT oneiHoBoi kuciotu (7947,51 Mxr/r) Oyno BusiBieHo B HaciHHi, JiHOIeBoi (1507,01 MKT/T) — y KBiTax.

Kunrouosi cnoBa: Rumex patientia L. x Rumex tianschanicus Losinsk., )upHi oi1ii, ra30Ba XpoMaTo-Mac-CleKTPOMETPisL.
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Introduction

Preservation and enrichment of genetic resources in
useful plants, as well as increasing the biotic diversity of
cultural phytocenoses through introduction and selection,
are among the main tasks of botanical gardens. Compre-
hensive introduction and breeding studies should be con-
ducted primarily with species that are of high national and
economic value [1; 2]. These include species of the genus
Rumex L. [3].

Plants from the Rumex genus have traditionally been
used as astringents in the treatment of skin conditions. In
veterinary practice, aqueous extracts derived from the fruits
and roots of certain Rumex species have demonstrated anti-
inflammatory and wound-healing properties [4; 5]. The
rich diversity of biologically active compounds found in
various Rumex species and their therapeutic effects under-
score the importance of continued scientific investigation.
In many Rumex types, the polyphenolic profile predomi-
nantly includes anthraquinones, flavonoids and their glyco-
sidic forms, as well as tannins [6; 7].

Edible grass (Rumex patientia L. x Rumex tianschani-
cus Losinsk.) is a perennial plant developed in China
through conventional breeding methods. This newly intro-
duced type of sour grass, known as “edible grass”, was
obtained by hybridizing the Rumex K-1 cultivar with the
wild species Rumex patientia L. On October 13, 2021, it
was officially recognized as a novel food ingredient by the
National Health Commission of China [8].

Rumex patientia L. x Rumex tianschanicus Losinsk. is a
multifunctional plant valued as forage, food, vegetable, and
medicinal resource. Additionally, it serves as a significant
bioenergy crop, with its biomass utilized in the production
of bio-oil, bioethanol, biogas, and solid biofuels [9]. Edible
grass is known for its pleasant taste and suitability for
dietary use [10]. It provides a rich source of plant-derived
nutrients, including high-quality protein, essential macro-
and micronutrients, vitamins, organic acids, lipids, amino
acids, carotenoids, and fatty acids, along with a notable
energy value. Among its most beneficial components are
the elevated levels of ascorbic acid and carotene found in
the leaves.

Despite its potential, limited research has been
conducted on the biologically active compounds found in
Rumex patientia L. x Rumex tianschanicus Losinsk., and
its fatty acid profile has yet to be examined. As a result,
investigating the fatty acid composition of this edible grass
hybrid holds significant practical value.

The aim of the study. The study aimed to establish
qualitative composition and determine the quantitative
content of individual fatty acids in the edible grass using the
gas chromatography/mass spectrometry (GC/MS) method.

Materials and Methods

Plant materials. The study objects included flowers
and leaves of Rumex patientia L. X Rumex tianshanicus
Losinsk. collected at the beginning of flowering, roots har-
vested in autumn after withering of the aerial part, and seeds
obtained at full maturity. The plant material was collected
in 2023 at the research plots of the Cultural Flora Depart-
ment at the M. M. Hryshko National Botanical Garden of
the National Academy of Sciences of Ukraine (Kyiv). The
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plant materials were dried in a warm-air convection dryer
at a temperature of 40 °C and stored in paper bags in a dry
place [11].

Chemicals and standards. Fatty acids were identified
by the reference standard mixture FAME (Supelco, Belle
fonte, PA, USA). The internal standard nonadecanoic acid
(= 98% purity) used for metabolite quantification was pur-
chased from Sigma-Aldrich (St. Louis, MO).

GC/MS determination of fatty acids (Protocol No. 403
of January 16, 2024). GC/MS analysis of fatty acids was
performed using gas chromatograph Agilent 6§890N with
mass detector 5973 inert (Agilent Technologies, USA).
Samples were analyzed on a silica capillary column
HP-5MS (30 m x 0.25 mm x 0.25 mkm, Agilent Technolo-
gies, USA). The interface was operated at 250 and 380 °C
respectively. The initially set up oven temperature at 60 °C
for 4 min, then at the rate of 4 °C/min raised to 250 °C
and kept at this point for 6 min and maintained at a final
temperature for 7 min. The carrier gas was used helium at a
constant flow rate of 1.0 ml/min. The sample with a volume
of 1 pl was injected in a splitless mode using a 7683 series
Agilent Technologies injector. Detection was performed in
scan mode in the range (38—400 m/z).

Sample preparation with pre-column derivatization.
Samples of herbal raw materials were ground into a powder
by laboratory mill and about 0.5 g (accurately mass) were
selected and placed into a glass vial. Then 3.3 ml of reacting
mixture (methanol: toluene: sulfuric acid (44:20:2 v/v)) with
1.7 ml of internal standard solution (nonadecanoic acid in hep-
tane solution) was added. The obtained samples were stood at
80 °C for 2 hours, refrigerated and centrifuged for 10 minutes
at 5000 rpm. It was taken 0.5 ml of the upper heptane phase,
which contains methyl esters of fatty acids [12—14].

The compositions of the product obtained were iden-
tified by comparison of their mass-spectrums with data
obtained from the National Institute Standard and Technol-
ogy (NIST 2008) database. The quantitative content of fatty
acids was done using the internal standard of nonadecanoic
acid in heptane solution added to the sample.

Research results and their discussion

In the present study, 15 fatty acids were identified
and quantified, utilizing GC/MS analyses (Table 1). The
chromatographic fatty acid profiles of Rumex patientia L.
x Rumex tianschanicus Losinsk. raw materials are revealed
in Figures 1-4, respectively. The results of the qualitative
composition study and quantitative content determination
of fatty acids of the raw material are shown in Table 1.

The analysis demonstrated that unsaturated fatty acids
predominated across all samples of Rumex patientia L.
X Rumex tianschanicus Losinsk. Saturated fatty acids
accounted for approximately one-quarter of the total iden-
tified fatty acids in the leaves, while in the roots, seeds, and
flowers, their proportion reached approximately one-third.
The seeds showed the highest concentration of unsaturated
fatty acids among all the plant parts examined.

Palmitic acid was the predominant saturated fatty acid
identified across all Rumex patientia L. x Rumex tian-
schanicus Losinsk. samples, with concentrations ranging
from 1858.77 pg/g in the seeds to 970.08 pg/g in the roots
(Table 1).
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Fig. 1. Chromatographic profile of fatty acid methyl esters
in Rumex patientia L. X Rumex tianschanicus Losinsk. roots
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Fig. 2. Chromatographic profile of fatty acid methyl esters
in Rumex patientia L. X Rumex tianschanicus Losinsk. flowers
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Fig. 3. Chromatographic profile of fatty acid methyl esters
in Rumex patientia L. X Rumex tianschanicus Losinsk. leaves
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Fig. 4. Chromatographic profile of fatty acid methyl esters
in Rumex patientia L. x Rumex tianschanicus Losinsk. seeds
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The qualitative composition and quantitative content of fatty acids
of Rumex patientia L. x Rumex tianshanicus Losinsk. raw material

Table 1

Fatty acids content of Rumex patientia L. X Rumex
Fatty acid name Retention time tianshanicus Losinsk., pg/g

Flowers Leaves Roots Seed
Myristic acid 7.4 28.37 70.41 n/d 18.99
Pentadecanoic acid 9.8 n/d 11.95 n/d n/d
Palmitic acid 12.65 1119.10 1824.54 970.08 1858.77
Palmitoleic acid* 14.31 n/d 155.40 n/d n/d
Margaric acid 15.84 n/d n/d n/d 2442
Stearic acid 19.26 44.66 90.74 138.34 295.39
Oleic acid* 19.89 1321.46 509.37 260.92 7947.51
Linoleic acid* 21.53 1507.01 608.63 553.95 13.21
Nonadecanoic acid 22.82 Internal standart
a-Linolenic acid* 23.87 461.76 233.69 4291.10 363.01
Arachidic acid 26.42 n/d 36.16 114.91 62.34
11-Octadecenoic acid* 27.07 n/d n/d n/d 171.60
Behenic acid 32.04 50.99 112.23 59.81 61.61
Hexacosanoic acid 32.82 n/d n/d n/d 220.51
Tricosanoic acid 33.93 n/d n/d 6.73 n/d
Lignoceric acid 36.16 n/d 289.48 149.65 115.20

Note: * — unsaturated fatty acids.

The seeds contained the highest concentration of stea-
ric acid at 295.39 ng/g. In comparison, lower levels were
observed in the roots (138.34 ng/g), leaves (90.74 pg/g),
and flowers (44.66 pg/g). Additionally, the experiment
revealed that the leaves, roots, and seeds of Rumex patien-
tia L. x Rumex tianschanicus Losinsk. accumulated notable
amounts of lignoceric acid (Table 1).

In all examined organs of Rumex patientia L. X Rumex
tianschanicus Losinsk., consistently high levels of unsatu-
rated fatty acids were observed. Oleic acid was the domi-
nant unsaturated fatty acid in the flowers and seeds, while
a-linolenic acid was predominant in the roots. The seeds
exhibited the highest oleic acid concentration, reaching
7947.51 ng/g.

The highest concentration of linoleic acid was detected
in the flowers, amounting to 1507.01 pg/g. In comparison,
its levels in the leaves, roots, and seeds were 608.63 ug/g,
553.95 ug/g, and 13.21 pg/g, respectively (Table 1). Addi-
tionally, the analyzed samples of Rumex patientia L. x
Rumex tianschanicus Losinsk. contained minor amounts of
behenic, lignoceric, myristic, and arachidic acids.

Both linoleic and linolenic acids belong to the group of
essential fatty acids, which are key components of dietary
oils. The most significant among them are omega-3 and
omega-6 fatty acids. In human nutrition, the specific types
of fatty acids consumed are often more critical than the
total amount of oil intake [15; 16]. Moreover, the balance
between different fatty acids plays a vital role in both nutri-
tional quality and economic value. Omega-3 fatty acids,

in particular, are essential and polyunsaturated, meaning
they cannot be synthesized by the human body and must
be obtained from the diet. A proper ratio of omega-3 to
omega-6 is necessary for the body to metabolize them into
functional derivatives. Given their recognized health ben-
efits, omega-3 fatty acids are increasingly being included in
everyday diets [17—19].

The research findings indicate that Rumex patientia L.
x Rumex tianschanicus Losinsk. is a promising plant due to
the important role of fatty acids in various biological pro-
cesses.

Conclusions

The performed study on the fatty acid composition of
Rumex patientia L. x Rumex tianschanicus Losinsk. did not
reveal any substantial differences in qualitative composition
and quantitative content of fatty acids across different plant
parts. The results have shown that unsaturated fatty acids
prevailed in the roots, leaves, flowers, and seeds. Their
concentration exceeded that of saturated fatty acids by
a factor of 3 to 4, depending on the specific type of raw
material.

Our findings indicated that oleic acid was the
predominant fatty acid in the leaves, flowers, and seeds
of the studied plant, while a-linolenic acid was most
abundant in the roots. These results may serve as a valuable
foundation for the development of pharmaceutical products
derived from Rumex patientia L. X Rumex tianschanicus
Losinsk.
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