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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
The aim of study: β-Sitosterol is a bioactive phytosterol 

with recognized anti-inflammatory, hypocholesterolemic, and 
immunomodulatory properties. While Zygophyllum fabago 
L. is known to contain steroidal compounds, systematic 
studies on the isolation of pure β-sitosterol from this species 
are limited, particularly regarding the use of green extraction 
technologies and the achievement of high-purity yields for 
industrial applications. This study aimed to isolate and identify 
β-sitosterol from the herb of Z. fabago L. utilizing subcritical 
CO2 extraction as an environmentally sustainable and selective 
methodology for nonpolar compounds.

Materials and methods: β-Sitosterol was isolated from the 
herb of Zygophyllum fabago L. using subcritical CO2 extraction 
(57–65 atm, 18–27 °C, 6 L/h). The crude extract was purified 
via vacuum liquid chromatography (VLC) on silica gel 60 and 
recrystallized from methanol, with purity monitored by TLC 
(UV 254/366 nm and H2SO4 visualization). Identification was 
performed using 1H and 13C NMR spectroscopy and the structure 
was confirmed by comparison with literature data.

Results: The subcritical CO2 extraction yielded 20 g of crude 
extract (2.3% yield). The purification process resulted in 1.0 g 
of pure β-sitosterol, representing a 5% yield relative to the crude 
extract. TLC analysis showed a single characteristic spot, and 
NMR data definitively confirmed the structure, identifying key 
signals such as the C-3 hydroxyl group, the Δ5 double bond, and 
the characteristic branched aliphatic side chain.

Conclusion: These results demonstrate that Z. fabago L. is 
a high-yielding natural source of β-sitosterol. Furthermore, 
the study validates subcritical CO2 extraction as a highly 
effective and selective approach for the preparative isolation of 
phytosterols from plant matrices, offering significant advantages 
in terms of purity and environmental impact.

Key words. β-sitosterol, Zygophyllum fabago L., subcritical 
CO₂ extraction, vacuum liquid chromatography (VLC), NMR 
spectroscopy.
Introduction.

β-Sitosterol is a plant-derived steroid compound belonging 
to the phytosterol group and is widely distributed in various 
plant species. This compound is known to exhibit diverse 
pharmacological activities, including anti-inflammatory, 
hypocholesterolemic, and immunomodulatory effects, making 
it of considerable interest in pharmaceutical and nutraceutical 
research [1]. The biological activity of β-sitosterol is closely 

related to its chemical structure, which resembles that of 
cholesterol, allowing it to influence lipid metabolism and 
modulate immune responses in the body [2].

Given the expanding clinical applications of phytosterols, 
identifying novel botanical sources with high sterol 
concentrations is of paramount importance for the 
pharmaceutical and nutraceutical industries. While β-sitosterol 
is widely distributed in the plant kingdom, the efficiency of 
its industrial recovery is often hindered by low concentrations 
in raw materials and the co-extraction of complex impurities. 
Zygophyllum fabago L. represents a promising yet underutilized 
substrate that may offer a more favorable metabolite profile for 
large-scale isolation. Developing standardized protocols for 
the preparative recovery of high-purity β-sitosterol from this 
species is essential to validate its potential as a cost-effective 
and sustainable natural source.

Zygophyllum fabago L. is a medicinal plant belonging to the 
family Zygophyllaceae and is distributed across regions of 
Asia and Europe. Several studies have reported that this plant 
contains secondary metabolites such as flavonoids, saponins, 
and steroids, including β-sitosterol, which contribute to its 
biological activities (Figure 1) [3].

However, information regarding the isolation methods of 
β-sitosterol from Z. fabago L. remains limited, highlighting the 
need for further research to obtain this compound in a pure and 
efficient manner.

Extraction using subcritical CO₂ has emerged as a green 
and effective method for isolating bioactive compounds from 
plants. This technique utilizes carbon dioxide under subcritical 
conditions (pressure and temperature below the critical point) 
as a solvent, offering advantages such as high selectivity 
for nonpolar compounds, minimal thermal degradation, and 
environmental friendliness compared to conventional organic 
solvents [4]. The application of subcritical CO₂ extraction is 
expected to enhance the efficiency of β-sitosterol isolation from 
Z. fabago while preserving its biological activity.

Based on this background, the present study aims to isolate 
and identify β-sitosterol from Zygophyllum fabago L. using 
the subcritical CO₂ extraction method, as well as to evaluate 
the purity of the isolated compound through chromatographic 
and spectroscopic techniques. The findings of this study are 
expected to provide a scientific basis for the development of Z. 
fabago L. as a potential source of β-sitosterol in pharmaceutical 
and nutraceutical applications.
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Experimental.
Materials:

The equipment used in this study included standard laboratory 
glassware, a supercritical fluid extractor (Thar SFE-500), a UV 
lamp at wavelengths of 254 and 366 nm, a set of vacuum liquid 
chromatography apparatus, and a 400 MHz NMR spectrometer 
(Bruker). The materials used consisted of dried herb of 
Zygophyllum fabago L. as the primary raw material, carbon 
dioxide (CO₂), methanol p.a. (Merck, Germany), silica gel 60 
(Merck), TLC plates GF254 (Merck), and sulfuric acid (H₂SO₄) 
(Merck).
Extraction:

Extraction was carried out using a subcritical CO₂ extraction 
system. The extraction vessel was loaded with 900 g of dried 
Z. fabago herb and placed in the designated position within the 
extractor. The extraction was performed at a pressure of 57–65 
atm and a temperature range of 18–27 °C, with a CO₂ flow rate 
of 6 L/h. Each extraction run was conducted for 8 hours. At the 
end of the extraction process, the extract from the separator was 
collected in a container. The extraction procedure was repeated 
three times.
Isolation of β-Sitosterol:

Separation and purification of the chemical constituents were 
carried out using Vacuum Liquid Chromatography (VLC) 
followed by recrystallization. Each stage of separation and 
purification was monitored by Thin Layer Chromatography 
(TLC). Silica gel was used as the stationary phase, while a 
mixture of organic solvents served as the mobile phase. The 
crude extract was initially fractionated using Vacuum Liquid 
Chromatography to obtain simpler fractions. Fractions that 
formed crystals were recrystallized using methanol as the 
solvent. The purity of the resulting crystals was evaluated 
by TLC under UV light at wavelengths of 254 and 366 nm, 
followed by spraying with H₂SO₄ as a visualizing reagent and 
subsequent heating.
Identification by NMR Spectroscopy:

The isolated compound was identified based on its TLC profile 
and nuclear magnetic resonance (NMR) spectra, including 
1H-NMR and 13C-NMR, using CDCl₃ as the solvent. The sample 
to be analyzed was prepared in solution form. Approximately 
±1 μg of the sample was placed into a microtube and dissolved 
in CDCl₃. The dissolved sample was then analyzed using an 
NMR spectrometer. The obtained spectral data were interpreted 
and compared with those reported in the literature.
Results and Discussion.

Extraction: Extraction using subcritical CO₂ is an efficient 
method for obtaining bioactive compounds from plants, 
including steroid compounds such as β-sitosterol [5]. Subcritical 
CO₂ extraction offers significant advantages over conventional 
methods, as liquid CO₂ under these conditions exhibits solvent 
properties similar to nonpolar organic solvents, enabling high 
selectivity toward lipophilic compounds. Unlike supercritical 
states, the subcritical liquid phase provides enhanced selectivity 
by reducing the co-extraction of complex polar impurities. 
In addition, the use of relatively low operating temperatures 

(18–27°C) minimizes thermal degradation of thermolabile 
compounds [6], ensuring the structural integrity of the sterol. 
The extraction process yielded 20 g of crude extract (2.3% 
yield). Subsequent purification resulted in 1.0 g of pure 
β-sitosterol, representing 5% of the crude extract weight. These 
results demonstrate that subcritical CO₂ extraction is a highly 
effective and selective approach for the preparative isolation of 
β-sitosterol from Z. fabago L. herb.
Isolation of β-Sitosterol:

The separation and purification of β-sitosterol from Z. fabago 
L. herb were carried out using thin layer chromatography (TLC), 
vacuum liquid chromatography (VLC) and recrystallization. The 
concentrated CO₂ extract obtained from the extraction process 
was fractionated using VLC with various ratios of n-hexane 
and ethyl acetate as the mobile phase. This VLC separation 
was performed to divide the crude extract into several simpler 
fractions based on differences in polarity.

The separation of the extract using the vacuum liquid 
chromatography (VLC) method yielded seven fractions, as 
shown in Figure 2. TLC monitoring revealed that each fraction 
exhibited different Rf values, colors, and spot intensities. These 
differences indicate that the VLC fractionation successfully 
separated the compounds gradually based on their polarity. 
Therefore, this method proved to be effective as an initial 
purification step to simplify the complex mixture and facilitate 
the isolation of β-sitosterol. Based on the visual appearance 
of the seven fractions, Fraction 5 appeared as green-colored 
crystals. This fraction was further purified by recrystallization 
using methanol as the solvent [7]. The recrystallization process 
was repeated until white crystals were obtained, showing 
a single spot during TLC monitoring (Figure 3). Thus, the 
isolated compound was assumed to be pure β-sitosterol. The 
purification process yielded 1.0 g of pure β-sitosterol (5% of the 
crude extract).
Identification of β-Sitosterol:

Needle-shaped crystals obtained from Fraction 5 exhibited no 
absorption under UV light (254 and 366 nm) but appeared as 
a single brown spot after derivatization with 15% H₂SO₄ and 
heating [8]. These chromatographic characteristics suggested 
the compound belongs to the phytosterol class. Definitive 
structural identification was performed using ¹H-NMR and 
¹³C-NMR spectroscopy. The NMR spectra are presented in 
Figure 4.

The ¹³C-NMR spectrum revealed 29 carbon signals, confirming 
the steroidal skeleton. The signal at δC 71.9 ppm, correlating 
with a proton multiplet at δH 3.52 ppm, indicated the presence 
of a β-hydroxyl group at C-3. The presence of an intracyclic 
double bond at the Δ5 position was confirmed by signals at δC 
140.9 (quaternary C-5) and δC 121.9 (methine C-6), along with a 
characteristic vinylic proton signal at δH 5.34 ppm (H-6).

The aliphatic region showed two characteristic singlets for 
the angular methyl groups at δH 0.67 (H-18) and 1.00 (H-19). 
The side chain structure was confirmed by specific splitting 
patterns of the methyl protons, which resonated in the upfield 
region. The methyl group at C-21 appeared as a doublet at δH 
0.92 (J=6.5 Hz). The terminal isopropyl moiety displayed two 
doublets at δH 0.81 (H-26) and 0.83 (H-27) (J≈6.8 Hz), while 
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Figure 1. Zygophyllum fabago L.

Figure 2. Chromatogram of fractions obtained from VLC; (a) under UV 254 nm; (b) under UV 366 nm; (c) visualized with 15% H₂SO₄ reagent.
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Figure 3. TLC chromatogram of Fraction 5 after recrystallization: (a) observed under UV 366 nm after spraying with 15% H₂SO₄; (b) visualized 
with 15% H₂SO₄ reagent.

Figure 4. Typical Characteristics of the NMR Spectrum of Steroid Group Compounds.
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the terminal methyl group at C-29 appeared as a triplet at δH 
0.85 (J=7.2 Hz). The remaining methylene and methine protons 
of the steroid nucleus resonated between δH 1.00 and 2.30 ppm, 
forming a complex overlapping pattern typical of the saturated 
steroid backbone. These spectral data are in full agreement with 
reported literature values for β-sitosterol [9] (Table 1).

The NMR spectral data obtained in this study demonstrate 
a high degree of correlation with the reference values for 
β-sitosterol reported in the literature [9]. β-Sitosterol (C₂₉H₅₀O) is 
characterized by a tetracyclic cyclopentanoperhydrophenanthrene 
nucleus with a long aliphatic side chain at the C-17 position. 
The consistent chemical shifts observed in both ¹³C-NMR 
and ¹H-NMR spectra definitively confirm the presence of this 
steroidal framework and its associated functional groups. 

The efficiency of the isolation process in this study is 
noteworthy, as it yielded 1.0 g of pure β-sitosterol, representing 
5% of the total crude subcritical CO2 extract. This concentration 
significantly exceeds the levels typically reported for many 
conventional plant sources, where β-sitosterol often constitutes 
less than 1–2% of the primary extract. Furthermore, the use of 
subcritical (liquid) CO2​ at low temperatures provided a distinct 
advantage in terms of selectivity. Unlike traditional solvent 
extraction or supercritical fluid extraction, which frequently 
result in the heavy co-extraction of chlorophylls and complex 
waxes, our method facilitated the recovery of a 'cleaner' 
primary fraction. This high initial purity substantially simplified 
the subsequent vacuum liquid chromatography (VLC) 
and recrystallization steps, reducing solvent consumption 
and processing time. Thus, Z. fabago L., combined with 
subcritical CO2​ technology, demonstrates superior potential 
for the preparative-scale production of high-purity phytosterols 
compared to other botanical substrates.
Conclusion.

In this study, β-sitosterol was successfully isolated and 
identified from the herb of Zygophyllum fabago L. utilizing a 
subcritical CO₂ extraction process. The optimized extraction 

conditions (57–65 atm, 18–27°C) coupled with vacuum 
liquid chromatography and methanol recrystallization proved 
highly effective, yielding 1.0 g of high-purity β-sitosterol 
(5% relative to the crude extract). The chemical structure was 
definitively confirmed by ¹H-NMR and ¹³C-NMR spectroscopy, 
demonstrating high correlation with literature data. These findings 
highlight the efficiency and selectivity of the environmentally 
sustainable subcritical CO₂ method for the preparative isolation 
of phytosterols. Furthermore, the significant yield obtained 
suggests that Z. fabago L. is a promising industrial source of 
β-sitosterol for potential applications in clinical research and 
pharmacology.
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Аннотация.
Цель исследования: β-Ситостерол представляет собой 

биоактивный фитостерол, обладающий признанными 
противовоспалительными, гипохолестеринемическими 
и иммуномодулирующими свойствами. Несмотря на 
то, что Zygophyllum fabago L. известен содержанием 
стероидных соединений, систематические исследования 
по выделению чистого β-ситостерола из данного вида 
ограничены, особенно в аспекте применения экологически 
чистых («зеленых») технологий экстракции и достижения 
высокой чистоты продукта для промышленного 
использования. Данное исследование направлено 
на выделение и идентификацию β-ситостерола из 
травы Z. fabago L. с использованием субкритической 
экстракции CO2 как экологически устойчивого и 
селективного метода извлечения неполярных соединений. 
Материалы и методы: β-Ситостерол был выделен 
из травы Zygophyllum fabago L. с использованием 
субкритической экстракции CO2​ (57–65 атм, 18–27 °C, 
6 л/ч). Сырой экстракт очищали методом вакуумной 
жидкостной хроматографии (VLC) на силикагеле 
60 и перекристаллизовывали из метанола; чистоту 
контролировали с помощью ТСХ (УФ 254/366 нм и 
визуализация H2SO4). Идентификация проводилась с 
помощью 1H и 13C ЯМР-спектроскопии, а структура была 
подтверждена путем сравнения с литературными данными. 
Результаты:  В результате субкритической экстракции 
CO2​ было получено 20 г сырого экстракта (выход 
2,3%). В процессе очистки было выделено 1,0 г чистого 
β-ситостерола, что составляет 5% от веса сырого экстракта. 
Анализ ТСХ показал наличие одного характерного 

пятна, а данные ЯМР окончательно подтвердили 
структуру, идентифицировав ключевые сигналы, такие 
как гидроксильная группа при C-3, двойная связь Δ5 и 
характерная разветвленная алифатическая боковая цепь. 
Заключение:  Данные результаты подтверждают, что 
Z. fabago L. является богатым природным источником 
β-ситостерола с высоким выходом продукта. Кроме того, 
исследование доказывает, что субкритическая экстракция 
CO2​ является высокоэффективным и селективным 
подходом для препаративного выделения фитостеролов 
из растительных матриц, обеспечивая значительные 
преимущества с точки зрения чистоты продукта и 
экологической безопасности. 

Ключевые слова: β-ситостерол, Zygophyllum fabago L., 
субкритическая CO2​-экстракция, вакуумная жидкостная 
хроматография, ЯМР-спектроскопия.

აბსტრაქტი.
კვლევის მიზანი:  β-სიტოსტეროლი წარმოადგენს 

ბიოაქტიურ ფიტოსტეროლს, რომელიც 
ცნობილია თავისი ანთების საწინააღმდეგო, 
ჰიპოქოლესტერინემიული და იმუნომოდულაციური 
თვისებებით. მიუხედავად იმისა, რომ ცნობილია 
Zygophyllum fabago L.-ის შემადგენლობაში 
სტეროიდული ნაერთების არსებობა, ამ სახეობიდან 
სუფთა β-სიტოსტეროლის გამოყოფის სისტემატური 
კვლევები შეზღუდულია, განსაკუთრებით „მწვანე“ 
ექსტრაქციის ტექნოლოგიების გამოყენებისა და 
სამრეწველო მიზნებისთვის მაღალი სისუფთავის 
პროდუქტის მიღების თვალსაზრისით. მოცემული 
კვლევის მიზანს წარმოადგენდა Z. fabago L.-
ის ბალახიდან β-სიტოსტეროლის გამოყოფა 
და იდენტიფიკაცია სუბკრიტიკული CO2 
ექსტრაქციის გამოყენებით, რომელიც წარმოადგენს 
გარემოსთვის უსაფრთხო და სელექციურ 
მეთოდს არაპოლარული ნაერთების მისაღებად. 
მასალები და მეთოდები: β-სიტოსტეროლი გამოყოფილ 
იქნა Zygophyllum fabago L.-ის ბალახიდან სუბკრიტიკული 
𝐶𝑂2​ ექსტრაქციის გამოყენებით (57–65 ატმ, 18–27 °C, 6 ლ/
სთ). ნედლი ექსტრაქტი გაიწმინდა ვაკუუმური სითხური 
ქრომატოგრაფიის (VLC) მეთოდით სილიკაგელზე (silica 
gel 60) და გადაკრისტალდა მეთანოლიდან; სისუფთავის 
კონტროლი ხორციელდებოდა თხელფენოვანი 
ქრომატოგრაფიით (ულტრაიისფერი გამოსხივება 
254/366 ნმ და 𝐻2𝑆𝑂4  ვიზუალიზაცია). იდენტიფიკაცია 
ჩატარდა 1𝐻  და 13𝐶 ბირთვულ-მაგნიტური რეზონანსული 
(NMR) სპექტროსკოპიის გამოყენებით, ხოლო 
სტრუქტურა დადასტურდა ლიტერატურულ 
მონაცემებთან შედარების გზით.

შედეგები: სუბკრიტიკული 𝐶𝑂2​ ექსტრაქციის შედეგად 
მიღებულ იქნა 20 გ ნედლი ექსტრაქტი (გამოსავლიანობა 
2,3%). გაწმენდის პროცესის შედეგად გამოიყო 1,0 გ 
სუფთა β-სიტოსტეროლი, რაც ნედლი ექსტრაქტის 
წონის 5%-ს შეადგენს. თხელფენოვანი ქრომატოგრაფიის 
(TLC) ანალიზმა აჩვენა ერთი დამახასიათებელი ლაქა, 
ხოლო ბირთვულ-მაგნიტური რეზონანსის (NMR) 
მონაცემებმა საბოლოოდ დაადასტურა სტრუქტურა 
ისეთი საკვანძო სიგნალების იდენტიფიცირებით, 
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როგორიცაა C-3 ჰიდროქსილის ჯგუფი, Δ5 ორმაგი 
ბმა და დამახასიათებელი დატოტვილი ალიფატური 
გვერდითი ჯაჭვის. 

დასკვნა:  მოცემული შედეგები ადასტურებს, 
რომ Z. fabago L. წარმოადგენს β-სიტოსტეროლის 
მაღალგამოსავლიან ბუნებრივ წყაროს. გარდა 
ამისა, კვლევა ადასტურებს, რომ სუბკრიტიკული 
𝐶𝑂2​ ექსტრაქცია არის მაღალეფექტური და 

სელექციური მიდგომა მცენარეული მატრიცებიდან 
ფიტოსტეროლების პრეპარატული გამოყოფისთვის, 
რაც მნიშვნელოვან უპირატესობებს იძლევა 
პროდუქტის სისუფთავისა და გარემოზე ზემოქმედების 
თვალსაზრისით. 

საკვანძო სიტყვები:  β-სიტოსტეროლი, Zygophyllum 
fabago L., სუბკრიტიკული CO2 ექსტრაქცია, ვაკუუმური 
სითხური ქრომატოგრაფია, ბმრ სპექტროსკოპია.
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