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Abstract: Current paper presents the results of chemical study of the non-polar fraction obtained from the 
substance isolated from the roots of Limonium gmelinii (Willd.). Limonium gmelinii is a perennial wild-
growing plant with a flowering period in June-September. It is found in all regions of Kazakhstan, western 
and eastern Siberia, European part of Russia, Central Asia, Southeastern Europe, Western China and 
Mongolia. Roots of Limonium gmelinii are introduced into the medicine and State Pharmacopoeia of the 
Republic of Kazakhstan. In this work, we obtained a substance using ultrasound to intensify the extraction 
process, which is effective, both from the economic and ecological side. Limonium gmelinii plants were 
harvested in Almaty region in 2018. Extracts were obtained by solvent extraction of a dry substance isolated 
from the roots of the studied plants with hexane, and studied by chromatography – mass spectrometry on 
a gas chromatograph with a mass-selective detector. In non-polar extract obtained from such substance, 27 
individual compounds were identified, most of them are represented by higher fat-soluble hydrocarbons that 
are a part of natural waxes and resins; particularly high content of tetradecane, pentadecane, hexadecane, 
genicosane, octadecane, eicosane and their isomers was noted. In addition, the presence of a quinoline 
derivative in the form of 1,2-dihydro-2,2,4-trimethyl-quinoline was observed. For comparison, non-polar 
extract directly from the roots of Limonium gmelinii comprised 15 compounds belonging to the classes of 
hydrocarbons and esters of higher carboxylic acids. Dominating are hexadecanoic acid, ethyl ester, ethyl 
oleate, linoleic acid ethyl ester. In addition, a number of hydrocarbons, such as heptadecane, octadecane and 
tetradecane, and a quinoline derivative of 1,2-dihydro-2,2,4-trimethyl quinolone as well as phenol 2,4-bis 
(1,1-dimethylethyl) have been identified.
Key words: Limonium gmelinii, ultrasonic extraction, non-polar fraction, GC-MS, chemical composition.

Introduction

Limonium is a genus of plants that includes more 
than 300 different species distributed in many re-
gions of the planet, including Central Asia, Southern 
Europe, North Africa and Middle East. On the terri-
tory of CIS, 35 species of the genus were described. 
Out of 18 Limonium species in Kazakhstan, the most 
industrially significant and productive is Limonium 
(L.) gmelinii (Willd.), which has wide ecological 
amplitude and is easily adapted to the environment, 
normalizing the maintenance of calcium and sodium 
salts in the soil.

L. gmelinii is a perennial wild-growing plant 
with a height of 30-80 cm. Roots are thick, nodu-
lar, and dark-brown, with thin bark, placed tightly to 
wood. Stem is truncated, with a little, usually paired 
branches. Leaves are numerous, green or blue-green, 

redden at ruptures. Flower stalks are few, apical and 
axillary. Flowers are in small 1-4 flower clusters, 
assembled in sufficiently short dense spikes, form-
ing corymbose or pyramidal inflorescences. Spikes 
are 4.5-6 mm long; the cap is 4-4.5 mm long, at the 
base and up to the middle densely and reasonably 
long omitted by veins. Limb is fade white or faded 
purple, 5-10 notched. Petals are blue-violet, rarely 
white. Seeds are oblong-ovate, 2 mm in length, 0.6 
mm in width, dark-purple-brown. Blooms in June-
September, bears fruits in August-September. Area 
of distribution: all regions of Kazakhstan, western 
and eastern Siberia, European part of Russia, Cen-
tral Asia, Southeastern Europe, Western China and 
Mongolia. Roots of L. gmelinii were introduced into 
the medicine and into the State Pharmacopoeia of the 
Republic of Kazakhstan, harmonized with the Euro-
pean Pharmacopoeia [8; 9].
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On the basis of the plant roots of the L.gmelinii 
species, we obtained and patented a substance in the 
form of a complex of biologically active compounds, 
which has antiinflammatory, antioxidant and wound 
healing effects [10-13].

Considering the possibilities of optimizing the 
technology for obtaining the substance of our inter-
est, the process of its extraction from the roots of 
L.gmelinii was intensified using ultrasound by vary-
ing its power and time of extraction. The amplitude 
of the ultrasound pulse is 400-1600 watts, pulse du-
ration is 30 minutes. Ultrasonic dispersion was per-
formed using an Elmasonic S450H ultrasonic bath 
(Elma Schmidbauer GmbH, Germany) at an ultra-
sound frequency of 37 kHz. The improved techno-
logical scheme for substance isolation from plant raw 
material allowed to increase its yield up to 45-50%. 
Phytochemical analysis of the substance was con-
ducted as well [14-17].

Materials and methods

The substance was obtained according to the 
following procedure: 200 g of crushed roots are 
filled with 1200 ml of 50% aqueous alcohol and 
extraction is carried out by ultrasonic dispersion 
with the following electrophysical characteristics: 
ultrasonic pulse amplitude – 400 V, frequency 37 
kHz, pulse duration – 20 min, temperature 35 °С. 
Ultrasonic dispersion was performed using Elma-
sonic S 450 (Elma Schmidbauer GmbH, Germany), 
working volume 45 L. Extraction time 4 hours at 
room temperature. The extract is filtered and con-
centrated to dryness on a rotary evaporator. The ob-
tained substance is extracted with hexane in order 
to isolate from it the non-polar fraction, the com-

position of which was studied on a gas chromato-
graph with a mass-selective detector model Agilent 
7890N/5973N (CTC Analytics / Leap Technolo-
gies, USA). At the same time, the volume of the gas 
phase to be taken is equal to 1 μl, the sample in-μl, the sample in-l, the sample in-
troduction temperature is 250 °С without dividing 
the flow. Separation was performed using a DB-35 
MS chromatographic capillary column with a length 
of 30 m, an inner diameter of 0.25 mm and a film 
thickness of 0.25 μm at a constant carrier gas (he-μm at a constant carrier gas (he-m at a constant carrier gas (he-
lium) rate of 1 ml/min. The temperature of chroma-
tography was programmed from 40 °C to 200 °C 
with a heating rate of 10 °C/min.

The software Agilent MSD ChemStation (ver-
sion 1701ЕА) was used to control the gas chromatog-ЕА) was used to control the gas chromatog-) was used to control the gas chromatog-
raphy system, record and process the obtained results 
and data. Data processing included determination of 
retention times, peak areas, as well as processing of 
spectral information obtained using a mass spectro-
metric detector. The Wiley 7th edition and NIST’02 
libraries were used to decipher the mass spectra ob-
tained (the total number of spectra in the libraries is 
more than 550 thousand).

The results of a comparative study of non-po-
lar fractions obtained from the roots of the plant 
L.gmelinii and from the substance isolated from them 
during the intensification of the extraction process 
with ultrasound are presented in Tables 1 and 2.

Results and discussion 

As a result of studying the hexane fraction of a 
substance obtained from the roots of plants of the 
species L. gmelinii (50% aqueous alcohol and ultra-
sound), 27 compounds were identified, most of which 
were classified as hydrocarbons (Table 1).

Table 1 – Research data of a hexane fraction obtained from a substance isolated from L. gmelinii roots by GC-MS

No. Retention time Name of compound Content %
1 6.54 undecane 0.64
2 8.05 dodecane 1.08
3 8.92 2,7,10-trimethyl-dodecane 0.83
4 9.52 tridecane 3.38
5 10.35 2,3-dimethyldodecane 0.48
6 10.42 2,6,10-trimethyl-dodecane 0.50
7 10.91 tetradecane 7.48
8 10.99 1-tetradecene 0.43
9 11.54 2,6,10-trimethyl-tetradecane 1.14
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10 11.82 7-hexyl-tridecane 1.00
11 11.99 octyl-cyclohexane 0.55
12 12.23 pentadecane 10.28
13 12.91 1-tetradecanol 2.03
14 12.97 2-methyl-pentadecane 0.79
15 13.10 3-methyl-pentadecane 0.93
16 13.33 n-nonylcyclohexane 0.98
17 13.49 hexadecane 10.77
18 13.88 1,2-dihydro-2,2,4-trimethyl-quinoline, 3.47
19 14.49 2,6,10,14-tetramethyl-pentadecane 4.50
20 14.68 heptadecane 10.67
21 15.47 3-methyl-heptabecane 1.11
22 15.69 2,6,10,14-tetramethyl-hexadecane 3.57
23 15.81 octadecane 10.99
24 18.48 eicosane 7.34
25 19.82 phenanthrene 2.97
26 20.47 heneicosane 6.96
27 23.22 9-hexyl-heptadecane 5.12

Total 100.00

Continuation of table 1

Typical for non-polar plant extracts is the domi-
nance of hydrocarbons in their composition. In par-
ticular, a high content of tetradecane, pentadecane, 
hexadecane, genicosane, octadecane and eicosane 
was detected. Their total share is 96.52%, with the 
bulk of them being higher hydrocarbons, such as 
hexadecane, heptadecane, octadecane. 1,2-dihydro-
2,2,4-trimethyl-quinoline, which is a quinoline de-
rivative, is also identified.

Since plants of L. gmelinii are distributed mainly 
in arid zones, long-chain hydrocarbons are typical 

metabolites for such plants, which are mainly found 
in the composition of wax-like and resinous compo-
sitions on the outer integument, which act as barriers 
to the drying out and penetration of microorganisms 
into plants [18-23].

A comparative analysis of the above hexane ex-
tract with hexane extract obtained from the roots of 
the plant L. gmelinii was carried out. As a result, 14 
compounds were identified, mainly belonging to the 
class of hydrocarbons, as well as to esters of higher 
fatty acids (Table 2).

Table 2 – Research data of L. gmelinii roots by GC-MS

No. Retention time Name of compound Content %
1 6.53 undecane 0.94
2 8.05 dodecane 2.66
3 9.52 tridecane 4.07
4 10.91 tetradecane 4.15
5 10.99 7-tetradecene, (z) 0.89
6 12.23 9-methylheptadecane 3.22
7 13.49 heptadecane 7.61
8 13.83 phenol 2,4-bis(1,1-dimethylethyl) 1.72
9 13.88 1,2-dihydro-2,2,4-trimethyl quinoline 4.17
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10 15.69 tetracosane 3.43
11 15.81 octadecane 5.26
12 19.78 hexadecanoic acid, ethyl ester 24.51
13 25.40 ethyl oleate 11.16
14 25.78 linoleic acid ethyl ester 26.19

Total 100.00

Continuation of table 1

In contrast to the non-polar fraction obtained 
from the substance isolated from the roots of the 
plant Limonium gmelinii, in the non-polar total ex-
tract directly from the roots the hydrocarbon content 
is 32.23%, which is 3 times less than in the non-polar 
fraction from the substance. At the same time, hep-
tadecane, octadecane and tetradecane are also the 
dominant hydrocarbons, which belong to higher fat-
soluble hydrocarbons. In addition to hydrocarbons in 
the roots of L. gmelinii, fatty acid esters were iden-
tified as hexadecanoic acid, ethyl ester, ethyl ole-
ate, linoleic acid ethyl ester, which together account 
for 61.86% of the total mass of the identified com-
pounds. Absence of these compounds in the hexane 
fraction of the substance is explained by the nature 
of the initially taken extractant in the isolation of the 
substance from the raw material with 50% aqueous 
alcohol, which does not dissolve esters of higher fatty 
acids.

A quinoline derivative in the form of 1,2-di-
hydro-2,2,4-trimethyl quinoline, different from the 
quinoline derivative found directly in the roots, was 
also found in a non-polar extract obtained from a sub-
stance isolated from the roots of plants of the species 
L. gmelinii. In addition, phenol 2,4-bis(1,1-dimethyl-
ethyl) was identified in the roots in an amount equal 
to 1.72%.

Conclusion

As a result of the study, the technological scheme 
for isolating a substance from the roots of plants of 
the Limonium gmelinii species was improved; It has 
been established that fat-soluble hydrocarbons domi-
nate in the non-polar fraction of the substance ob-
tained from the roots of Limonium gmelinii plants, 
while esters of higher carboxylic acids dominate in 
the analogous fraction of the roots.

Acknowledgment

This work was carried out within the frame-
work of the grant financing program of the SC 
MES RK AR05134034 “Development and creation 
of high-performance gels based on pharmacopoe-
ial wild plants of Kazakhstan and their integrated 
research.”

References

1 Palov M. (1997). Jenciklopedija lekapctvennyh 
pactenij. MCP, pp.130.

2 Kukenov M. (1996). Lekapctvennye pactenija 
Kazahctana i ih icpol’zovanie. Fylym, pp.344 p.

3 Sokolov P. (1985). Pactitel’nye pecupcy CCCP. 
L. Nauka, vol.1, pp. 293-297.

4 Komarov V.L.(1952). Flopa CCCP. AN CCCP, 
vol. 28, pp. 411-467.

5 Mihajlova V. (1968). Dubil’nye pactenija flopy 
Kazahctana i ih ocvoenie. Nauka, pp. 326.

6 Pavlov N. (1961).Flopa Kazahctana. Nauka, 
vol. 7, pp. 79-80. 

7 Aljukina L.(1977). Flavonoidonocnye i tani-
donocnye pactenija Kazahctana. Nauka, pp. 152. 

8 Gocudapctvennaja fapmakopeja Pecpubliki 
Kazahctan (2008). Zhibek zholy, vol.1, pp.592

9 European Pharmacopoeia (2001). EDQM, pp. 
1705 

10 Zhucupova G. (2009) Lekapctvennye cpedc-
tva, poluchennye na ocnove pactenij vida Limonium 
gmelinii. Vectnik medicinckogo univepciteta. No 1, 
pp.105-112.

11 Korulkina L., Shults E., Zhusupova G., Abilov 
Zh., Erzhanov K., and Chaudri M. (2004), Biological-
ly active compounds from Limonium Gmelinii AND 
L. Popovii. I. Chemistry of Natural Compounds, vol. 
40, pp. 465-468



163Y.S. Ikhsanov et al.

Int. j. biol. chem. (Online)                                             International Journal of Biology and Chemistry 12, № 1, 159 (2019)

12. Zhusupova G., Abilkaeva S. (2006), Flavanes 
from Limonium gmelinii. II. Chemistry of Natural 
Compounds, vol. 42, pp. 112-113

13 Korulkina L., Zhucupova G, Shul′ts E., Er-
zhanov K. (2004), Fatty-acid composition of two 
Limonium plant species. Chemistry of Natural Com-
pounds, vol. 40, pp. 417-419

14. Mojtaba H., Davoud S., Bolourian S. (2014) 
Optimization of ultrasonic-assisted extraction of phe-
nolic compounds from bovine pennyroyal (Phlomi-
doschema parviflorum) leaves using response surface 
methodology. Industrial Crops and Products, vol.57, 
pp.195-202.

15. Saliha S., Önder A., Esra I. (2013). Optimi-
sation of ultrasonic-assisted extraction of antioxi-
dant compounds from Artemisia absinthium using 
response surface methodology. Food Chemistry, 
vol.141, pp.1361-1368.

16. Önder A., Esra I.¸ Saliha S.¸ Demir C. (2013) 
Optimization of ultrasonic-assisted extraction of an-
tioxidant compounds from blackberry leaves using 
response surface methodology. Industrial Crops and 
Products, vol. 44, pp. 558–565

17. Ruizhan C., Yuan L., Zhiqiang L., Shizhe 
L., Simin Y., Xinlong L. (2012). Optimization of ul-
trasonic extraction process of polysaccharides from 
Ornithogalum Caudatum Ait and evaluation of its 
biological activities. Ultrasonics Sonochemistry, vol. 
19, pp. 1160–1168

18 Akhani H., Malekmohammadi M., Mahdavi 
P., Gharibiyan A., Chase M. (2013). Phylogenetics of 
the Irano-Turanian taxa of Limonium (Plumbagina-
ceae) based on ITS nrDNA sequences and leaf anat-
omy provides evidence for species delimitation and 
relationships of lineages. Bot. J. Linn. Soc., vol.171, 
pp.519-550. 

19 Gancedoa N., Medeirosa D., Milaneze-
Gutierreb M., Mello J. (2018). Morpho-anatomical 
characters of Limonium brasiliense leaves Revista. 
Brasileira de Farmacognosia, vol.28, pp.513-519 

20 Lin L., Chou C. (2000). Flavonoids and phe-
nolics from Limonium sinense. Planta Medica, vol.-
66, pp.382-383. 

21 Komekbay Zh., Halmenova Z., Umbetova A., 
Bisenbay A.(2018). Phytochemical analysis and de-
velopment of production of biologically active com-
plex on the basis of raw Melissa officinalis l. News 
of NAS RK. Series of chemistry and technology, vol. 
427, pp.53 – 58 

22 Umbetova А, Slan G., Omarova A., Burashe-А, Slan G., Omarova A., Burashe-, Slan G., Omarova A., Burashe-
va G., Abidkulova К.(2018). The study of chemical 
composition of Atraphaxis virgata from the almaty 
region. News of NAS RK. Series of chemistry and 
technology, vol.- 428, pp.52 – 55 

23 Utegenova L., Nurlybekova A., Aisa H, Jenis 
J. (2018) Liposoluble constituents of fritillaria pal-
lidiflora. News of NAS RK. Series of chemistry and 
technology, vol. 432, pp.156 – 162 


