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COMPONENT COMPOSITION AND QUANTITATIVE CONTENT OF ORGANIC ACIDS
IN RHIZOMES WITH ROOTS OF RUMEX CONFERTUS WILLD

Actuality. According to the literature, the underground organs of Rumex confertus contain oxalic and caffeic acids and there is no
information about the content of fatty acids.

The aim is to study the component composition of organic including fatty acids in rhizomes with roots of Rumex confertus and to
determine the quantitative content of the amount of organic acids in the series of plant raw materials.

Material and methods. The plant raw materials were harvested in 2015 in Kharkiv region to study component composition of organic
including fatty acids and in 2019 in Vinnytsia, Ternopil, Kharkiv, Poltava, and Khmelnytskyi regions to determine quantitative content
of the amount of organic acids. The component composition of organic, including fatty, acids was studied by gas chromatography-
mass spectrometry. The quantitative content of the sum of organic acids was determined according to the methodology of the State
Pharmacopoeia of Ukraine monograph 2.1 «Rose fruits “».

Research results. For the first time 6 organic and 10 fatty acids were identified in rhizomes with roots of Rumex confertus by gas
chromatography-mass spectrometry and the quantitative content of each of them was determined. For the first time it was modified
the pharmacopoeial methodology (monograph «Rose FruitsN») for rhizomes with roots of Rumex confertus: determination of the
quantitative content of the amount of organic acids was carried out in conversion not to malic, but to oxalic acid. The validation
characteristics of the method were established and it was tested on 5 series of plant raw materials.

Conclusion. For the first time, the component composition of organic and fatty acids in the rhizomes with the roots of Rumex
confertus was determined with using the gas chromatography-mass spectrometry method. For the first time it was modified the
pharmacopoeias method of determining the quantitative content of the amound of organic acids in terms of oxalic acid for rhizomes
with roots of Rumex confertus and determined its validation characteristics. The obtained results were applied in the development of
the project of quality control methods «Rumex confertus rhizome with roots».

Key words: Rumex confertus, organic acids, fatty acids.
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KOMIIOHEHTHHUM CKJAJI TA KUIBKICHAW YMICT OPTAHIYHUX KHCJIOT
Y KOPEHEBUIIIAX I3 KOPEHAMMUW RUMEX CONFERTUS WILLD

Axkmyanvhicme. 3a oanumu aimepamypu, niosemni opeanu Rumex confertus 3 opeanivnux KUciom micmamo wjaenesy i Kagogy
Kuciomu, a iHghopmayisi npo 6Micm JHCUPHUX KUCTIOM 8IOCYMHSL.

Mema 0ocnidsceHHs — GUSUUMU KOMNOHEHIMHUL CKAAO OP2AHIUHUX, Y MOMY YUCTI HCUPHUX, KUCTOM Y KOPEHeGUUaxX i3 KOpeHAMU
Rumex confertus ma eusnauumu KiloKiCHULL YMICM CYMU OP2AHIYHUX KUCIOM Y CEPIAX CUPOSUHU.

Mamepian i memoou. Cuposuny sacomosnanu 6 2015 p. y Xapxiscokiii obnacmi 0is 6usyents KOMROHEHMHO20 CKAA0Y OPSAHIUHUX,
y momy uuchi scupnux, kuciom ma 6 2019 p. y Binnuywkiil, Tepnoninvcokiu, Xapkiscokiil, [lonmagcwkii ma XmenvHuyvKiti oonacmsax
0715 GU3HAYEHHS KilbKICHO20 6MICHY Op2aHiYHUX Kuciom. Kounonenmuuii cknao opeanivnux, y momy YUcii JICUPHUX, KUCTOM 6UGUATU
Memooom 2a3080i xpomamo-mac-cnexkmpomempii. KinbKicHuil ymicm cymu OpeaniyHux KUCIOM 8USHAYAU 30 MEMOOUKOI MOHOSPADTT
DY 2.1 «ILlunwunu nioouNy.

Pesynomamu docniocenns. Ynepuie y kopenesuujax iz kopensmu Rumex confertus memooom 2az080i Xxpomamo-mac-cnekmpo-
mempii 6yno idenmucgpikosano 6 opeaniunux ma 10 dcupnux KUCIom ma GU3HAYEHO KINbKICHUL YMICM KOJICHOT 3 HuX. Ynepuie Ons
Kopenesuwy i3 Kopensmu Rumex confertus moougirosarno apmarxonetiny memoouxy (monozpais «[Lunwunu nioouy @Y 2.1):
BUSHAYEHHA KIbKICHO20 8MICIY CYMU OP2AHIYHUX KUCTOM NPOBOOUNU Y NEPEPAXYHKY He HA AONYYHY, A HA Wa6llesy KUCIomYy. Ycmanos-
JIEHO 8ANIOAYIIHI XapaKmMepucmuKu MemoouKu ma anpobo8ano ii Ha n’amu cepisax CupOGUHUL.

Bucnoeok. Ynepuie memooom 2az060i xpomamo-mac-cnekmpomempii 6 kopeneguwyax 3 kopeuamu Rumex confertus ycmarnosneno
KOMNOHEHMHUTL CKAAO OP2AHTYHUX MA HCUPHUX KUCIOm. Ynepute Ons Kopenesuwy i3 kopensamu Rumex confertus moougpikosano pap-
Maxonetiny Memoouxy 6UsHA4eHHs KilbKiCHO20 6MICIY CYMU OP2AHIYHUX KUCIOM Y NepepaxyHKy Ha ujagnegy KUCIomy ma 6UsHA4eHo
i eanioayitini xapaxmepucmuxu. Ompumani pesyiomamu 3aCMoco8aHi nio yac po3pooieHHs NPOEKMY Memooie KOHMPOIIO AKOCHI
«ll]aenio KincbK020 KOpeHesuwye 3 KOPEeHAMUY.

Kntouogi cnosa: Rumex confertus, opeaniuni Kuciomu, HCUpHi KUCTOMU, 2A308d XPOMAMO-MAC-CREKMPOMEMpIsL.
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Introduction. The genus Rumex includes 152 spe-
cies of perennial herbaceous plants (Who plant list,
2024). Plants of the genus are found in Europe, Asia,
and China (Who plant list, 2024). According to the lit-
erature, rhizomes with roots and leaves of plants of the
genus Rumex accumulate the largest amount of anthra-
cene derivatives, compounds of phenolic nature, tannins
and oxalic acid, due to which the plants have a sour taste
(Li, 2022, pp.1-29). 268 substances were identified in
the plant raw materials of 35 plant species, of which
anthracene derivatives (56), flavonoids (57) and tan-
nins (31) were found in the largest amount (Li, 2022,
pp. 1-29). Rumex acetosa L. (R. acetosa), Rumex japon-
icas Houtt. (R. japonicas), Rumex nepalensis Spreng.
(R. nepalensis) and Rumex patientia L. (R. patientia)
are the most studied in terms of quality composition
(Li, 2022, pp. 1-29).

Underground organs and leaves of R. acetosa, Rumex
dentatus L. (R. dentatus), Rumex vesicarius Linn.
(R. vesicarius,) R. japonicus, R. nepalensis, Rumex cris-
pus L. (R. crispus) and Rumex hanus by (R. hanus) are
widely used in medicine as antioxidant, anti-inflam-
matory, antimicrobial, antifungal, hepatoprotective,
antiplatelet, hypotensive, cardioprotective and antican-
cer agents (Kim, 2022; Mohammadhosseinpour, 2023;
Nguengang, 2023; Piao, 2022; Jeong, 2020; Khan, 2022;
Riffat, 2019). This plant activity is due to the multicom-
ponent chemical composition: compounds of phenolic
nature, organic and fatty acids, vitamins and minerals.

Despite on such a well-studied qualitative composi-
tion of the plants of the genus p-coumaric, oxalic and
tartaric acids were identified from the organic acids in
the plant raw material of R. acetosa, succinic — in R.
dentatus and R. nepalensis, ferulic — in R. nepalensis,
caffeic — in Rumex confertus Willd. (R. confertus) (Li,
2022; Khaliq, 2023; Prakash Mishra, 2018).

Our attention was paid to R. confertus whose under-
ground organs are used in scientific (monographs are
included in some pharmacopoeias) and folk medicine as
an antitumor, anti-inflammatory and antimicrobial agent
(Prakash Mishra, 2018; Oproshanska, 2023). In addi-
tion, R. confertus is an invasive species that is widely
distributed on the territory of Ukraine.

There are data from the last century about the con-
tent of the amount of organic acids in the underground
organs of R. confertus which depend on the harvesting
period (up to 3%). Quantitative content of total oxalic
acid (up to 13%) and free acid (up to 0.77%) was deter-
mined by the modified volumetric method (Benzel, 1995;
Kos 1. 0., 1999). We did not detect any information about
the identification and quantitative content of fatty acids
in plant raw materials of R. confertus or other plants of
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the genus Rumex at all. Therefore, the study of the quali-
tative composition of organic including fatty acids in the
rhizomes with roots of R. confertus and the determina-
tion of the quantitative content of the amount of organic
acids in the series of plant raw materials is actual.

The aim is to study the component composition of
organic including fatty acids in rhizomes with roots of
R. confertus and to determine the quantitative content
of the amount of organic acids in the series of plant raw
materials.

Materials and methods. Underground organs of
R. confertus were used for the research. Plant raw mate-
rials were harvested in 2015 in Kharkiv region to study
component composition of organic including fatty acids
and in 2019 in Vinnytsia (series 1), Ternopil (series 2),
Kharkiv (series 3), Poltava (series 4), and Khmelnytskyi
(series 5) regions to determine quantitative content of
the amount of organic acids. The component composi-
tion of organic including fatty acids was studied by gas
chromatography-mass spectrometry (GC/MS). Methyl
ethers were obtained for identification and quantification
of components (Carrapiso, 2000, pp. 1167-1177).

The quantitative content of the amount of organic
acids was determined according to the methodology in
the monograph «Rose fruits™ of the State Pharmaco-
poeia of Ukraine 2.1 (SPhU). (Derzhavna Farmakopeia
Ukrainy, 2016). Validation of the quantification method
and statistical processing of the results were carried out
in accordance to the requirements of the SPhU 2.0 (Der-
zhavna Farmakopeia Ukrainy, 2015).

Research results and their discussion. For the
first time, the component composition of organic acids
including fatty acids was determined in rhizomes with
roots of R. confertus by the GC/MS method. The results
of the study are given in table 1, a sample of GC/MS
chromatogram of compounds — in fig. 1.

6 organic and 10 fatty acids were identified in
R. confertus plant raw materials and the quantitative
content of each of them was determined. Oxalic acid
has the highest content from the identified organic acids
(8335.9+21.8 pg/g) which is 64% of the total content
of identified organic acids. Also, the plant raw material
contains a significant amount of citric and malic acids
(2047.4+1.4 pg/g and 1978.4+£2.4 pg/g, respectively).
The smallest content is characteristic of para-coumaric
acid (32.6+0.6 ug/g).

4 unsaturated and 6 saturated fatty acids were iden-
tified in underground organs of R. confertus. At the
same time, the content of unsaturated fatty acids is
2 times higher than the content of saturated fatty acids.
Of the unsaturated fatty acids, the content of linolenic
(5684.9+2.6 pg/g) and linoleic acid (2875.6+1.7 pg/g)
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dominated, which accounted for 60% and 30% respec-
tively of the amount of unsaturated fatty acids. The
quantitative content of linolenic acid is 2 times higher
than that of linoleic acid. From saturated fatty acids in
rhizomes with roots of R. confertus the content of pal-
mitic acid is dominated 3145.342.0 pg/g which is 75%
of the amount of saturated fatty acids. The lowest con-
tent was established for cerotic acid (58.5+0.4 ug/g).

Table 1
The component composition of organic including
fatty acids in rhizomes with roots of R. confertus,

(n=5, png/g)

No | The name of acid | Quantitative content
Organic acids
1 Oxalic 8335.9+21.8
2 Malonic 241.9+1.4
3 Succinic 314.7+1.0
4 Malic 1979.4+2 .4
5 Citric 2047.4+1.4
6 para-coumaric 32.6+0.6
Fatty acids
7 Palmitic 3145.3+£2.0
8 palmitoleic 537.2+1.1
9 Margaric 100.4+0.6
10 Stearic 587.7+0.6
11 oleic 358.4+1.0
12 linoleic 2875.6x1.7
13 linolenic 5684.9+2.6
14 arachinic 113.2+0.3
15 lignoceric 174.5+0.6
16 cerotic 58.5+0.4
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Fig. 1. GC/MS chromatogram of organic including
fatty acids of rhizomes with roots of R. confertus
(sample)

Underground organs of R. confertus contain the high-
est content of oxalic acid from the identified organic acids
therefore it is advisable to convert to oxalic acid when
quantifying the amount of organic acids in the plant raw
material (according to the methodology in monograph
«Rose fruits™» of the SPhU 2.1 the conversion is carried
out to malic acid) (Derzhavna Farmakopeia Ukrainy,

®diroTepanis. Yaconuc

2016). The conversion factor for oxalic acid is 0.0045.

The results of quantitative determination of the
amount of organic acids in series of rthizomes with roots
of R. confertus are shown in fig. 2.

As evidenced by the data of fig. 2 the quantitative
content of the amount of organic acids in different series
of underground organs of R. confertus fluctuated slightly
and amounted to at least 2.3%.

The method from the monograph of «Rose fruits™»
was used for the quantitative determination of the amount
of organic acids, but it was applied for a new type of
plant raw material with the use of a new compound for
calculation — oxalic acid. Therefore, according to the
recommendation of SPhU 2.0, it requires experimental
confirmation for the correctness of the obtained data by
studying validation characteristics (Derzhavna Farma-
kopeia Ukrainy, 2015). According to the recommenda-
tions for the validation of volumetric titration methods,
such validation characteristics as linearity, correctness
and precision are determined (Derzhavna Farmakopeia
Ukrainy, 2015).

Content,
2.45
2.44
2.43
2.42
241
2.40
2.39
2.38
2.37
2.36

2.44+0.12
2.43+0.14
2.42+0.12
2.41+0.11

2.39+0.13

1 2 3 4 5 Series

Fig. 2. Quantitative content of the amount of organic
acids in different series of rhizomes with roots
of R. confertus in terms of oxalic acid (%, n=5)

Determination of validation characteristics was car-
ried out according to normalized coordinates and uni-
versal acceptance criteria. 5 samples were prepared for
the study in which the amount of organic acids is evenly
distributed in the range of the method: 80%, 90%, 100%,
110%, 120%. 3 parallel titrations were performed for
each concentration to determine the precision (table 2).
The uncertainty of the analysis results expressed as a
one-sided relative confidence interval for the level of
confidence probability of 95% should not exceed 6.4%
(Derzhavna Farmakopeia Ukrainy, 2015). On the basis
of the obtained data, the parameters of linear depend-
ence (table 3), correctness and accuracy (table 4) were
calculated.
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Table 2
Validation tests for determining normalized coordinates and calculating linear dependence
The weight V0,1 M . . .
of plant lgaw Xi fact, % solution of An}oun_t of o Yi found, % Relationship .fo,}l nd/ Linear
materials NaOH, ml organic acids, % entered Zi, % dependence
80 0.95 2.36 79.17 98.96
0.9142 80 0.97 2.41 80.83 101.04 80.67
80 0.97 2.41 80.83 101.04
90 1.1 243 91.67 101.86
1.0254 90 1.09 2.41 90.83 100.92 90.67
90 1.09 2.41 90.83 100.92
100 1.21 2.41 100.83 100.83
1.1391 100 1.23 2.45 102.5 102.5 100.67
100 1.22 243 101.67 101.67
110 1.31 2.37 109.17 99.25
1.2534 110 1.3 2.35 108.33 98.46 110.67
110 1.31 2.37 109.17 99.25
120 1.46 242 121.67 101.39
1.3672 120 1.45 241 120.83 100.69 120.670
120 1.46 2.42 121.67 101.39
Table 3
Parameters of the linear dependence of the method
Table 4

of quantitative determination of the amount
of organic acids in the rhizomes with roots
of R. confertus in terms of oxalic acid

Validation characteristic The resulting value

A 0.66

S, 2.27
Criterion of statistical insignificance 0.66<4.91

B 1.00067

S, 0.02

S, 1.23
dR:‘?il;ié(e)rélents to residual standard 1.23<3.82

R 1.000067
iljgﬁtélgie;;ltents for the correlation 1.0000670.9965

The results of the study of the correctness
and precision of the method of quantitative
determination of the amount of organic acids
in the rhizomes with roots of R. confertus
in terms of oxalic acid

Validation characteristic Resulting value

Average ratio found / entered Z____, % 100.68
Relative standard deviation, Sz,% 1.2794
One-sided confidence interval, Az, % 2.08
Critical value for convergence of results 213
YsAas, %

Systematic error & 0.68
Criterion of statistical insignificance 1.00
Criterion of practical acceptability 4.27

The obtained results indicate that the method meets
all the requirements for parameters of linear depend-
ence.

The method is correct, because the criteria of statisti-
cal insignificance and practical acceptability are greater
than the systematic error and precision (one-sided confi-
dence interval is less than the critical value for the con-
vergence of results 5Aas).

Conclusions

1. For the first time, the component composition
of organic (at least 6 compounds) and fatty acids
(at least 10) was determined in rhizomes with roots
of R. confertus with using the GC/MS method. The
highest quantitative content is characteristic of oxalic
acid (8335.9+21.8 pg/g).
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2. For the first time for rhizomes with roots
R. confertus modified the pharmacopoeial methodol-
ogy (monograph «Rosehip Fruits» SPhU 2.1): deter-
mination of the quantitative content of the amount
of organic acids was carried out in conversion not to
malic, but to oxalic acid.

3. To confirm the accuracy and correctness of
the method its validation characteristics were deter-
mined for the first time: linearity, precision, and its
correctness was proven. The method was tested on
5 series of R. confertus plant raw materials.

4. The obtained results were applied in the devel-
opment of the project of quality control methods
«Horse sorrel rhizome with roots» and will be used
in the future in the standardization of phytoremedies
based on rhizomes with roots of R. confertus.
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