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ISOLATION OF BETULIN FROM BIRCH BARK (BETULA KIRGHISORUM) BY THE 
ULTRASONIC ACTIVATION METHOD

Abstract. The work is devoted to the extraction of the pentacyclic triterpenoid betulin from the birch bark 
of the Kyrgyz birch by ultrasonic activation.Kyrgyz birch (Betula kirghisorum) is an endemic plant listed 
in the Red Book of Kazakhstan. The collection of raw materials was carried out on the territory of the Klin 
forestry of the Karkarala State National Natural Park. The dependence of the quantitative yield of betulin 
from Kyrgyz birch on the duration of exposure to an ultrasonic field and the concentration of an aqueous 
alkali solution was studied. The maximum yield of betulin under the conditions of the ultrasonic method is 
observed when exposing to birch bark for 26 minutes in an aqueous alcohol solution of alkali. Betulin isolated 
from the birch bark of the Kyrgyz birch was identified using the methods of IR and NMR spectroscopy, high-
performance liquid chromatography.  Using the characteristic absorption frequencies in the IR spectra and 
the chemical shift in the 1H NMR spectra, the presence of various groups of atoms and bonds characteristic 
of the betulin molecule in the compound was determined. Qualitative and quantitative analysis of betulin was 
carried out by the HPLC method. This substance was isolated from Kyrgyz birch by ultrasonic activation for 
the first time. 

To intensify the process of betulin isolation from the birch bark of the Kyrgyz birch, the ultrasonic 
activation method was used. The greatest yields of betulin are observed when exposing to an ultrasonic field 
for 26 minutes. Compared with the classical methods of betulin extraction, the extraction rate in the ultrasonic 
field increases by 5-10 times. 

Key words: pentacyclic triterpenoids, betulin, Kyrgyz birch, birch bark, extraction, ultrasonic activation.

Introduction. Recently, interest in betulin and its derivatives has been steadily growing.This growth is 
primarily due to the availability of renewable raw materials and the identification of a wide range of practical 
valuable properties in them.

Although betulin is found in at least two dozen plants belonging to various genera and families (hazel, 
calendula, licorice, alder, thistle, etc.), the main source of betulin is birch bark, which determines the 
availability of betulin.It is betulin that fills the cavities of the cork tissue cells on the birch trunks and gives 
it a white color [1]. Along with betulin, birch bark extracts also contain its derivatives: lupeol, allobetulin, 
betulin aldehyde, betulonic aldehyde, betulinic acid and 3-oxobetulinic (betulonic) acid.

 It has been proved that betulin and a number of its derivatives have antiseptic, antioxidant, anti-
inflammatory, antitumor, hepatoprotective and other types of biological activity a wide range of biological 
activity [2]. In addition to biological activity, betulin and its derivatives are used in the manufacture of 
special protective coatings, plasticizers, antioxidant additives, emulsifiers [3]. Betulin, in addition to the 
manifestation of various types of biological activity, has a complex immunomodulatory activity and is able 
to enhance the production of key inflammatory cytokines [4].

Birch bark serves as a source of various extractive substances, the content of betulin (triterpene alcohol) 
in which is from 10 to 40 %. The outer bark of various birch species is the richest in extractive substances, 
the extracts of which are dominated by pentacyclic triterpenoids of the lupan series, and the main component 
is betulin [5,6]. The steadily growing interest in betulin and its derivatives is primarily due to the very wide 
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range of its applications in various fields [5]. The availability and biological activity of betulin puts it in a 
number of valuable natural compounds, therefore, it is currently an urgent task to develop various methods 
for extracting betulin [7].

Currently known methods of betulin isolation have the following disadvantages: low quantitative yield, 
multi-stage, long-term isolation process. The existing methods of betulin isolation can be divided into two 
main groups.One of them is based on the extraction of the outer layer of the bark with various solvents in 
the Soxlet apparatus and the isolation of betulin from the obtained extracts. The second group of methods 
includes alkaline hydrolysis of birch bark and subsequent alcohol extraction of betulin. The maximum degree 
of betulin extraction is achieved with complete hydrolysis of birch bark. However, the exhaustive hydrolysis 
of crushed birch bark (1-3 mm) takes place under rather harsh conditions: the concentration of alkali is 20-
25% and the duration of hydrolysis of birch bark is 6-8 hours. [8].

To extractbetulin, the method of shock-acoustic impact is used. The process consists in preliminary 
activation of birch bark and extraction of betulin with an 86% solution of ethyl alcohol. Activation of birch 
bark is carried out by shock-acoustic action at a temperature of 70°C. Shock-acoustic activation (realized, for 
example, by shock effects on the bottom of the technological volume, made in the form of a membrane made 
of elastic material) intensifies the hydrolysis of birch bark, which turns into a homogeneous mass of brown 
color. Pre-activation accelerates the transition of betulin into the solution and helps to increase its yield. Next, 
betulin is precipitated from the evaporated solution when it is diluted with water and separated by filtration. 
The yield of betulin is 43% of the weight of absolutely dry birch bark.

But a significant disadvantage of this method is that betulin is obtained of poor quality, contaminated with 
a difficult-to-separate alkali. Therefore, obtaining a pure product requires additional purification from alkali 
and related colored substances extracted along with the target product.

In addition, as a result of the shock-acoustic impact, additional destruction of plant raw materials occurs 
to a sour cream-like mass with particle sizes up to 1 micron, which complicates the subsequent filtration 
process. The reason for this is the mechanical grinding of the bark to a minimum size to ensure accelerated 
access of the extractant to the surface of the extracted cell material [9].

It is known that one of the most effective methods of extraction of plant materials is ultrasonic activation. 
The task that the ultrasonic activation method is aimed is to improve the quality of the target product. The 
main stage of the process is the penetration of the extractant to the surface of the extracted cells by preliminary 
activation of birch bark by ultrasonic vibrations with parameters that ensure the formation of exploding 
cavitation bubbles on the surface of birch bark particles. The effects of ultrasonic frequency vibrations with 
intensity that is sufficient for the formation of cavitation bubbles exploding on the surface of the treated 
birch bark samples, which explode during each period of vibration, create extractant flows that penetrate 
into the capillaries of raw material particles, preparing the raw material for extraction and then accelerating 
the betulin extraction process. Since the structure of the crust is a capillary-porous body, a large amount 
of air is present in the capillaries and pores (in the initial and dried raw materials). This air creates traffic 
jams that prevent the extractant from penetrating into the raw material. Cavitation bubbles formed due to 
ultrasonic vibrations of certain intensity provide effective movement of the extractant through the capillaries 
and removal by dissolving air plugs due to the sound capillary effect [10]. Thus, the birch bark is impregnated 
with the extractant that moves freely along the capillaries and along their outer surface, which makes it 
possible to extract most of the cells of the raw materials used. In addition, after filling the capillaries with the 
extractant, cavitation bubbles formed on the surface continue to explode and shock waves begin to spread 
along the capillaries along the extractant, destroying the structure of the raw material and cell walls, creating 
cracks and providing access to the cells of the extractant, preparing the raw material (birch bark) for the 
accelerated extraction process.

During the subsequent extraction, the vibrations reduced in intensity are no longer able to mechanically 
destroy the particles of the cortex and cell walls (the destruction and grinding of particles will not occur), 
but the intensive washing out of the target product by the extractant will be effectively carried out due to 
cavitation flows. At the same time, under the influence of ultrasonic vibrations, betulin is washed out more 
quickly and actively from the intracellular tissues of birch bark. Thus, the intensification of the extraction 
process by ultrasonic vibrations with the specified parameters makes it possible to increase the yield of 
betulin. The birch bark activated by the proposed method is extracted faster with ethyl alcohol under the 
action of ultrasound, and when cooled, betulin is easilier deposited in the resulting extract, and the precipitate 
that subsequently falls out is filtered and dried.

The parameters of ultrasonic exposure are of decisive importance in the implementation of the proposed 
method, in which the method for obtaining betulin is implemented with maximum efficiency.
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Birch bark particles previously placed in an ethyl alcohol solution must be activated by ultrasonic 
vibrations in the developed cavitation mode, when exploding bubbles store and transfer maximum energy to 
the capillaries [11].

Betulin (3β,28-dihydroxy-20 (29) - lupen) belongs to the pentacyclic triterpenoids of the lupan series and 
is one of the main components obtained from birch bark. Recently, the biological activity of betulin and its 
derivatives has been widely studied in different countries of the world [12].

 However, there are no works devoted to the isolation and study of triterpenoids of the lupan series from 
the bark of the Kyrgyz birch, an endemic plant of the Republic of Kazakhstan, by ultrasonic activation.

The purpose of this work is to study the quantitative yield of betulin by ultrasonic activation from the birch 
bark of the Kyrgyz birch (Betula kirghisorum), depending on the extraction conditions.

Experimental part. Collection and preparation of raw materials. The collection of birch barks of 
Kyrgyz birch was carried out on the territory of the Kent forestry of the Karkaralinsky state national natural 
park in the summer and late autumn of 2020. The outer part of the birch bark was crushed to particles with a 
size of 1-5 mm, dried at 1000C to constant weight.

Method of betulin isolation from birch bark by ultrasonic activation. The extraction was carried out in 
an ultrasonic dispersant MOD MEF 91, with an intensity of ultrasonic action W/ cm2-up to 250 (Picture.1).

 

Picture 1- Ultrasonic dispersant MOD MEF 91

Methods for studying the quantitative yield of betulin by the ultrasonic activation method. In this 
work, we pursued the following goal: to investigate the dependence of the quantitative yield of betulin from 
Kyrgyz birch on the duration of ultrasonic extraction and the concentration of an aqueous alkali solution.

All betulin samples extracted from birch bark are white powders.
Physical and chemical research of the product.The resulting substances were identified using thin layer 

chromatography (TLC) on Silufol plates.
Melting points were determined on a StuartSMP 10 instrument.
HPLC study of the samples was carried out using a Shimadzu LC - 20 Prominence liquid chromatograph, a 

Zorbax column with a size of 150 * 4.6 mm, and a spectrophotometric SPD 20 AV detector. The mobile phase 
was a mixture of solvents: acetonitrile - water (3:1). Elution was performed isocratic. Column temperature - 
40°C. The volumetric flow rate is 0.8 ml/min. The analysis time is 25 minutes. The detector cell temperature 
is 40°C.

The registration of IR spectra was carried out on a Fourier spectrometer FSM - 1201, in the wavelength 
range of 500 - 4000 cm -1 in KBr tablets.

NMR spectra were recorded on a BruckerAvanceAV-300 spectrometer at a frequency of 300 MHz = (1H) 
according to the standard technique, solvent CDCl3.
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Results and discussion. To intensify the process of betulin isolation from birch bark, the ultrasonic 
activation method was used. The data on the yield of betulin extracted, using an ultrasonic field in the presence 
of sodium hydroxide from the birch bark of the Kyrgyz birch, are shown in the table 1. 

Table 1 - Dependence of betulin yield on the duration of ultrasonic exposure and  the concentration of 
sodium hydroxide

ConcentrationNaOH, % Duration of ultrasonic treatment, min
6 16 26 36

15 2,9 3,1 3,4 3,2
20 6,8 7,5 7,6 7,1
25 15,6 17,2 27,6 26,6
30 10,2 10,6 11,2 10,2

As can be seen from the data presented in Table 1, the maximum yield of betulin under ultrasonic activation 
conditions is observed in a 25% alkali solution for 26 minutes.

All betulin samples extracted by butanol from birch bark hydrolyzed in the presence of sodium hydroxide 
after recrystallization from ethanol are white powders with a melting point of 243°C.

The substances obtained as a result of the experiments were analyzed using IR spectroscopy. Using the 
characteristic frequencies of the absorption bands, the presence in the molecule of various groups of atoms 
and bonds characteristic of the betulin molecule was determined. We identified absorption bands characteristic 
of the following groups of atoms: there is a broad absorption band belonging to the stretching vibrations of 
hydroxyl groups at 3433 cm - 1; stretching vibrations characteristic of C - H groups of the lupane skeleton at 
2920 and 2851 cm - 1; stretching vibrations of the C = C double bond at 1639 cm - 1; deformation vibrations 
of CH2 groups are observed at 1466cm-1; stretching vibrations of the C - O group are observed at 1111 cm - 
1; deformation vibrations of CH3 groups - at 883 cm - 1.

HPLC analysis of the qualitative and quantitative determination of betulin shows that the retention time 
for betulin is 5.1 minutes and the purity of the isolated substance is 97%.

Further, thesamplewasanalyzed through the method NМР(Fig.2). Analysis of the 1H NMR spectrum 
shows that it corresponds to the characteristic spectrum of betulin. So, the multiplet of 3.20 m. d. corresponds 
to the proton C3H. Multiplet 2.39 m. d. – proton C19 N. Singlet 0.98 m. d. – protons C23H, singlet 0.77 m. 
d. - protons C24H. Doublet of doublets 3, 20 m. d. – protons C28 H2. The doublet at 4.62 m. d. corresponds 
to vinyl protons C29 H2.

Figure 2- 1Н – betulin spectrum

Thus, it has been established that the substance isolated from the bark of Kyrgyz birch is betulin (Fig. 3).
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Figure 3-Structural formulaofbetulin

Conclusion. A study of the dependence of the quantitative yield of betulin from Kyrgyz birch on the 
duration of extraction and the concentration of an aqueous solution of alkali was carried out. The maximum 
yield of betulin under conditions of ultrasonic activation is observed at 26 min in an aqueous-alcoholic alkali 
solution. In comparison with the classical methods of betulin extraction, the extraction rate in the ultrasonic 
field is increased by 5-10 times. With a further increase in the duration of the extraction process, the yields of 
the target product decrease.
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from plants and their chemical transformation in order to investigate for new biologically active substances).
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БЕТУЛИНДІ УЛЬТРАДЫБЫСТЫҚ АКТИВТЕНДІРУ ӘДІСІМЕН ҚЫРҒЫЗ ҚАЙЫҢ 
ҚАБЫҒЫНАН (BETULAKIRGHISORUM) БӨЛІП АЛУ

Аннотация. Бұл зерттеу жұмысы қайың қабығынан бетулиннің пентациклді тритерпеноидін 
ультрадыбыстық активтендіру әдісімен бөліп алуға арналған. Қырғыз қайыңы (Betula kirghisorum) 
– Қазақстанның Қызыл кітабына енген эндемикалық өсімдік. Шикізат Қарқаралы мемлекеттік 
ұлттық табиғи паркінің Кенттік орманшылығының аумағында жиналды. Қырғыз қайыңынан бөлініп 
алынған бетулиннің сандық шығымын зерттеу ультрадыбыстық өрістің әсер ету ұзақтығына және 
сілтінің сулы ерітіндісінің концентрациясына тәуелділігі арқылы жүргізілді. Ультрадыбыстық әдіс 
жағдайында қайың қабығынан бөлініп алынған бетулиннің максималды шығымдылығы сілтінің сулы 
– спиртті ерітіндісінде 26 минут уақыт аралығында байқалады. Қырғыз қайыңы қабығынан бөлініп 
алынған бетулиннің құрамы ИҚ және ЯМР спектроскопиясы, жоғары тиімді сұйықтық хроматография 
әдістерін қолдану арқылы анықталды. ИҚ спектрлеріндегі сипаттамалық сіңіру жиілігі және ЯМР1Н 
спектрлеріндегі химиялық ығысуы бойынша бетулин молекуласына тән атомдар мен байланыстардың 
қосылуында әртүрлі топтарының болуы анықталды. Бетулинге ЖТСХ әдісі арқылы сапалық және 
сандық талдау жүргізілді. Қырғыз қайыңынан бетулин ультрадыбыстық активтендіру әдісі арқылы 
алғаш рет бөлініп алынды. 

Бетулинді қырғыз қайыңы қабығынан бөлу процесін жылдамдату үшін ультрадыбыстық 
активтендіру әдісі қолданылды. Бетулиннің ең көп шығымы ультрадыбыстық өріс қатысында 26 минут 
уақыт аралығында байқалады. Бетулинді экстракциялаудың классикалық әдістерімен салыстырғанда 
ультрадыбыстық өрістегі экстракция жылдамдығы 5-10 есе артады. 

Түйінді сөздер: пентациклді тритерпеноидтар, бетулин, қырғыз қайыңы, қайың қабығы, экстракция, 
ультрадыбыстық активация.
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ВЫДЕЛЕНИЕ БЕТУЛИНА ИЗ БЕРЕСТЫ БЕРЕЗЫ КИРГИЗСКОЙ 
(BETULAKIRGHISORUM) МЕТОДОМ УЛЬТРАЗВУКОВОЙ АКТИВАЦИИ

Аннотация. Работа посвящена извлечению пентациклического тритерпеноида бетулина из 
бересты березы киргизской методом ультразвуковой активации. Береза киргизская (Betulakirghisorum) 
является эндемичным растением, занесенным в Красную книгу Казахстана. Сбор сырья был проведен 
на территории Кентского лесничества Каркаралинского государственного национального природного 
парка. Проведено исследование зависимости количественного выхода бетулина из березы  киргизской 
от продолжительности воздействия ультразвукового поля и  концентрации водного раствора щелочи. 
Максимальный выход бетулина в условиях ультра звукового метода  наблюдается при воздействии на 
бересту в течение 26 минут  в водно-спиртовом растворе щелочи. Бетулин, выделенный из бересты 
березы киргизской, идентифицировали  с использованием методов ИК- и ЯМР - спектрокопии, 
высокоэффективной жидкостной хроматографии.  С помощью характеристических частот поглощения 
в спектрах ИК и химического сдвига в ЯМР1Н – спектрах было определено наличие в соединении 
различных групп атомов и связей, характерных для молекулы бетулина. Методом ВЭЖХ проведены 
качественный и количественный анализ бетулина. Из березы киргизской данное вещество методом 
ультразвуковой активации выделено впервые.  

Для интенсификации процесса выделения бетулина из бересты березы киргизской использовали 
метод ультразвуковой активации. Наибольшие выходы бетулина наблюдаются при воздействии 
ультразвукового поля в течение 26 мин. По сравнению с классическими методами экстрагирования 
бетулина, скорость экстрагирования в ультразвуковом поле повышается в 5-10 раз. 

Ключевые слова: пентациклицескиетритерпеноиды,бетулин, береза киргизская, береста, 
экстракция, ультразвуковая активация.
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