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DERIVEBETULINFROM KYRGYZ BIRCH BARK(BETULAKIRGHISORUM) THROUGH 

ALKALINE HYDROLYSIS AND MICROWAVE RADIATION METHODS 

 

Abstract: the work is devoted to the isolation of the pentacyclic triterpenoid betulin from   Kyrgyz birch 

bark. Kyrgyz birch (Betulakirghisorum) is an endemic plant listed in the Red Book of Kazakhstan. The 

collection of raw materials was carried out on the territory of the Kent forestry of the Karkaralinsky state 

national natural park. 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 the conditions of the classical method of hydrolysis is observed when birch bark is boiled 

for 3 hours in a water-alcohol solution of alkali. Betulin was identified using IR and NMR spectroscopy, 

HPLC. Using the characteristic absorption frequencies in the IR spectra and the chemical shift in the 1H NMR 

spectra, the presence in the compound of various groups of atoms and bonds characteristic of the betulin 

molecule was determined. Qualitative and quantitative analysis of betulin was carried out by HPLC. This 

substance has been isolated from Kyrgyz birch for the first time. 

In order to intensify the process of betulin isolation from brist bark of Kyrgyz birch, the method of 

microwave extraction was used. The greatest yields of betulin are observed when exposed to a microwave field 

for 9 minutes. Compared with the classical methods of betulin extraction, the extraction rate in the microwave 

field increases 15-20 times. 

Key words: betulin, Kyrgyz birch, birch bark, extraction, microwave field, filtrate. 

 

Introduction. Birch is a genus of deciduous 

monoecious trees and shrubs of the birch family. 

Usually there are 120-140 species of birch trees in 

the temperate and cold zones of the world and in the 

mountains of the subtropics. The chemical 

composition of the bark of many birch species 

(Betula pendula Roth., BetullapubescensEhrh., 

Betulladavurica Pall., Etc.) has been studied in 

sufficient detail [1–3]. On the territory of 

Kazakhstan, there are 15 species of birches, 

including 4 endemic: thick-barbed birch, Talas 

birch, Kyrgyz (Kazakh) birch, Yarmolenko birch. 

The last three species are included in the Red Book 

of the Republic of Kazakhstan. Kyrgyz birch 

Betullakirghisorum grows in a relatively small 

territory of Kazakhstan. According to literary and 

Internet data, it is found on the territory of the 

Karkaralinsky State National Natural Park and the 

Naurzum State Natural Reserve [4]. 

Birch bark serves as a source of various 

extractives, the betulin (triterpene alcohol) content 

of which ranges from 10 to 40%. The richest in 

extractives is the outer bark of various birch species, 

in the extracts of which pentacyclic terpenoids of 

the lupane series predominate, with betulin being 

the main component [5, 6]. The steadily growing 

interest in betulin and its derivatives is due, first of 

all, to a very wide range of its application in various 

fields. The availability and biological activity of 

betulin makes it one of the most valuable natural 

compounds; therefore, the development of various 

methods for the extraction of betulin is currently an 

urgent task [5]. 

The currently known methods for producing 

betulin have the following disadvantages: a low 

degree of extraction, multistage and duration of the 

isolation process, as well as a large consumption of 

alkali [9]. Existing methods for the isolation of 

betulin can be divided into two main groups. One of 

them is based on the extraction of the outer layer of 

the bark various solvents in the Soxhlet apparatus 

and the extraction 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 
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hydrolysis of birch bark. However, exhaustive 

hydrolysis of crushed birch bark (1-3 mm) proceeds 

under rather harsh conditions: alkali concentration 

20-25% and duration of birch bark hydrolysis 6-8 

hours [6]. 

In order to intensify the process of betulin 

release and increase its yield, the authors proposed 

to first activate birch bark under conditions of 

"explosive" autohydrolysis, then carry out alkaline 

hydrolysis of autohydrolyzed birch bark and extract 

betulin with lower aliphatic alcohols [7]. The 

proposed method can significantly reduce the 

duration of alkaline hydrolysis and achieve 95% of 

the recovery of betulin from birch bark. 

The influence of shock-acoustic action 

(ACA) on the process of extraction of betulin with 

an alkaline water-alcohol solution has been studied. 

It was revealed that the ASW at a temperature of 

700C for 5 minutes intensifies the process of 

hydrolysis of birch bark. 

It is known that one of the effective methods 

for the extraction of plant materials is microwave 

treatment in a microwave (microwave) field. The 

nature of the effect of the microwave field is similar 

to the intense moisture-thermal treatment carried 

out by a combination of the effects of conductive 

heating and live steam, but the destruction of the 

birch bark structure under the microwave field 

occurs to a greater extent. The effect of the 

microwave field creates excess pressure in certain 

zones of the plant structure due to vaporization and 

expansion of air in capillaries and voids [5]. 

This work shows the possibility of 

intensifying the process of betulin release from 

birch bark of Kyrgyz birch using microwave 

exposure. Betulin (3β, 28-dihydroxy-20 (29) - 

lupen) belongs to the pentacyclic triterpenoids of 

the lupane series and is one of the main components 

obtained from birch bark. Recently, the biological 

activity of betulin and its derivatives in different 

countries of the world has been widely studied [6 - 

10]. However, there are no works devoted to the 

isolation and study of lupane triterpenoids from the 

bark of Kyrgyz birch, an endemic plant in the 

Republic of Kazakhstan. 

Цель настоящей работы –исследование 

методов выделения и количественного выхода 

бетулина из бересты березы киргизской 

(Betulakirghisorum) в зависимости от условий 

экстракции. 

The purpose of this work is to study the 

methods of deriving and quantitative yield of 

betulin from brist bark of Kyrgyz birch 

(Betulakirghisorum), 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 (birch bark) was crushed 

to particles with a size of 1-5 mm, dried at 1000C to 

constant weight. 

Methods for separating betulin from birch 

bark by the classical method. Extraction was 

carried out according to a well-known technique [4]. 

In a round bottom flask with a volume of 2 liters, 

equipped with a stirrer and a reflux condenser, was 

charged 400 grams of raw material. 300 ml of 

sodium hydroxide solution of various 

concentrations and 750 ml of isopropyl alcohol 

were poured into the flask. Then the reaction 

mixture was boiled in a water bath for 2-4 hours 

with vigorous stirring. After boiling, the reaction 

mixture was quickly filtered from the remains of 

non-hydrolyzed birch bark on a Buchner funnel. In 

a water-alcohol mixture, the crude betulin 

precipitated, it was separated by filtration and dried 

to constant weight in a drying oven at 60°C. The 

product was recrystallized in isopropyl alcohol. 

Methods for isolating betulin from birch 

bark by microwave exposure. Extraction was 

carried out in a microwave installation, inside which 

a 500 ml extraction flask with a reflux condenser 

was built, as well as in a Monowave 400 microwave 

reactor, Anton Paar, in a 30 ml vial (Fig. 1). 

 

 
а) 

 
в) 

Figure 1- а) Microwave installation with 

extraction flask and reflux condenser,в) microwave 

reactor Monowave 400, Anton Paar 
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Methods for studying the quantitative 

yield of betulin. In this work, we pursued the 

following goal: 1) to study the dependence of the 

quantitative yield of betulin from Kyrgyz birch on 

the duration of extraction by the classical method 

and the concentration of an aqueous solution of 

alkali, 2) to study the intensification of the process 

of betulin release from birch bark using a 

microwave field. 

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 ShimadzuLC - 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. 
Resultsand Discussion. In order to 

determine the influence of the concentration of 

alkali in an alcohol solution, the duration of 

hydrolysis and an increase in the yield of betulin 

from birch bark of Kyrgyz birch, a series of 

experiments were carried out, the results of which 

are presented in Table 1. 

 

Table 1- Data on the yield of betulin extracted by 

butanol from birch bark of Kyrgyz birch, 

hydrolyzed in the presence of sodium hydroxide 

 
Concentration 

NaOH, % 

Duration of hydrolysis of birch bark 

with butanol, hour 

2 3 4 

15 2,9 4,9 2,5 

20 6,5 10,9 5,9 

25 5,9 7,6 5,5 

30 3,9 5,2 2,7 

 

As can be seen from the data presented in 

table 1, the maximum yield of betulin under the 

conditions of the classical hydrolysis method is 

observed in a 20% alkali solution for 3 hours. 

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, the sample was analyzed through the 

method ЯМР (Fig.2). Analysis of 1H NMR 

spectrum shows that it corresponds to the 

characteristic spectrum of betulin. Thus, the 

multiplet is 3.20 ppm. corresponds to the C3H 

proton. Multiplet 2.39 ppm - proton С19 H. Singlet 

0.98 ppm - protons С23Н, singlet 0.77 ppm - to 

protons С24Н. Doublet of doublets 3, 20 ppm - 

protons С28 Н2. The doublet at 4.62 ppm 

corresponds to the C29 H2 vinyl protons. 

 

 
Figure 2- 1Н – betulin spectr 

 

Thus, it has been established that the substance 

isolated from the bark of Kyrgyz birch is betulin 

(Fig. 3). 



Reports   of the Academy of Sciences of the Republic of Kazakhstan 

 

90 

 
Figure 3-Structural formulaofbetulin 

 

To intensify the process of separating betulin 

from birch bark, the method of microwave 

extraction was used. Data on the yield of betulin 

extracted using a microwave field in the presence of 

sodium hydroxide from birch bark of Kyrgyz birch 

are given in Table 2. 

 

Table2-Mass of betulin extracted by 

microwave field method, g 

 
Concentrat

ion 

NaOH, % 

Time of exposure to the microwave 

field, min  

3 6 9 12 

15 3,

05 

5,

60 

15,

55 

7,6

2 

20 3,

23 

8,

47 

17,

26 

9,4

6 

25 3,

24 

9,

13 

18,

25 

10,

15 

 

As can be seen from table 1, under the 

conditions of the classical hydrolysis method, the 

maximum betulin yield of 10.9 g is observed when 

birch bark is processed for 3 hours. Under 

conditions of exposure to a microwave field with an 

alkali concentration of 20-25%, within 6 minutes, 

the yield of raw betulin is 8.47 and 9.13 g. The 

highest betulin yields in 15.55-18.25 g are observed 

when exposed to microwave - fields for 9 min. 

Consequently, in comparison with the classical 

methods of betulin extraction, the extraction rate in 

the microwave field increases 15-20 times. With a 

further increase in the duration of the extraction 

process, the yields of the target product decrease. 

Apparently, this is duetother esinificationofbetulin. 

Raw betulin, obtained by the method of 

microwave extraction, is a light gray powder, 

odorless and foreign inclusions. After 

recrystallization from isopropyl alcohol, betulin is a 

white powder. 

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 the conditions of 

the classical method of hydrolysis is observed when 

birch bark is boiled for 3 hours in a water-alcohol 

solution of alkali. To intensify the process of betulin 

isolation from birch bark of Kyrgyz birch, the 

method of microwave extraction was used. The 

greatest yields of betulin are observed when 

exposed to a microwave field for 9 minutes. In 

comparison with the classical methods of betulin 

extraction, the extraction rate in the microwave field 

increases 15-20 times. With a further increase in the 

duration of the extraction process, the yields of the 

target product decrease. 
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(BETULAKIRGHISORUM) ҚЫРҒЫЗ ҚАЙЫҢЫНЫҢ ҚАБЫҒЫНАН СІЛТІЛІК ГИДРОЛИЗ 

ЖӘНЕ МИКРОТОЛҚЫНДЫ СӘУЛЕЛЕНДІРУ ӘДІСТЕРІМЕН  БЕТУЛИНДІ БӨЛІП АЛУ 

 

Аннотация: жұмыс қырғыз қайыңының қабығынан пентациклді тритерпеноид бетулинді бөліп 

алуға арналған. Қырғыз қайыңы (Betulakirghisorum) Қазақстанның Қызыл кітабына енгізілген 

эндемикалық өсімдік болып табылады. Шикізатты жинау Қарқаралы мемлекеттік ұлттық табиғи 

паркінің Кент орман шаруашылығының аумағында жүргізілді. Қырғыз қайыңынан алынатын бетулин 

шығымының экстракция ұзақтығына және сілтінің сулы ерітіндісінің концентрациясына тәуелділігі 

бойынша зерттеулер жүргізілді. Классикалық гидролиз жағдайындағы бетулиннің максималды 

шығымы қайың қабығын сілтінің сулы-спиртті ерітіндісінде 3 сағат бойы қайнату кезінде байқалады. 

Бетулин идентификациясы ЖТСХ, ИҚ және ЯМР – спектроскопия әдістерін пайдалану арқылы 

жүргізілді. ИҚ – спектрлеріне тән жұтылу жолақтары мен  ЯМР1Н – спектрлеріндегі химиялық ығысу 

мәндерінің көмегімен қосылыста бетулин молекуласына тән әртүрлі атомдар мен байланыстардың бар 

екендігі анықталды. ЖТСХ әдісімен бетулинге сандық және сапалық талдау жүргізілді. Қырғыз 

қайыңынан бұл зат алғаш рет бөлініп алынды.  
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Қырғыз қайыңының қабығынан бетулинді бөліп алу үрдісін жылдамдату үшін микротолқынды 

экстракция әдісі қолданылды. Бетулиннің жоғары шығымдары микротолқынды өрістің 9 минут 

ішіндегі әсері нәтижесінде байқалады. Бетулинді экстракциялаудың классикалық әдістерімен 

салыстырғанда, микротолқынды өрісіндегі экстракция жылдамдығы 15-20 есе артады. 

Түйін сөздер: бетулин, қырғыз қайыңы, қабық, экстракция, АЖЖ өріс, фильтрат. 
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ВЫДЕЛЕНИЕ БЕТУЛИНА ИЗ БЕРЕСТЫ БЕРЕЗЫ КИРГИЗСКОЙ (BETULAKIRGHISORUM) 

МЕТОДАМИ ЩЕЛОЧНОГО ГИДРОЛИЗА И МИКРОВОЛНОВОГО ИЗЛУЧЕНИЯ 

 

Аннотация: работа посвящена выделению пентациклического тритерпеноида бетулина из 

бересты березы киргизской. 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 экстракции и концентрации водного раствора щелочи. Максимальный выход 

бетулина в условиях классического метода гидролиза наблюдается при кипячении бересты в течение 

3 часов в водно-спиртовом растворе щелочи. Бетулин идентифицировали  с использованием методов 

ИК- и ЯМР - спектрокопии, ВЭЖХ.  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 выделено впервые.   

Для интенсификации процесса выделения бетулина из бересты березы киргизской использовали 

метод СВЧ-экстракции. Наибольшие выходы бетулина наблюдаются при воздействии СВЧ-поля в 

течение 9 мин. По сравнению с классическими методами экстрагирования бетулина  скорость 

экстрагирования в СВЧ- поле повышается в 15- 20 раз.  

Ключевые слова: бетулин, береза киргизская, береста, экстракция, СВЧ-поле, фильтрат. 
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