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Abstract — Betulin, a pentacyclic triterpenoid abundant in the outer bark of Betula species, represents a valuable natural
compound for pharmaceutical, biomedical, and cosmetic applications. Its further utilization, however, requires reliable
technologies capable of providing material with a consistently high level of purity. This review examines current strategies
for recovering and purifying betulin from birch bark, with emphasis on the relationship between physicochemical properties
of the compound and the efficiency of individual separation processes. Solvent-based extraction, recrystallization,
chromatographic procedures, and alternative purification techniques are discussed with consideration of solvent polarity,
temperature-dependent solubility, hydrogen-bonding interactions, and crystalline solvate formation. Reported experimental
procedures and patented technologies are evaluated with respect to product purity, solvent requirements, operational
complexity, recovery efficiency, and prospects for technological scale-up. Methods employed for structural identification and
purity control, particularly high-performance liquid chromatography and spectroscopic techniques, are also reviewed.
Analysis of the published data indicates that recrystallization remains a practical route for obtaining highly purified betulin,
although its effectiveness strongly depends on appropriate solvent selection and careful control of processing conditions.
Differences in the composition of birch bark associated with species and geographical origin are additionally considered, with
particular interest in less extensively investigated taxa such as Betula kirghisorum. The development of more selective,
resource-efficient, and environmentally sustainable extraction and purification processes is expected to improve the
production of high-purity betulin from renewable birch resources and expand opportunities for its subsequent chemical
modification and practical application.

Keywords — betulin; Betula spp.; birch bark; pentacyclic triterpenoids; isolation; purification; solvent extraction;
recrystallization.
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Aocmpakm — berynun — Betula TybichlHa JKaTaThlH KailblH TYpJIEPiHIH CBIPTKBI KaOBIFBIHZAA €9yip MeJliepe
KUHAKTANAThIH TaOWUFM TEHTAlMKIAI TpuTeprneHoua. OHBbIH OHONOTHSJIBIK KAaCHETTEPiHIH ajlyaH TYpJUIr IKoHe
(hapmarieBTHKa, OMOMEIMIIIHA MEH KOCMETOJIOTHS cajajapblHia NaiaagaHy MyMKIHAIr OYJ KOCBUTBICKA JEreH FhUIBIMU
KOHE TPAKTHKAIBIK  KbI3BIFYIIBUIBIKTEL  apTTHIPaAbl. beTynuH  HeriziHgeri eHiMaepAl  d3ipiey[diH  MaHbI3JbI
AIFBIIIAPTTAPBIHBIH 0ipi — KaXKEeTTi Ta3albIK AEHreWiHAeri KOCBUIBICTHI TYPaKThl dpi THIMJI alyFa MYMKIiHJIK OepeTiH
TeXHONOTUsapAbl Tanaay. OcChbl WOy KYMBICHIHIA KailblH KaObIFbIHAH OCTYyNMHII Oeuin ajxy jKoHe Ta3apTy YUIH
KOJIZJAHBUIATHIH 3aMaHayl TACULIEp KYHEJCHIM, ONapablH epeKIIeNniKTepi CalbICTRIPMAIIbl TYPIE KapacThipbuiabl. Herisri
Ha3ap epITKIIITIK OJKCTpakIusara, KaiiTa KpHUCTAIJaHIBIpyFa, Xpomarorpadusuiblk Oesnyre jxoHe (U3UKA-XHUMHUSIBIK
Ta3apTyAbIH 0acKa dicTepine aynapbuiibl. TazapTy HOTHIKECIHE dCep €TETiH epPITKIIITIH MOJSPIBIFbL, TEMIIEpaTypara Toyeii
epIrilITIK, MOJIEKYJIaapaliblK OpPEKETTEeCyJIep JKOHE KPHUCTAIIBIK COJNbBATTAPIBIH TY3UIyl CHUSIKTBHI (pakTopiap TajjaHIbl.
OzebnerTe cunarTaiFaH THKIPHOETIK 9IicTep MEH HMAaTeHTTEIIeH TEXHOJIOTHSIIAp aJbIHATBIH OHIMHIH Ta3allbIFbl, €PiTKiII
IIBIFBIHBI, TEXHOJIOTHSUIBIK Y/EPICTIH KYPIENUTri JKOHE OHBI OHJIPICTIK NeHreiire MacimTadTay MYMKIiHAITT OOWBIHIIA
CaJIBICTHIPBUIABI. BeTyMMHHIH KYpBUIBIMBIH COHKECTEHJIPY JKOHE Ta3allblK JOpEXeciH aHBIKTay YILIIH KOJIAaHBLIATHIH
AQHATUTHKAJIBIK 9J[iCTEpre, COHBIH IMIiH/E JKOFapbl THIMII CYHBIKTBIK XpOMaTOTpadusIChl MEH CIEKTPOCKOMISUIBIK Talliay
TocijzepiHe A€ Hazap aynapbUiibl. JKWHAKTanFaH NepeKTep KaiTa KpUCTAIIAHABIPYABIH KOFaphl Ta3aIbIKTaFbl OETYINH
TyIbIH TPaKTHKAJIBIK TYPFBIIAH THIM/I 9iCTepiHiH Oipi eKeHiH KepceTeai. Anaiifa OHbIH HOTMIKEIIIT epITKIIITI TyphIC
TaHJayFa JXOHE Y/EPICTIH TEXHOJOTHSUIBIK IapaMeTpJepiH OHTaiIaHIsIpyFa Tikeneil OaiinaHbicTbl. COHBIMEH Karap
KalBIHHBIH TYPJIK epeKmIelNiri MeH TeorpadusulblK ecy >XaFnaijapblHbIH OeTyJHH MeJmepi MEH KypaMblHa BIKIAJIbI
MaHBI3/Ibl 3epTTey OarbIThl OOubIN TadbuTaabl. Ockl TypreIAaH Kasakcran aymarbiH/a TapaiFaH, CABICTRIPMAIIBI TYPIE a3
3eprrenreH Betula kirghisorum Typi epekiie KbI3bIFYIIBUTBIK TYABIPaIbl. DKOJIOTHSIIBIK KAYIIICi3, pECYpPCThI YHEMICHTIH jKoHE
CEJIEKTUBTI IKCTPAKLMSUIAY MEH Ta3apTy TEXHOJOTHSUIAPBIH JKETUIAIPY KaHApThUIATHIH OCIMAIK HIMKi3aThIHAH JKOFaphI
Ta3aJIbIKTaFrbl OCTYNWMH OHAIPYIiH THIMJI TEXHOJOTHSUIBIK HETi3iH KalbITACTBIPyFa XXOHE OHBI opi Kapal XHMUSIIBIK
Mo (UKaIHsuIay MEH PaKTUKAIBIK KOJIJIaHy MYMKIHAIKTEpiH KEHEUTyre bIKIaj eTe/i.

Kinm ce30ep — Oerynun; Betula spp.; KaliblH KaOBIFbI; TEHTAMKIII TPUTEPIICHOUTAD; OOIII ajly; epiTKIMITIK SKCTPaKITHSL;
Ta3apTy; KalTa KpUCTaJIaHbIpy.
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Annomayusa — berynuH — TPUPOAHBIA TMEHTAIMKINYECKUH TPUTEPIICHOW, HAKAIUIMBAIOIIUNUCS B 3HAYUTENBHBIX
KOJIMYECTBAX B HAPY)KHOM clioe KOpbl pacreHuid poja Betula. PaznooOpaszune OMONOTMYECKUX CBOWCTB M TEPCHEKTHBBI
NpUMeHEHHsT B (papMaleBTHUKe, OMOMEIUIMHE U KOCMETOJIOTHH OOYCIOBIUBAIOT YCTONYMBBIA HAyYHBIH M MPAKTUYECKUH
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UHTEpeC K JAHHOMY coequHeHuto. OJHUM U3 KIFOYEBBIX YCIOBHH NaTbHEWIIEro HCIOJb30BaHHS OCTYIUHA U CO3JaHHS
NPOJYKTOB HAa €ro OCHOBE SBISICTCS pa3pabOTKa TEXHOJIOTHUECKH 3()(GEKTUBHBIX CIHOCOOOB MOJYYSHHUs BEIIECTBA C
BOCIIPOM3BOJUMO BBICOKOH CTEMEHBIO YMCTOTHI. B HacTosimeM 0030pe CHCTEMAaTH3HPOBAaHBI COBPEMEHHBIC MOJIXOIbI K
BBIJICTICHUIO M OUHCTKE OSTYIIMHA U3 OepecThl M IIPOBEICHO X CPABHUTEIBEHOE paccMoTpenne. OCHOBHOE BHUMAHHE YEIECHO
OKCTPAKIMH OPTraHHYECKUMH PACTBOPUTEISAMH, MEPEKPUCTAILUTH3AIMH, XPOMATOTPpapUUIECKOMY Ppa3ieieHHI0O W IPyrUM
(H3UKO-XUMHYECKHM CIIOCO0AM OYHMCTKH. [IpOoaHaTM3MPOBAaHO BIHMSHHE TMOJSIPHOCTH PACTBOPHUTENS, TEMIIEPATypBhI,
PacTBOPUMOCTH, MEXKMOJICKYISIPHBIX B3aUMOJCHCTBUII U 00pa3oBaHHs KPUCTAUTHYECKUX COMbBATOB Ha 3((EKTHBHOCTD
pasJieneHnss U KauyeCTBO KOHEYHOTO MpOAyKTa. [IpencTaBieHHbIC B HAyYHOW JUTEpaType 3KCIEPUMEHTAIbHBIC METOIbI U
3aMaTeHTOBaHHBIC TEXHOJIOTUYECKHUE PEIICHUS] COMOCTABICHBI MO CTEMIEHH OYMCTKH OeTyJHMHA, PacXoy PacTBOpHTENeH,
CITO)KHOCTH TEXHOJIOTUYECKOTO MPOIlecca U MepCreKTHBAM MacIITabupoBaHus. PacCMOTpeHbl METO/IbI UACHTH(HKAIIMK H
KOHTPOJISI YHCTOTBHI IOJy4aeMOTO COEIMHEHHUs, B TOM 4YHCIe BBICOKOA((]EKTHBHAS KUAKOCTHAas Xpomartorpadus u
CIEKTPOCKONMYECKHE MeToAbl aHanm3a. OO0o00meHne OnyOJIMKOBaHHBIX JaHHBIX CBHJETEILCTBYET O TOM, 4YTO
MEPEKPUCTAILUTH3AIUSI OCTACTCS MPAKTHYESCKH 3HAYUMBIM CITOCOOOM MOIYYCHHUsI BRICOKOOUHINEHHOTO OETYINHA, OJIHAKO e¢
PE3YIbTAaTUBHOCTH B 3HAYUTEJILHOM CTEIEeHU OIpPEACIACTCA BI)I60pOM PacTBOPUTEIA U OHTHMHS&HHCﬁ TEXHOJIOTHYCCKHUX
napameTpoB. OT/eNbHOEe BHUMaHUE YAENEHO BIMSIHUIO BHUIOBOW NPUHAUIEKHOCTH M Teorpaduueckoro MmpoucXOoKIeHHs
PacTHTENBHOTO ChIPhs Ha XapaKTePUCTHKU BBIACIIEMOro OeTynuHa. B 3TOM acmekre OcoObIi HMHTEpeC MPEACTaBisieT
CpaBHMUTENbHO Masiom3ydeHHblii Bun Betula kirghisorum, pacnpoctpanennsiii Ha Tepputopun Kazaxcrana.
CoBepIICHCTBOBAHHE CEIICKTUBHBIX, PECYPCOCOSPEraoINX U AKOIOTHYECKH TPHEMIEMBIX METOJIOB SKCTPAKIIUK U OYHCTKH
MOXET CO3/1aTh TEXHOJOTHYECKYIO OCHOBY IS 3 ()EKTHBHOTO MOJTYYSHUs BBICOKOUYUCTOTO OCTYIIMHA 13 BO30OHOBIISIEMOTO
PaCTUTENFHOTO CHIPbS M PACHIMPHUTh BO3MOXKHOCTH €r0 IOCIEAYIOIICH XUMHUYECKOH MOIU(UKAINK M TPAKTHYSCKOTO
MPUMEHEHHS.

Kntouesvie crosa — Oerynun; Betula spp.; Oepecra; NEHTAUUMKIMYECKHE TPHUTEPIICHOUMBI;, BBIICICHUE, DKCTPAKIIUS

PaCTBOPUTCIIAMU,; OYUCTKA, MICPCKPUCTAIIIIN3 AL

MAIN PROVISION

A comparative analysis of published and patented
methods showed that recrystallization is one of the most
accessible and effective approaches for obtaining high-
purity betulin from birch bark extracts.

The efficiency of betulin purification is primarily
determined by the physicochemical properties of the
solvent, temperature conditions, betulin solubility, and
the formation of crystalline solvates.

The combination of extraction and recrystallization
with chromatographic and spectroscopic control
provides a reliable approach to the isolation,
identification, and purity assessment of betulin.

The selection of an appropriate solvent system and
optimization of purification conditions can reduce the
content of accompanying triterpenoids and other
impurities while minimizing solvent consumption and
process complexity.

The reviewed approaches provide a basis for the
development of scalable and environmentally
sustainable technologies for producing high-purity
betulin from renewable birch bark resources.

INTRODUCTION

Natural triterpenoids and their chemically modified
analogues continue to be of considerable interest as
promising sources of biologically active substances.
Among this broad class of natural compounds, betulin
occupies a particularly important position because of its
availability, diverse biological properties, and potential
for further structural modification. Highly purified

betulin has therefore become the subject of extensive
research and is increasingly considered as a valuable

starting material for the development of pharmaceutical
and cosmetic formulations [1-8].

Research on betulin has a long history extending
over two centuries. Early studies describing its
extraction from the outer bark of birch species and
subsequent isolation in crystalline form appeared
during the first half of the nineteenth century.
Nevertheless, interest in this triterpenoid has remained
substantial, largely because its practical utilization
depends not only on its biological properties but also on
the availability of reproducible methods for obtaining
material of appropriate purity and quality. Existing
extraction procedures allow betulin to be recovered
from birch bark; however, further improvement of its
isolation and purification remains important for both
laboratory  studies and potential large-scale
applications. Consequently, optimization of extraction
conditions, purification procedures, and reliable
approaches to compound identification continues to
represent an important area of research.

Particular attention may also be given to birch
species growing under the specific ecological and
geographical conditions of Kazakhstan. Investigation
of natural triterpenoids isolated from endemic and
locally distributed species, including the Kyrgyz birch
(Betula Kirghisorum), provides an opportunity to
compare the qualitative and quantitative composition of
bark-derived compounds among birch species
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originating from different geographical regions. Such
comparative studies may help clarify the relationship
between  geographical  origin,  environmental
conditions, species-specific characteristics, and the
accumulation of triterpenoid constituents in plant raw
materials. These data may ultimately provide a
scientific basis for evaluating B. kirghisorum as a
potential local source of betulin and related biologically
active compounds.

LITERATURE REVIEW
1. General Information on Betulin and Some of Its
Derivatives
Betulin 1 is a naturally occurring pentacyclic
triterpenoid belonging to the lupane-type triterpenes. Its
systematic name is 3f,28-dihydroxylup-20(29)-ene,
also referred to as lup-20(29)-ene-3f3,28-diol (Fig. 1).
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Figure 1. Betulin (3f,28-dihydroxylup-20(29)-ene or
lup-20(29)-ene-33,28-diol).

The structure of lupane-type triterpenoids is based
on a complex polycyclic system containing a
cyclopentanoperhydrophenanthrene  (sterane)  core
composed of four fused cyclohexane rings and one
saturated cyclopentane ring. According to the
conventional numbering of the carbon skeleton, the
rings are designated A, B, C, D, and E in order of
increasing carbon atom numbers (Fig. 1). A
characteristic structural feature of betulin 1, indicating
its classification within this group, is the presence of a
five-membered E ring and an a-isopropenyl group at
the C-19 carbon atom [9].

Birch bark consists of two clearly distinguishable
layers: the outer bark and the inner bark. The outer bark
is particularly rich in extractive compounds. Betulin 1,
which is responsible for the characteristic white color
of birch bark, is the major component of nearly all birch

bark extracts. Lupeol 2 is a common accompanying
compound during the isolation of betulin (Fig. 2). In
addition to betulin 1, birch bark extracts contain several
oxidized derivatives, including betulin aldehyde 3,
betulonic aldehyde 4, betulinic acid 5, methyl
betulinate 6, and 3-oxobetulinic (betulonic) acid 7 (Fig.
2).

Figure 2. Terpenoids 2-7 accompanying betulin 1
during its isolation from birch bark.

The chemical composition of the bark of several
birch species, including Betula pendula Roth. (B.
verrucosa Ehrh.), Betula pubescens Ehrh. (B. alba L.),
and B. davurica Pall., has been extensively studied [10].
The betulin content of the outer bark varies from 10 to
40%, depending on the birch species, geographical
location and growing conditions, tree age, season, and
other factors [11,12].

The diverse properties of betulin are closely
associated with its biological role in plants. Betulin is
synthesized and accumulated predominantly in the
outer protective tissues, where it contributes to the
plant’s defense against adverse environmental factors.
As a component of the protective bark layer, betulin
contributes to resistance against radiation, bacteria,
fungi, viruses, and insects. The remarkable durability of
birch bark is illustrated by its ability to remain
preserved in soil for more than 1,000 years without
substantial decay, as demonstrated by the well-known
birch-bark manuscripts discovered in Novgorod.

METHODS FOR BETULIN PURIFICATION

Betulin (1) is generally obtained as a white
crystalline solid that may also display partially
amorphous  characteristics. ~ Crystallization ~ from
commonly used organic solvents does not always
produce well-developed large crystals. This behavior
can be associated with the structural features of the
molecule, particularly the predominance of weakly
polar and lipophilic hydrocarbon fragments.

Structurally, betulin (1) contains an olefinic double
bond together with two hydroxyl groups of different
types: one primary and one secondary alcohol group.
The presence of these functional groups substantially
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affects its interactions with organic solvents and
explains its comparatively greater affinity for media of
intermediate polarity than for strongly nonpolar
solvents. Betulin has the molecular formula CsoHsoO2
and a molar mass of 442.72 g/mol. Literature data
indicate some variation in its reported melting
characteristics. A melting point of 261 °C and an optical
rotation of [a] = +20° in pyridine have been reported
[14], while Hausmann reported a melting temperature
of 258 °C [15]. The compound is odorless and
demonstrates good stability upon exposure to
atmospheric oxygen and light. It is also generally
regarded as non-toxic. According to the literature,
betulin (1) is not encountered naturally in an unbound
free form [16].

From a physicochemical perspective, betulin is
characterized by relatively low chemical reactivity and
practically no solubility in water. After isolation, it
commonly forms pale or nearly white prismatic
crystals. Its solubility increases considerably in several
organic media, particularly at elevated temperatures.
Betulin dissolves comparatively well in boiling
alcohols and is also soluble in ether, chloroform,
benzene, pyridine, tetrahydrofuran, and dimethyl
sulfoxide. Among alcohols, the reported solubility
trend is 1-butanol > 1-propanol > ethanol > 1-pentanol
> 1-hexanol > methanol. For ester-based solvents, the
corresponding sequence is ethyl acetate > methyl
acetate > ethyl formate = methyl formate [17].

In contrast, betulin exhibits limited solubility in
nonpolar organic media [18,19]. Its solubility, however,
is strongly dependent on temperature as well as solvent
properties. This effect can be illustrated by comparing
acetone and cyclohexane. At 15.2 °C, approximately
5.2 g/L of betulin can dissolve in acetone, whereas its
solubility in cyclohexane is only about 0.1 g/L.
Increasing the temperature to 35.2 °C raises these
values to 13.7 and 0.67 g/L, respectively. These data
demonstrate the pronounced influence of both solvent
polarity and temperature on the dissolution behavior of
betulin.

Despite its lower solubility in hydrocarbons, the
use of nonpolar media can provide important
advantages during purification [20]. In particular,
recrystallization from such solvents minimizes the
formation of solvent-containing crystalline phases.
Polar solvents, by contrast, are capable of participating
in hydrogen-bonding interactions with the hydroxyl
groups of betulin. Hydrogen bonds may therefore be
established both between betulin molecules themselves
and between betulin and solvent molecules, facilitating
solvate formation [20].

Most conventional procedures used for the
purification of crude betulin rely on recrystallization
from polar protic or aprotic media [21]. Typical
solvents include lower aliphatic alcohols, acetone,
chloroform, ethyl acetate, and dichloromethane.
Although these solvents are suitable for dissolving and
recrystallizing betulin, their application has several
limitations. In particular, betulin may form crystalline
complexes or solvates with the solvent. Furthermore,
the selectivity of such systems toward structurally
related accompanying components is often insufficient.
Crude birch-bark extracts may contain lupeol,
polyphenolic compounds, and oxidation products of
betulin, including betulinic and betulonic acids as well
as related aldehydes. Their efficient separation during
conventional recrystallization can therefore be difficult.
Another important disadvantage is the loss of the target
compound, which may reach approximately 40%
during purification.

An alternative strategy aimed at improving the
purity of betulin involves recrystallization from high-
boiling hydrocarbons. Nonane, which has a boiling
point of approximately 151 °C, has been investigated as
a representative solvent for this purpose [22,23]. In this
procedure, crude betulin is heated under reflux with
nonane until complete dissolution of the target
compound is achieved.

Recrystallization using nonane has been reported to
produce betulin with a purity of up to 98%. The
principal advantage of this approach is that a high-
boiling hydrocarbon medium reduces the likelihood of
forming stable betulin—solvent complexes. At the same
time, differences in the physicochemical behavior of
the individual components of crude alcoholic birch-
bark extracts make their selective separation possible.

The nonane-based procedure may therefore provide
not only highly purified betulin but also additional
valuable fractions containing polyphenolic compounds
and phytosterols. Betulin obtained at approximately
98% purity can be employed in subsequent chemical
transformations without an additional purification step.
Another technological advantage is the possibility of
recovering nonane after the purification process and
returning it to the production cycle. Consequently,
solvent consumption and overall processing costs can
potentially be reduced.

High-purity betulin can also be prepared indirectly
through the hydrolysis of its ester derivatives. In
particular, betulin diacetate can be hydrolyzed by
heating in ethanol in the presence of excess potassium
hydroxide. This transformation has been described as
an effective route for producing betulin with a purity of
approximately 98%.
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Chromatographic techniques provide another
approach to the purification of lupane- and oleanane-
type triterpenoids. Studies [24,25] examining betulin,
betulin diacetate, and allobetulin demonstrated
favorable results when column chromatography was
performed using aluminum oxide as the stationary
phase and acetone as the mobile phase. GC-MS
analysis indicated that chromatographic treatment
increased the proportion of the target triterpenoids by
approximately 4-7%, with the final purity reaching
about 95-98%. The procedure effectively removes
accompanying substances and yields materials suitable
for further wuse in organic synthesis and in
electrochemical, microbiological, spectroscopic, and
related investigations. Its reported practical benefits
include relatively straightforward operation, short
processing times, and the ability to obtain highly
purified products.

Other purification strategies have also been
described. For example, benzene and chloroform have
been employed to separate polar and nonpolar
contaminants from betulin-containing materials [26].
Another procedure combines alkaline treatment with
subsequent removal of accompanying substances using
xylene as an aromatic hydrocarbon solvent [27]. These
approaches illustrate the variety of solvent systems that
have been investigated to exploit differences between
the physicochemical properties of betulin and those of
associated extractives.

Crystallization conditions have a pronounced effect
on the morphology and dimensions of the resulting
betulin crystals. In study [26], crystallization of an
ethanolic betulin extract produced small, flat,
transparent, colorless crystals with an average size of
approximately 0.2 mm. In contrast, gradual cooling of
a hot saturated ethanol solution to room temperature
resulted in substantially larger crystals, with lengths
reaching approximately 12 mm. Structural studies have
shown that crystallization from ethanol produces an
orthorhombic betulin phase containing ethanol in the
crystal lattice. The resulting solvate contains betulin
and ethanol in a 1:1 ratio, with the two components

associated through hydrogen-bonding interactions
[20,28,29].

Melting behavior remains one of the traditional
physicochemical parameters used for evaluating the
identity and purity of isolated betulin. Published
melting temperatures cover a relatively broad interval
of approximately 251-261 °C [27], although values
near 255 °C are reported most frequently. Thermal
observation of ethanol-derived betulin crystals reveals
several successive transformations. At approximately
130-140 °C, darkening of the crystals accompanies the
release of ethanol. Sublimation becomes noticeable at
around 160-170 °C, while heating to 180-200 °C leads
to the appearance of new transparent microcrystalline
formations on the surface of the initial crystals.
Complete melting occurs at approximately 255-256 °C.
Subsequent cooling does not restore the original
crystalline structure; instead, the material solidifies as
an amorphous, glass-like phase. Atmospheric-pressure
sublimation has likewise been reported to produce
bright white powders consisting of amorphous
spherical microparticles [26].

Overall, the available data demonstrate that the
efficiency of betulin purification is governed by several
interrelated  factors, including solvent polarity,
temperature, hydrogen-bonding ability, solvate
formation, and differences in the solubility of betulin
and accompanying birch-bark constituents.
Conventional recrystallization, hydrocarbon-based
purification, hydrolysis of betulin derivatives, and
chromatographic separation each provide different
advantages and limitations in terms of purity, product
recovery, solvent consumption, and technological
complexity. Further optimization of these processes is
therefore important for obtaining betulin  of
reproducible quality and for improving the utilization
of birch bark as a renewable source of valuable
triterpenoids. Efficient isolation and purification may,
in turn, broaden opportunities for the subsequent
chemical modification and practical application of
betulin and its derivatives.
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