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OPTIMIZATION OF THE EXTRACTION PROCESS OF BIOLOGICALLY 
ACTIVE COMPLEXES FROM PSORALEA DRUPACEA BGE ROOTS
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Abstract. The article is devoted to the development of technology for obtaining a 
dry extract from the root of Psoralea drupacea Bge. with the aim of using it to create 
effective drugs for the prevention and treatment of avian influenza. The influence of 
various factors on the extraction process was studied: the nature of the extractant, the 
degree of grinding of the raw materials, the duration of extraction, the extraction method 
(maceration, percolation, extraction with a boiling solvent in a Soxhlet apparatus) on the 
total yield of extractives and the amount of furocoumarins.

The optimal values   of technological parameters for obtaining a dry extract from the 
root of Psoralea drupacea Bge. have been established. The most effective extractant 
is ethanol, and the optimal degree of grinding of raw materials is 1,25 mm. The 
maximum yield of extractive substances (5,80%) and the maximum content of the total 
furocoumarins (72,34%) were detected in extracts obtained in a Soxhlet apparatus for 
three days. However, maceration with stirring and heating can give good results, and 
the advantage of the process is its simplicity and the possibility of increasing the load 
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of raw materials. The yield of the extract after 4 hours is 5,66% with a content of total 
furocoumarins of 57,23%.

Keywords: Psoralea drupacea Bge., extract, maceration, percolation, Soxhlet 
apparatus, extractant
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Аннотация. Мақала құс тұмауының алдын алу және емдеу үшін тиімді 
препараттарды жасау мақсатында Psoralea drupacea Bge тамырынан құрғақ 
сығынды алу технологиясын дамытуға арналған. Экстракция процесінің 
әртүрлі факторларының: экстрагенттің табиғаты, шикізатты ұнтақтау дәрежесі, 
экстракция ұзақтығы, экстракция әдістерінің (шөгу (мацерация), перколяция, 
Сокслет аспабында қайнаған еріткішпен экстракциялау) экстрактивтік заттардың 
жалпы шығымы мен фурокумариндер мөлшеріне әсері зерттелді. Psoralea 
drupacea Bge тамырынан құрғақ сығынды алудың технологиялық параметрлерінің 
оңтайлы мәндері анықталды. Ең тиімді экстрагент этанол болып табылады, 
ал шикізатты ұнтақтаудың оңтайлы дәрежесі 1,25 мм. Сокслет аппаратында 
үш күн бойы алынған сығындылардан экстрактивті заттардың максималды 
шығымы (5,80%) мен жалпы фурокумариндердің максималды мөлшері (72,34%) 
анықталды. Дегенмен, араластыру және қыздыру арқылы жүргізілген мацерация 
жақсы нәтиже бере алады, ал процестің артықшылығы - оның қарапайымдылығы 
және шикізат жүктемесін арттыру мүмкіндігі болды. 4 сағат бойы мацерациялау 
барысында сығындының шығымы 5,66%, ал жалпы фурокумариндер мөлшері 
57,23% құрайды.

Түйін сөздер: Psoralea drupacea Bge., сығынды, мацерация, перколяция, 
Сокслет аспабы, экстрагент
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Аннотация. Статья посвящена разработке технологии получения сухого 
экстракта из корня Psoralea drupacea Bge. с целью использования его для создания 
эффективных препаратов для профилактики и лечения птичьего гриппа. Изучено 
влияние различных факторов на процесс экстракции: природы экстрагента, 
степени измельчения сырья, продолжительности экстракции, способа экстракции 
(мацерация, перколяция, экстракция кипящим растворителем в аппарате Сокслета) 
на общий выход экстрактивных веществ и количества фурокумаринов. Установлены 
оптимальные значения технологических параметров получения сухого экстракта из 
корня Psoralea drupacea Bge. Наиболее эффективным экстрагентом является этанол, 
а оптимальная степень измельчения сырья составляет 1,25 мм. Максимальный 
выход экстрактивных веществ (5,80%) и максимальное содержание суммы 
фурокумаринов (72,34%) выявлен в экстрактах, полученных в аппарате Сокслета 
с продолжительностью три дня. Тем не менее, мацерация с перемешиванием 
и подогревом может дать хороший результат. Достоинством про цесса является 
простота и возможность увеличения загрузки сырья. Выход экстракта за 4 часа 
составляет 5,66 % с содержанием суммы фурокумаринов 57,23 %.

Ключевые слова: Psoralea drupacea Bge., экстракт, мацерация, перколяция, 
аппарат Сокслета, экстрагент.

Introduction. One of the main priorities of scientific support for the pharmaceutical 
industry of the republic is the search and production of domestic herbal medicines, the 
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development of highly effective technologies for their production and introduction into 
industrial production.

One of the promising potential sources of natural biologically active substances 
is the plant Psoralea drupacea Bge. of the Fabaceae family, used in folk and official 
medicine. P. drupacea Bge. is an endemic Central Asian-Iranian species that grows in 
the Commonwealth of Independent States - in the republics of Central Asia and Southern 
Kazakhstan. It grows on dry fine-earth slopes, hills and on plains among ephemeral 
vegetation, where the landscape is often formed; it is also found in rainfed crops. The 
stems are used for fiber, which is used to make strong but rough and brittle ropes. All 
parts of the plant contain essential oils and sticky resins, so the plant is not eaten raw, 
despite its high nutritional value. In winter, after frost, it is eaten in pastures by camels 
and sheep.

More than 100 biologically active substances have been isolated from plants of the 
genus Psoralea, but among these compounds, bakuchiol, psoralen, and isopsoralen 
(angelicin) are of greatest interest.  Since they have pronounced antioxidant, antitumor, 
antibacterial and antiviral properties (Alam, et al, 2018; Prabha, et al, 2013; Jin, et al, 
2020; Egamberdieva, et al, 2013).

The use of  P. drupacea Bge. in medical practice is based on the properties of 
furocoumarins (psoralen and angelicin) in plant roots, which make the skin more 
sensitive to ultraviolet rays and promote the formation of the pigment melanin. This 
property is used to treat vitiligo, alopecia and common hair loss, and psoriasis. 

Psoralen and isopsoralen have a pronounced hepatoprotective effect (Zhou, 
et al, 2019). Also, the above-mentioned furocoumarins show activity in the 
treatment of AIDS (Nabi, et al, 2017). It has been revealed that the structure of 
psoralen can be used as the basis for drugs that can be used to treat patients 
suffering from Alzheimer’s disease (Koul, et al, 2019).

Bakuchiol possess a higher estrogenic activity and estrogen receptor binding affinity 
than genistein (Koul, et al, 2019).

 Based on bakuchiol, its modified analogues have been synthesized in order to 
increase activity, search for and create compounds with new biological activity. The 
work (Mi-Ran, et al, 2012) assessed the inhibitory effect of bakuchiol and analogues on 
the proliferation of cultured human cancer cell lines: A549 (non-small cell lung cancer), 
SK-OV-3 (ovarian cystadenocarcinoma) and SK-MEL-2 (melanoma).

Psoralea drupacea Bge. is a promising object for research, since we previously 
assessed the antiviral activity dry extract of the roots of this plant against strains of 
avian influenza compared to already known commercial drugs such as tamiflu and 
rimantadine. It was revealed that the P. drupacea Bge. extract has the predominant 
antiviral activity (Baisalova, et al, 2020).

 In this regard, the studies to optimize the extraction process for the isolation of 
biologically active substances (BAS) from the roots of P. drupacea Bge. have been 
conducted.

Materials and methods.  As an object of study, the root of the P. drupacea Bge. 
plant was collected at Shagyr station, South Kazakhstan region, Arys district, in the 
autumn season of 2023.

The method of maceration (Olivia, et al, 2021), percolation (Rath, et al, 2006; 
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Azwanida, et al, 2015) and extraction by Soxhlet apparatus have been carried out 
according to the methods specified in the literature (Vongsak, et al, 2013).

For obtaining a dry extract from the resulting liquid extract, it is necessary to 
evaporate the organic solvent into a liquid vacuum evaporator, which is implemented 
according to the method (Hossain, et al, 2013). 

Monitoring of the quantitative content of furocoumarins in the dry extract was carried 
out using gas chromatography-mass spectrometry (Agilent 7890A/5975C).

Results and discussion. Extraction (from the Latin word extragere, which means 
“extract, pull out”) is a method of extracting a substance from a solution or dry mixture 
using a selective solvent (extractant). The most widely used method in the production 
of herbal medicines is extraction in the “solid-liquid” system, where the solid is the 
medicinal plant material and the liquid is the extractant (solvent).

In the process of extraction from raw materials with a cellular structure, three main 
stages can be distinguished: impregnation of dry plant material with an extractant, 
dissolution of plant cell components and transfer of dissolved substances into the 
extractant.

The completeness and speed of extraction are influenced by various factors, such as 
the nature of the extractant, the degree of grinding of the raw materials, the duration of 
extraction, and the extraction method.

The influence of various parameters of the extraction process, namely extractant 
nature, raw material grinding degree, extraction duration, extraction method maceration, 
percolation, extraction by Soxhlet apparatus with boiling of the solvent) on the total 
yield of extractive substances and the amount of furocoumarins was studied.

The selected optimal parameters based on the total yield of extractive substances 
(ES) and the amount of furocoumarins. The mass of the raw material in the experiments 
was 5.0 grams, the ratio of the mass of the raw material:extractant is 1:10.

Solvents used in the extraction of plant and biological materials are called extractants. 
The extractant must have the ability to penetrate cell walls and selectively dissolve 
biologically active substances inside the cell.

To select the optimal extractant, the extractant (50 ml) was poured into 5.0 g of 
ground (1.25 mm) raw material in a ratio of 1:10, left to settle at room temperature 
for 24 hours, filtered, and the solvent was removed in a rotary evaporator. The residue 
was dried in an oil vacuum pump and weighed. The yield of extractive substances (ES) 
(biologically active complexes) was determined in relation to the original raw material. 
The composition of furocoumarins was determined by gas chromatography-mass 
spectrometry (Table 1).

Table 1 shows that the maximum yield of ES was obtained with methanol extraction. 
At the same time, the selectivity of furocoumarin extraction with methanol is lower than 
with ethanol, and the amount of furocoumarins in the methanol extract may be lower 
due to the extraction of by-products. In addition, due to the restriction of methanol use 
in the extraction of medicinal substances, ethanol was used in extraction optimization 
experiments.
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Table 1 – Effect of the extractant nature on the yield of extractive substances

Extractant The yield of ES, % Angelicin, % Psoralen, % Furocoumarin content, %
Ethyl acetate 0.70 37.55 14.77 52.32
Acetone 1.02 44.15 21.75 65.90
Ethyl alcohol 2.80 41.52 17.34 58.86
Methyl alcohols 4.00 34.83 12.47 47.30

When extracting from plant materials, biologically active substances diffuse from 
the internal structures of the material particle. The diffusion process, based on direct 
contact of the extractant with the contents of the cells, is complicated by the fact that the 
cells containing the active substances are separated from the extractant by a layer that 
does not contain valuable substances (epidermis, cork, cortex). To facilitate the diffusion 
process, the raw materials must be crushed. This achieves a significant increase in the 
contact surface between the particles of the raw material and the extractant.

To determine the effect of raw material grinding degree on the yield of ES, the 
plant raw material was crushed and sifted through sieves with different mesh sizes. 
Raw material particles of 6.00-3.15 mm, 2.80 mm, 1.25 mm and 0.80 mm in size were 
selected. Then, 5.0-gram portions of the raw material were filled with ethanol in a ratio 
of 1:10, left for 10 days at room temperature, and then the extracts were processed as 
described above. The yield was determined in relation to the original raw material. The 
amount of furocoumarins was determined by GC-MS sample analysis (Table 2). 

Table 2 shows that the yield of furocoumarins increases with increasing degree 
of raw material grinding. Reducing the amount of raw material particles leads to an 
increase in the surface washed by the extractant and, as a consequence, to increase the 
yield of extractable substances. It should be noted that with particle sizes of 1.25 mm 
and 0.80 mm, the yields are quite close, and too high degree of grinding (particle size – 
0.80 mm) is technologically unacceptable, that is, difficulties with filtration or formation 
of emulsions may arise. Therefore, raw materials with a grinding degree of 1.25 mm is 
optimal, and the raw materials with a particle size of 1.25 mm were used in subsequent 
experiments.

Table 2 – Dependence of the ES yield on the particle size

ES
The particle size 

6.00 - 3.15 mm 2.80 mm 1.25 mm 0.80 mm
The yield of ES, % 5.72 5.74 5.95 6.10
Angelicin, % 25.95 31.52 33.86 33.86
Psoralen, % 13.25 12.72 16.07 17.94
Furocoumarin content, % 39.20 44.24 49.93 51.80

From the equation describing the extraction process it follows that the amount of 
substance diffused through a certain layer is directly proportional to the extraction 
time. That is, as the extraction time increases, the amount of extracted substances will 
increase.
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Further, the dependence on the extraction duration was determined. For this, ethanol 
was poured into the raw material of 1.25 mm in size in a ratio of 1:10. During a period of 
4 hours, 24 hours, 5 and 10 days, the extracts were settled and filtered. It was processed 
as described above, and the yield was determined in relation to the raw material. The 
results are presented in Table 3.

Long maceration increases the yield of the total extract, but the content of 
furocoumarins in the extract after 10 days of infusion decreases, apparently due to the 
complete extraction of other substances contained in the plant material. Taking into 
account the yield of the total extract and the content of furocoumarins in it, maceration 
for 5 days is preferable.

Table 3 – Dependence of the yield of ES on the extraction duration

ES 4 hours 24 hours 5 days 10 days
The yield of ES, % 2.22 2.80 5.34 5.95
Angelicin, % 31.01 41.52 41.46 33.86
Psoralen, % 11.75 17.34 14.90 16.07
Furocoumarin content, % 42.76 58.86 56.36 49.93

Maceration is the simplest method of extraction, but not the most effective. Extraction 
efficiency can be increased by mixing. Increasing the temperature of the extractant also 
helps. For this purpose, ethanol was poured into 1.25 mm samples of raw materials, 
keeping a ratio of 1:10. They were stirred at room temperature and at 50°C for 4 hours. 
The resulting extracts were processed as described above. The results are presented in 
Table 4.

Table 4 – Dependence of the ES yield on the maceration process activation

Extractable substances Maceration conditions
20°С, 
infusion 

20°С, 
stirring 

50°С, 
stirring

The yield of ES, % 2.22 4.12 5.66
Angelicin, % 31.01 35.77 37.82
Psoralen, % 11.75 19.25 19.41
Furocoumarin content, % 42.76 55.02 57.23

Stirring and heating help activate the maceration process. Stirring allows 
approximately double the yield of extract in one go, and slight heating allows tripling 
the yield of ES (same as 5-day extraction at room temperature).

To determine the optimal extraction method, the extraction process was conducted 
by percolation method and ethanol extraction in a Soxhlet apparatus.

Percolation was conducted as follows: plant material (20 g) was loaded into a column 
with a tap at the bottom, 200 ml of ethanol was poured in and the material was left for 6 
hours to moisten and swell. The extract was decanted, a fresh portion of the extractant 
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was added, and after 1 hour the extract was poured out. Percolation was carried out 
in 4-stroke and 9-stroke modes. The combined extracts were processed as described 
above. The extract was analyzed by GC-MS.

Extraction was conducted by Soxhlet apparatus in the following order: raw material 
loading – 200,0 g, extractant volume – 2,0 l. Extraction duration was 3 days and 5 days. 
The extract was processed as indicated above and analyzed by GC-MS (Table 5).

Table 5 - Yield of ES obtained by percolation and Soxhlet apparatus

ES Percolation 
4 cycles

Percolation 
9 cycles

Soxhlet apparatus, 
3 days

Soxhlet apparatus, 
5 days

The yield of ES, % 2.85 3.60 5,80 7.60
Angelicin, % 34.88 53.47 56.12 51.73
Psoralen, % 14.46 14.63 16.22 13.26
Furocoumarin content, % 49.34 68.10 72.34 64.99

The extraction method using a Soxhlet apparatus turned out to be the most effective 
compared to the maceration and percolation method, where the amount of extracted 
compounds is determined by the equilibrium concentration.

As we see, existing traditional extraction methods do not allow the process of 
extraction of biologically active substances to be carried out effectively and efficiently. 
This necessitates the search for new modern extraction methods. One such method is 
ultrasonic extraction. When using ultrasound, there is an acceleration of the production 
process, as well as an increase in the main product.

Speeding up and increasing the completeness of the extraction of biologically 
active substances can be achieved by another modern extraction method - microwave 
extraction.

This type of extraction makes it possible to obtain extractive substances with high 
yields in a short time, while the consumption of extractants is noticeably reduced. 
Microwave extractors allow more precise control of extraction parameters (temperature 
and time), resulting in more reproducible results. A noticeable acceleration of microwave 
extraction will preserve the quality of the extracts and also makes it possible to obtain 
production volume in a short time.

Further work will be devoted to microwave and ultrasonic influence on the process 
of extracting biologically active substances of P. drupacea Bge.

Conclusion. 
Thus, a technology for obtaining P. drupacea Bge. extract was developed. An 

important role in obtaining the extract is played by the extraction method, the nature 
of the extractant, the particle size, and the duration of extraction. By varying these 
parameters, you can obtain the maximum possible yield of extractives and the amount 
of furocoumarins.

Analyzing the obtained data, we can conclude that the most effective extraction 
method is the extraction of P. drupacea Bge. roots with ethanol by Soxhlet apparatus. 
In this case, the yield of dry extract after 3 days was high (5.80%) and the maximum 
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amount of furocoumarins was also high (72.34%). However, maceration with stirring 
and heating can give good results, and the advantage of the process is its simplicity and 
the possibility of increasing raw materials loading. After 4 days, the yield of the extract 
became 5.66%, and the total content of furocoumarin was 57.23%.
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