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Component composition of essential oil 
of Rhodiola algida (Ledeb.) Fisch & C.A. Mey and its biological activity

Abstract. For the first time the component composition of essential oil of Rhodiola algida (Ledeb.) Fisch & 
C.A. Mey. family Crassulaceae, collected in places of natural growth in July 2020 in the Kazakh Altai was 
studied. The component composition of essential oil of this species was determined by gas chromatography 
and chromatography-mass spectrometry. The method of chromatography-mass spectrometry detected 
100 components, of which 79 substances were identified, accounting for 82-83% of the total essential oil. 
Antioxidant activity was determined by the FRAP method. R. algida essential oil showed low antioxidant 
activity compared with butyl hydroxyanisole (BHA) at concentrations of 0.25-1.0 mg/ml, confirming the 
antioxidant properties of R. algida. Based on the results of cytotoxic activity against Artemia salina L. 
larvae, it was concluded that R. algida essential oil has good lethal toxicity at all concentrations tested, 
which proves the cytotoxicity of R. algida. At present, studies of R. algida based on substances from this 
plant and methods of their analysis are of direct interest for phytopreparation.
Key words: Rhodiola algida, essential oils, components, antioxidant activity.

Introduction

Rhodiola algida (Ledeb.) Fisch & C.A. Mey. 
is a species of the family Crassulaceae, section 
Chamaerhodiola, genus Rhodiola, found in the alpine 
zone in the Arctic, Western and Eastern Siberia and 
Mongolia, Kazakhstan, Pakistan, China, Russia [1, 
2]. R. algida has long been used in folk medicine in 
Qinghai and Tibet, and has been clinically proven 
to prevent many diseases [3, 4, 5, 6]. The interest 
in this plant is due to its component composition, 
which determines its species identity. R. algida 
plants are prescribed to increase physical endurance, 
performance, longevity, resistance to disease in high 
latitudes, as well as to treat fatigue, depression, nervous 
system disorders, etc. [7]. R. algida is one of the most 
effective species of rhodiola, and it has been clinically 
proven to enhance human immune responses [8, 9]. 
The role of R. algida as an immunomodulatory agent 
has been established [10]. It has also been established 
from the literature that salidroside is considered the 

most important bioactive component and is widely 
used as an indicator for assessing the quality of many 
species of rhodiola and products made from it [11]. 
Salidroside and tyrosol are the main components of 
R. algida [12]. 

R. algida is a rare species, under natural 
conditions, this plant is found in the Altai region 
of Western Siberia, as well as in the Daurian and 
in the west of the Angara-Sayan region of Eastern 
Siberia. On the territory of Kazakhstan, the species 
is found only in the char belt of the Kazakh Altai 
ridges. The species lives near watercourses, on wet, 
moss-covered rocks, stony slopes, near snowfields, 
on overgrown moraines, among mosses along river 
banks, and on gravel-lichen tundra [13].

Despite the harsh climate of the Altai, R. 
algida accumulates many useful biologically active 
compounds. According to scientists in the literature, 
this is the result of its adaptation to the harsh 
conditions in which it grows. The plant is called a 
red brush because of the decorative red color of its 
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stiff shoots and fruits, which really resemble a brush. 
R. algida extract promotes lymphocyte proliferation 
and shows antitumor effects, including in breast 
cancer [1, 14]. It has been proved that the plant 
increases immunity and can be used simultaneously 
with chemotherapy to alleviate oral ulcers [14]. 
R. algida fraction proved activity against chronic 
hypoxia-induced pulmonary arterial hypertension 
in rats [11-14].

R. algida affects the human immune system by 
nourishing and restoring blood, activating blood 
circulation against stasis. Its effectiveness can be 
demonstrated by increasing endurance, relieving 
fatigue, preventing altitude sickness and stimulating 
the nervous system [15-18]. R. algida extract protects 
muscle tissue, as evidenced by its ability to activate 
ATP synthesis and reduce inflammatory C-reactive 
protein and creatinine kinase levels [19,20]. And also 
in patients with superficial carcinoma of the bladder 
it improves T-cell immunity, leukocyte integrins 
[21,22].

Previously, the extractive composition of this 
plant was studied and flavonoids in the form of 
acetylated diglycosides were found [23].

In this article, we first presented the component 
composition of R. algida essential oil obtained by 
chromatography-mass spectrometry. The purpose of 
the study is to study the composition of biologically 
active substances of R. algida, on the basis of which 

new highly effective and low-toxic phytopreparations 
will be created in the future.

Materials and methods

Plant material. The underground part of R. algida 
raw materials (root) was collected in the flowering 
phase in August 2020, Kazakhstan Altai, Ivanovo 
ridge (50°31’93.68”N, 83°.88’93.90”E, 2010 m.a.s.l. 
(Figure 1). 

The collected raw materials were dried and crushed. 
Herbarium samples of this plant are stored in the 
herbarium fund of the Astana Botanical Garden (NUR). 
Herbarium number 2005 15.07.2022 (Figure 2).

R. algida – a perennial herbaceous plant with a 
height of 6-18 cm. The root of this species is quite 
thick and long, while the rhizome is multi-headed. 
Stems are numerous, 6-18 cm high, 1.5-2.5 mm dia., 
densely oriolate. Leaves are alternate, 8-20 mm long, 
1.5-3 mm wide, linear-oblong or linear, obtusely 
acuminate at the top, smooth-edged; inflorescence 
is dense, simple scutellum; flowers are 5-, rarely 
4-membered, monoventate. Sepals are about 4 mm 
long, linear-oblong, blunt, reddish; petals are 7-8 
mm long, ovate-lanceolate, bluntly pointed, white 
or pungent pink. Stamens 10, slightly shorter than or 
nearly equal to the petals, inner stamens fused by 1/3 
of their length. The plant blooms in June in July and 
month [13, 25].

Figure 1 – Scheme map of the distribution of the R. algida in Kazakhstan Altai, Ivanovo ridge.
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Figure 2 – Herbarium samples of R. algida (NUR) 

Raw materials are collected and dried according 
to requirements of the State Pharmacopoeia of the 
Republic of Kazakhstan in edition I [24]. 

Ground dry air raw material was obtained by 
sedimentation (maceration) with 96% ethanol for 3 
days at room temperature. Extraction was repeated 
twice. In the experiment, the essential oil-containing 
R. algida was slowly dried under vacuum and ground 
at room temperature 25-35 °C. 

The more raw materials dried during drying, 
the higher is the activity and quality of glycosides, 
alkaloids and other compounds, enzymes in plant 
cells [24]. Essential oil was obtained from the 
crushed (up to 3-5 mm), dried masses 125 g of 
roots from plant material by water distillation on a 
Clevenger apparatus for 2 hours [26] using hexane as 
a trap for the selection of volatile components. The 
isolatеd volatile componеnts wеrе driеd over Na2SO4, 
weighed, and stored in sеalеd dark glass bottles in a 
сооl аnd dаrk plасe аt 5°C. We obtаined аn essential 
oil of dаrk red color with a pleasаnt smell. 

The component composition of R. algida 
essential oils was determined using a Clarus-SQ8 gas 

chromatograph with a mass spectrometric detector 
under similar conditions [27]. Chromatographic 
conditions: capillary сolumn – RestekRxi®-1 ms 
0.25 mm x 30 m x 0.25 µm, sample volume: 1.0 µl, 
carrier gas – He, carrier gas speed: 1 ml/min, split 
ratio 1:25, t of column: 40 °C, rise of 2 °C/min to 
280 °C, t of evaporator – 280 °C, mass spectrometric 
detection: t – 240 °C, EI + = 70 eV, the scanning 
time from 4 to 120 minutes, the scan mode ion 
39-500 m/z. The percentages of components are 
automatically calculated based on the total peak 
areas of the chromatogram of ions. Components were 
identified by mass spectra and the retention times, 
with use of NIST (National Institute of Standards and 
Technology) library.

Cytotoxic activity of R. algida essential oil. We 
have determined the cytotoxic activity of R. algida 
essential oil. Determination of activity was carried 
out according to the well-known method of survival 
of marine shrimp Artemia salina [28].

Separating funnel filled with 55 ml of artificial 
sea water and 200 mg of eggs Artemia salina. 
Allowed standing for 3 days at the air supply until 
soft crustaceans gave the egg. One side of the tube 
covered with aluminum foil, and 5 minutes later, the 
larvae that are going on the bright side of the funnel, 
removed Pasteur pipette.

20-40 larvae were placed in 990 μl of seawater 
into each of the 24 micro titer plates. Dead larvae 
were counted under a microscope. Added 10 μl of 
dimethylsulfoxide solution of 10 mg / ml sample. As a 
comparison, the drug actinomycin D or staurosporine. 
For a negative control 10 μl was added only DMSO. 
After 24 h of incubation and further maintaining 
micro titer plates for 24 hours (to ensure immobility) 
counts the dead larvae under the microscope.

Mortality P determined by the following formula:

P = (A – N – B) / Z × 100%,

here A – amount of dead larvae after 24 h;
N – amount of larvae died before the test;
B – the average amount of larvae died in a 

negative control;
Z – the total amount of larvae.
Antiradical activity of R. algida essential oil. 

Determination of the iron-reducing potential of 
the studied samples by the FRAP method (Ferric 
Reducing Antioxidant Powerassay) [27, 28] (table 3).

0.25 ml of 0.2 M phosphate buffer (pH= 6.6) 
and 0.25 ml of 1% potassium hexacyanoferrate (III) 
solution are added to 0.1 ml of the studied substances 
in the concentration range 0.25; 0.5; 0.75; 1.0 mg/



116

Int. j. biol. chem. (Online)                                                International Journal of Biology and Chemistry 16, № 1 (2023)

Component composition of essential oil of Rhodiola algida (Ledeb.) Fisch & C.A. Mey and its biological activity

ml. The reaction mixture is incubated for 20 min. 
at 50 °C, the reaction is stopped by adding 0.25 ml 
of 10% trichloroacetic acid solution. The mixture is 
centrifuged for 10 minutes (3000 rpm). The top layer 
of 0.5 ml is mixed with 0.5 ml of dist. water and 0.1 ml 
of 0.1% FeCl3. The optical density (OD) is measured 
at 700 nm. The antioxidant activity (AA) of the 
samples was compared with AA butylhydroxyanisole 
(BHA).

Chromatographic analysis of the extract for the 
content of organic substances. Methods of analysis: 
gas chromatography with mass spectrometric 
detection (Agilent 7890A/5975C). Chromatographic 
conditions: sample volume 1.0 µl with flow division 
10:1, chromatographic column DB-35MS (Agilent, 
USA) 30 m x 0.25 mm, film thickness 0.25 µm, 
column thermostat temperature: from 50ºC (1 min 
exposure) with heating rate 10ºC/min to 270ºC (15 min 
exposure), evaporator temperature: 250ºC, detection 
mode – ion monitoring in range m/z 34-750. 

Results and discussion

In the work performed, retention index values were 
calculated for all detected peaks to add confidence in 

identification. Table 1 also shows that the library RI 
information in the NIST database was used to check 
the observed RI value. As can be seen from Table 1, 
the main components of R. algida essential oil are 
n-hexadecanoic acid – 6.8%, 9-octadecenic acid (E) 
– 5.9%, as well as unidentified compound – 6.8%, the 
main classes of R. algida essential oil are aldehydes and 
alcohols (hexanal, decadienal, nonanal, tetracosanal, 
2-ethyl-1-hexanol,), organic acids (h- hexadecanoic 
acid, 9-octadecenoic acid(E)) and various esters of 
organic acids (methyl-(3-oxo-2-pentylcyclopentyl)-
acetate, glycidyl palmitate). Marginal hydrocarbons 
(n-docosan, tetracosan, pentacosan, nonacosan), 
sterols and other components are present in small 
quantities.

Figure 3 shows a GC-MS chromatogram for R. 
algida essential oil.

The study of the action of R. algida plant essential 
oil on human cancer cells, is an important direction 
and can serve as an indication of the biosynthetic 
ability plants to form secondary substances possessing 
not only biological activity but also cytotoxic action. 
In this work we studied the cytotoxicity of essential 
oils derived from plants R. algida. The results of the 
studiesare presented in Table 2.

Table 1 – The essential oils of R. algida

RI calculation RI lit Component Content %

799 800±2 Hexanal 0.9

982 993±2 2-Pentyl furan 0.2

1025 1030±3 2-Ethyl-1-hexanol 0.3

1034 1045±4 Benzyl Acetaldehyde 0.1

1102 1104±2 Nonanal 0.2

1143 1156±2 1-Ethenyl-4-methoxybenzene 0.2

1289 1295±3 2,4-Decadienal (E,Z) 0.2

1312 1317±5 2,4-Decadienal (E,E) 0.6

1496 1518±10 β-Cadinene 0.1

1644 1649±1 Methyl-(3-oxo-2-pentyl cyclopentyl)-acetate 0.8

1773 Unidentified 1 0.7

1798 1811±N/A 1,2-Diphenoxyethane 0.6

1844 1844±4 6,10,14-Trimethyl-2-pentadecanone 0.1

1952 1953±0 Z-11-Hexadecane 0.6

1968 1968±7 n-Hexadecanoic acid 6.8

2130 2133±12 9,12-Octadecadienoic acid (Z,Z) 2.5

2137 2175 iu 9-Octadecanoic acid(E) 5.9
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RI calculation RI lit Component Content %

2161 2172±7 n-Octadecanoic acid 0.7

2200 2200 n-Docosan 0.1

2330 2168 iu Glycidyl palmitate 0.9

2337 Unidentified 2 1.7

2345 Unidentified steroid 1 0.4

2363 Unidentified 3 0.4

2369 Unidentified steroid 2 2.2

2396 2400 Tetracosan 0.7

2424 2430±2 n-Docosanal 0.6

2464 Unidentified4 1.8

2471 Unidentified 5 1.7

2502 2500 Pentacosan 1.9

2573 Unidentified 6 4.7

2590 Unidentified 7 2.0

2599 2611±2 Doxyl Acetate 1.2

2621 2632±9 Tetracosanal 1.1

2631 Unidentified 8 0.9

2666 Unidentified 9 0.7

2683 2700 Heptacosan 0.8

2691 2759±NA 2-Methylphenyldodec-2-en-1-fumaric acid silt ester 0.7

2756 Unidentified steroid 3 6.8

2798 2808±4 Tetracosyl Acetate 0.8

2823 2832±2 Hexacosanal 1.0

2878 2900 Nonacozan 1.3

2912 Unidentified 10 3.1

2927 Unidentified11 1.9

2996 3003±7 Hexacosyl Acetate 0.6

3017 Unidentified 12 0.7

3024 3036 Octacosanol 0.1

3050 Unidentified 13 2.1

3071 3040±NA Stigmastan-3,5-diene 1.7

3076 3100 Gentriacontane 1.9

3123 Unidentified 14 1.3

3192 Unidentified 15 6.6

3221 Unidentified steroid 4 1.7

3243 Unidentified 16 2.6

3258 Unidentified 17 2.7

Total 82.9

Table continuation
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,  27-Nov-2020 + 17:09:52Rhodiola algida in 1 ml Hexane

7.30 12.30 17.30 22.30 27.30 32.30 37.30 42.30 47.30 52.30 57.30 62.30 67.30 72.30 77.30 82.30 87.30 92.30 97.30 102.30 107.30 112.30 117.30
Time0

100

%

Rhodiola algida in 1 ml Hexane Scan EI+ 
TIC

1.74e9
110.17

109.80

107.45

89.67
4.90

88.05

81.9567.53
41.43

14.19
76.30 78.07

107.25

100.00

99.55

112.57

118.98

114.39

116.87

119.92

Figure 3 – Chromatogram of GC-MS of R. algida essential oil analysis

Table 2 – The cytotoxic activity of essential oils of R. algida

Paral lel
The amount of larvae 

in the control
The amount of larvae in a 

sample
The amount of 

surviving larvae 
in the control, %

The amount of 
surviving larvae 

in sample, %

Mor tality, 
P,%

The percen-
tage of neuro-

toxicity, %survi vors died survi vors died para lyzed
10 mg/ml

1 20 1 0 29 0

96 0 96 0
2  22 0 0 24 0
3 25 1 0 22 0

Me dium 22 1  0  25  0
5 mg/ml

1 20 1 0 28 0

96 0 96 0
2  22 0 0 21 0
3 25 1 0 20 0

Me dium 22 1  0  23  0
1 mg/ml

1 20 1 1 19 0

96 4 92 0
2  22 0 2 25 0
3 25 1 1 22 0

Me dium 22 1  1  22  0
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Results of the study the cytotoxic activity of 
essential oils are shown in Table 3. Based on the 
conducted experiment, it was found that R. algida 

essential oil in all tested concentrations (1, 5 and 
10 mg/ml) exhibits acute lethal toxicity (96%) – all 
larvae die.

Table 3 – Changing the solutions optical density depending on the working concentration

№ Samples
Optical density value at concentration (mg/ml)

0,25 0,5 0,75 1,0
1 Butylhydroxyanisole (BHA) 1,6339 1,6785 1,7822 1,8032
2 Rhodiola algida (Rhalg) 0,4705 0,5031 0,5172 0,5425

Figure 4 – The effect of the concentration of substances, mg/ml on the change in antioxidant activity

Based on the analysis of the data in Table 3 and 
Figure 4, it is clear that all the studied essential oils of 
R. algida in all concentrations of 0.25, 0.5, 0.75, 1 mg/
ml have low (AA) compared to butylhydroxyanisole. 

According to the results of the experiment, it was 
found that R. algida essential oil has low anti-radical 
activity compared to the reference preparation 
butylhydroxyanisole.

Table 4 – Chromatographic analysis of R. аlgida extract 

№ Retention 
time, min Compound

Probability of 
identification, 

%

Percentage 
content, % Formula Activity Literature

1 11,58 2-Cyclopenten-1-one, 
2-hydroxy- 72 0,05 C9H12O2

aroma of fresh citrus juice and 
may be used for perfumes, 
foods, and cosmetics

31

2 14,63 2-Hydroxy-gamma-
butyrolactone 79 0,32 C4H6O3

natural product found 
in Streptomyces 
albidoflavus, Aethus indicus, 
and other organisms with data 
available.

32
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№ Retention 
time, min Compound

Probability of 
identification, 

%

Percentage 
content, % Formula Activity Literature

3 14,81 1,3-Dioxol-2-one,4,5-
dimethyl- 69 1,01 C5H6O3

a dioxolanone derivative used 
in the preparation of synthetic 
chemotherapeutic antibiotics 
such as Prulifloxacin

33

4 15,39 Maltol 72 0,86 C6H6O3

a naturally occurring organic 
compound that is used 
primarily as a flavor enhancer.

34

5 16,05 Phenylethyl Alcohol 92 0,92 C8H10O

colourless liquid that is 
slightly soluble in water, being 
found in a variety of essential 
oils.

35

6 16,86
4H-Pyran-4-one, 

2,3-dihydro-3,5-dihydroxy-
6-methyl-

88 0,60 C6H8O4
natural substances and 
extractives 36

7 17,08 Cyclopropyl carbinol 73 0,41 C4H8O
natural product found 
in Portulaca oleracea 37

8 19,87 5-Hydroxymethylfurfural 85 0,60 C6H6O3

It is used to synthesize many 
useful compounds and new 
polymer materials, including 
resin plastics, diesel fuel 
additives, etc.

38

9 20,36 2-Methoxy-4-vinylphenol 86 0,32
 

C9H10O2

It has a role as a pheromone, 
a flavouring agent and a plant 
metabolite.

39

10 21,97 2-(4-Methoxyphenyl)ethanol 84 3,72 C9H12O2

natural product 
found in Nymphaea 
rudgeana, Amorphophallus 
albispathus, 
and Amorphophallus lacourii

40

11 22,21 1,2,3-Benzenetriol 91 6,06 C6H6O3

a benzenetriol 
carrying hydroxy groups at 
positions 1, 2 and 3. It has a 
role as a plant metabolite.

41

12 23,76 Benzeneethanol, 4-hydroxy- 88 40,22 C8H10O2

Naturally occurring or 
synthetic substances that 
inhibit or retard oxidation 
reactions. They counteract the 
damaging effects of oxidation 
in animal tissues.

42

13 24,89 Sucrose 73 4,61
 

C12H22O11

It has a role as an osmolyte, 
a sweetening agent, a 
human metabolite, an algal 
metabolite.

43

14 25,93 β-D-Glucopyranose, 
1,6-anhydro- 91 4,74 C6H10O5

can be used as a precursor 
for the synthesis of quasi-
linear polyglucose (PGlc) 
via cationic ring-opening 
polymerization.

44

15 28,19 d-Mannose 62 0,49 C6H12O6

It has a mild diuretic effect, 
removes bacteria and 
microbes from the body, 
prevents the appearance of 
disorders in the reproductive 
system in men.

45

Table continuation
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№ Retention 
time, min Compound

Probability of 
identification, 

%

Percentage 
content, % Formula Activity Literature

16 31,42 2,7-Anhydro-l-galacto-
heptulofuranose 78 1,77

 
C7H12O6

is a natural product found 
in Ardisia crenata, Panax 
ginseng

46

17 35,63 Heneicosane 91 0,58
 

C21H44

It has a role as a pheromone, a 
plant metabolite and a volatile 
oil component.

47

18 38,97 Hexacosane 89 0,48
 

C26H54

It has a role as a volatile 
oil component and a plant 
metabolite.

48

19 41,95 1-Docosanol, acetate 94 2,08 C24H48O2
A carboxylic ester found 
in Paronychia kapela 49

20 42,07 Hentriacontane 88 0,64 C31H64
It has a role as an 
antitubercular agent. 50

21 42,52 Octadecanal 84 0,67
 

C18H36O

alpha-CH2-containing 
aldehyde Stichodactyla 
helianthus, Melia azedarach, 
and other organisms

51

22 43,40 1-Eicosanol 80 0,39
 

C20H42O

1-Eicosanol has been used 
in gradient HPLC-charged 
aerosol detection method for 
the detection of different lipids

52

23 44,90 Tetracosyl acetate 95 10,67
 

C26H52O2

a sex pheromone produced 
by Ctenopseustis obliquana 
females

53

24 45,47 Pentadecanal- 81 0,50
 

C15H30O

It has a role as an 
antimicrobial agent, a volatile 
oil component and a plant 
metabolite.

54

25 46,29 10-Heneicosene 71 0,59 C21H42
natural product found in 
Hamamelis virginiana 55

26 47,66 Hexacosyl acetate 95 14,32
 

C28H56O2

a component of flowers and 
vegetation that may provide 
antifungal and antibacterial 
activity.

56

27 50,23 Tetratetracontane 75 0,88 C44H90
It has a role as a human 
metabolite. 52

28 50,89 Vitamin E 84 0,40
 

C29H50O2

orally bioavailable alpha form 
of the naturally-occurring fat-
soluble vitamin E, with potent 
antioxidant and cytoprotective 
activities.

55

29 54,62 γ-Sitosterol 82 1,12
 

C29H50O

It has a role as a plant 
metabolite and a marine 
metabolite. It is a 3beta-sterol, 
a member of phytosterols and 
a 3beta-hydroxy-Delta(5)-
steroid.

56

Table continuation
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Figure 5 – Chromatogram of GC-MS analysis of R. algida ethanol extract

Antioxidants are molecules that inhibit the 
oxidation of other molecules. There are two main 
mechanisms of action of antioxidants [29]. The first 
mechanism is chain breaking, in which the primary 
antioxidant gives an electron to the free radical 
present in the system. The second mechanism is 
the removal of reactive nitrogen species (secondary 
antioxidants) by quenching the catalyst initiating 
the chain. Antioxidants can exert their effects on 
biological systems through various mechanisms 
as well as regulating gene expression [30]. Our 
primary results on antioxidant properties support 
this activity.

According to the literature, 2-(4-Methoxyphenyl) 
ethanol is a natural product found in Nymphaea 
rudgeana, Amorphophallus albispathus and 
Amorphophallus lacourii. In the course of research 
into the mechanistic application of kinetic isotope 
effects, it became necessary to obtain 2-aryl ethanols 
labeled with carbon-14 at a specific position of 
the aryl ring. The authors report the synthesis of 
2-(4-methoxyphenyl)ethanol (ring-1-14C) (I) from 
toluene, ring-1-14CJ (II) [40].

1,2,3-Benzenetriol is a benzenetriol with hydroxyl 
groups at positions 1, 2, and 3. It plays the role of a 
plant metabolite. The results by scientists show that 
adsorption can occur through OH dissociation of 
all three hydroxyl groups and that all three reaction 

pathways are kinetically and thermodynamically 
favorable. The proximity between OH groups in 
the molecule promotes intra- and intermolecular 
hydrogen bonding, which stabilizes single- and 
double-bonded adsorbate configurations and limits 
the reactivity of the functional groups [41].

Benzeneethanol, 4-hydroxy – naturally occurring 
or synthetic substances that inhibit or retard oxidation 
reactions. They counteract the damaging effects of 
oxidation in animal tissues. Scientists have confirmed 
that 4-hydroxy-benzene is a naturally effective 
nematicide [45].

Sucrose – plays a role as an osmolyte, a 
sweetener, a human metabolite, and an algae 
metabolite. The use of sucrose as a chemical 
raw material was first motivated by the desire to 
increase a small proportion of the total production 
intended for more valuable applications, mainly for 
non-food purposes. Certain microorganisms, yeasts, 
and bacteria can also convert sucrose to other 
alcohols, as well as to organic acids, amino acids, 
and vitamins. All of these biological processes have 
been improved with modern biotechnology, making 
them more chemically and economically efficient 
and directing them toward new and useful chemical 
products [46].

β-D-Glucopyranose, 1,6-anhydro- can be used 
as a precursor for the synthesis of quasi-linear 
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polyglucose (PGlc) by cationic ring polymerization. 
Thermal analysis of 1,6-anhydro-β-D-glucopyranose 
shows physical transformations of the molecule, 
including transition to solid state, melting and 
evaporation, as well as subsequent chemical ones 
[47].

Tetracosyl acetate is the sex pheromone produced 
by female Ctenopseustis obliquana. In addition to 
hydrocarbons, other compounds present on the cuticle 
also varied considerably among the queen species. 
These compounds included tetracosyl, hexacosyl 
and octacosyl acetates, hexadecanal and octadecanal 
[54]. In our studies, tetracosyl acetate was identified 
from R. algida plants.

Hexacosyl acetate – component of flowers 
and vegetation, which may provide antifungal and 
antibacterial activity. According to literature data, 
phytochemical study of Indigofera heterantha root 
oil showed that hexacosyl acetate has inhibitory 
potential in the composition [57]. Analyzing all the 
works of scientists conducted identification of the 
chemical composition of the plant R. algida and our 
data show the composition of this medicinal plant is 
unique. 

Conclusion

The component composition of the essential oil 
of R. algida was established for the first time. The 
total number of components with a content exceeding 
0.1% is 100, of which 79 components were identified, 
constituting 82.9% of the total weight of the introduced 
sample. The main component of rhodiola essential 
oil is n-hexadecanoic acid (6.8%), 9-octadecanoic 
acid(E), 5.9%. Based on the results obtained, the 
cytotoxic activity and antioxidant properties of the 
medicinal plant R. algida were determined. To our 
knowledge, this is the first study containing data on 
the cytotoxic and antioxidant activity of R. algida 
essential oil from the Kazakhstan Altai. The chemical 
composition of the plant extract was also described 
in detail. The oil obtained from the studied R. algida 
is of great interest from the pharmaceutical point of 
view due to its cytotoxic activity and antioxidant 
properties.

This research was funded by the Science 
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Education of the Republic of Kazakhstan (Grant 
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