
Research Article

Michal Jablonský, Jozef Šima, Petra Strižincová, Katarína Hroboňová, Veronika Majová*, and
Aleš Ház

Valorization of birch bark using a low transition
temperature mixture composed of choline
chloride and lactic acid

https://doi.org/10.1515/gps-2021-0083
received June 14, 2021; accepted November 24, 2021

Abstract: This article presents the results obtained in the
extraction of birch bark with a green solvent. A low tran-
sition temperature mixture (LTTM) consisting of choline
chloride (ChCl) and lactic acid in a molar ratio of 1:1 was
used as the solvent. Extraction was performed at 60°C
and 80°C. At both temperatures, the effect of extraction
time on the yield of the extracted substances was monitored.
The yields reached were compared with those obtained in
studies using common solvents such as ethanol, methanol,
D-limonene, ethyl acetate, and others. The extract was quanti-
tatively analyzed by HPLC-UV to determine betulin and betu-
linic acid (0.491–1.788mg/g dry bark and 0.106–0.316mg/g
dry bark, respectively). Total phenolic content was deter-
mined spectrometrically using Folin–Ciocalteu reagent and
expressed as Gallic acid equivalents (GAE; 18.6–56.8mg
GAE/g dry bark). This study has shown that extraction
with a green solvent composed of ChCl and lactic acid
can be an effective method for extracting polyphenolic
compounds from birch bark. The process for extracting
triterpenes (betulin and betulinic acid) is less suitable

compared to conventional methods using the mentioned
organic extractants.

Keywords: low transition temperature mixtures, birch
bark, triterpenes, extraction

1 Introduction

Plant biomass is a source of a large number of value-
added substances [1]. An important part of biomass is
the bark of trees. It is now generally accepted that the
incineration of bark of any origin to obtain thermal
energy is the least efficient way of its valorization. Many
publications have highlighted the potential of different
species of tree bark in terms of their valorization to obtain
value-added substances. Illustrative examples include the
extraction of spruce bark using deep eutectic solvents
(DES) [2], several woody plants [3], or Acacia nilotica [4].
Considerable attention has also been paid to the proces-
sing of bark from various species of the Betulaceae family
consisting of six plant genera, including Betula (birches),
which is the largest genus in this family [5]. Birch is a
medium-sized deciduous tree with a typical height of
about 20m. Of the genus Betula, silver birch (Betula pen-
dula), and paper birch (Betula pubescens) predominate on
the European continent. In addition to cellulose, hemicellu-
lose, and lignin, birch bark also contains other types of bio-
logically active substances– lupane-type triterpenes (betulin,
betulinic acid, betulin aldehyde, and lupeol), suberin (a com-
plex lipophilic polyester composed of long-chain fatty acids
and glycerol), phenolic compounds [6] as well as lower levels
of other substances such as hydrocarbons and their epoxides,
steroids, tannins, and flavonoids [7–9]. Established extrac-
tion techniques are focused on the isolation ofmainly betulin
and its derivatives, lupeol, and polyphenols.

Researchers have focused on obtaining value-added
substances, examining their properties (especially biolog-
ical ones) and implementing the knowledge gained in
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several industries [6,7,10–17]. To extract value-added
substances from birch bark, organic solvents and their
mixtures with water are used in most cases. However,
such extractants do not meet the requirements for the
use of green solvents and green chemistry practice [18].
In recent years, several methods have been developed to
obtain value-added compounds from birch bark. The
most common way to get betulin is solid–liquid extrac-
tion with organic solvents–ethanol, methanol, n-hexane,
ethyl acetate, dichloromethane, etc. An effective way to
improve the extraction process is to activate the bark with
steam in the presence of sodium hydroxide and subse-
quently treat the bark with an organic solvent. By using
an ethyl acetate/ethanol/water mixture in the presence of
sodium or potassium hydroxide, it was possible to obtain
an extract with betulin content of 74–75% and 85–89%,
respectively [19]. More advanced methods include extrac-
tion of betulin by microwave extraction with limonene.
Such a method made it possible to obtain betulin in high
purity [20].

This article presents the first results of the employ-
ment of a low transition temperature mixture (LTTM),
namely choline chloride (ChCl) and lactic acid in a molar
ratio of 1:1 in the extraction of value-added compounds
from birch bark, total phenolic content (TPC), the content
of triterpene, such as betulinic acid and betulin, and
comparison of our achievements with those obtained by
other mentioned techniques. The work is aimed at deter-
mining the possibilities of extraction of the mentioned
substances under different extraction conditions such
as extraction time (45, 75, 105, and 150min) and tempera-
ture (60°C and 80°C).

Using subcritical water extraction, it is possible to
extract betulinic acid from birch bark in high purity
and yield reaching 28 mg from 10 g bark in half an hour
[21]. Recent research shows the use of wet ethyl acetate in
the presence of microwaves. Treatment of such an extract
with different types of stable monoterpenes, limonene,
pinane, etc., made it possible to obtain betulin with a
purity of 95–97% with high yields. Such a method is
also green and economical, as it is possible to recover
up to 85% of the solvents used [16]. To obtain pure
betulin, Grazhdannikov’s team used a sequence con-
sisting of energy-saving extraction of the outer birch
bark with ethyl acetate, saponification of the extract,
and purification of betulin in limonene or hydrogenated
monoterpenes. The refining of plant metabolites in mono-
terpenes can be considered as a promising method that
successfully competes with known multi-step processes
and methods using toxic solvents [16]. It is surprising (at
least to our knowledge) that no one has tried to isolate

value-added compounds from birch bark using LTTMs,
which are true green solvents and whose extraction effi-
ciency has been confirmed by the extraction of other bark
species, such as spruce bark [2].

In research and technological practice, many LTTMs
are used as extraction agents to recover value-added
compounds from plant waste materials, including tree
bark. In many cases, the yield of these substances is
higher than when using conventional organic extract-
ants. The advantages of LTTMs include their low toxicity,
recyclability, and biodegradability, and LTTMs are con-
sidered environmentally friendly extractants. Our pre-
vious work on the extraction of value-added compounds
from spruce bark as well as works of other authors has
documented the benefits of using LTTM for extraction
[22]. In this work, we only tried to find out whether the
mentioned LTTM are also suitable for the extraction of
value-added compounds from birch bark. We consider
it important to publish the obtained negative result, so
that in the next period no attention will be paid to the use
of LTTM for birch bark extraction. As the primary results
on the extraction yield indicated the inappropriateness of
such a procedure, we did not address other otherwise
important aspects, such as the recycling of the extractant,
etc.

This article presents the first results of the use of
LTTMs, specifically ChCl and lactic acid in a molar ratio
of 1:1 in the extraction of value-added compounds from
birch bark, TPC, the content of triterpenes such as betu-
linic acid and betulin and comparing our achievements
with other mentioned techniques. The work was focused
on verifying the possibilities of extraction of the men-
tioned substances under various extraction conditions,
such as extraction time (45, 75, 105, and 150min) and
temperature (60°C and 80°C).

2 Materials and methods

2.1 Materials and chemicals

The birch (outer and inner) bark (Betula pendula) from
F-Dental Hodonin, Czech Republic was used as rawmate-
rial. The moisture content of the bark (5.9 ± 1.1%) was
determined by drying approximately 2 g of birch bark
at 105°C for 24 h until complete water was removed. All
reagents were of analytical grade. ChCl (≥98.0%), and the
Folin–Ciocalteu reagent were purchased from Sigma-
Aldrich (Germany). A 90.0% lactic acid solution was
obtained from VWR International (Bratislava, Slovakia).
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ChCl was dried in vacuum. Standards of betulinic acid
(97.0%) and betulin (98.0%) were purchased from Nature
Science Technologies (Latvia). Acetonitrile for mobile phase
preparation (HPLC gradient grade) was obtained from
Centralchem (Slovak Republic) and deionized water was
obtained from an AquaMax ultra water purification system
(370 series). In this work, birch bark with a thickness of
2mm after grinding was used.

2.2 Preparation of LTTM

The solvent (LTTM) consisted of ChCl and lactic acid in a
molar ratio of 1:1 and water content of 5.4% by weight.
The preparation of the solvent was carried out with con-
stant stirring at a temperature of about 60°C until a
homogeneous liquid mixture was formed [23].

2.3 Extraction of bark with LTTM

Birch bark and LTTM in a weight ratio of 1:10 (3 g of bark
and 30 g of solvent) were used for extraction. The tube
with these two components was shaken to mix them prop-
erly. The mixtures thus prepared in tubes were placed in an
oven at a constant temperature of 60°C or 80°C and
extracted for 45, 75, 105, or 150min. A tube rotator was
used to ensure constant stirring of the samples. Subsequently,
an extract from each sample was obtained by filtration under
reduced pressure through a fritted glass funnelwith a porosity
of S2. The obtained extract was stored in a closed tube in a
dark and cool place until further use. After filtration, the rest
of the bark was washed with about 0.5 L of pure water to
remove the residual extract. The yield of extractants Y (%)
was determined after each experiment by drying the samples
at 105°C to constantweight. The results were expressed on the
basis of dry matter before and after extraction (Eq. 1):

( )
( )

= ×

−

Y
m m

m
% 100 i j

i
(1)

wheremi is the drymass (g) of the bark before extraction and
mj is the mass (g) of the bark after extraction and drying.

2.4 HPLC instrumentation and conditions

The analysis was performed using an Agilent Technologies
HPLC System (1100 series) consisting of a degasser, a binary
solvent dosing pump, an autosampler, a column thermostat,

and a diode array detector (DAD). Chromatographic separa-
tion was performed on a LiChrospher® 100 RP-18 column
(250mm × 4.6mm i.d.) with 5 μm particle size (Merck,
Darmstadt, Germany). The mobile phase was composed of
acetonitrile and water (85:15, v/v). The analysis was per-
formed at a flow rate of 1mL·min−1. The column temperature
was maintained at 25°C and the injection volume was 20 μL.
The DAD operated in the wavelength range of 190–400nm
and the detection wavelength was set at 210 nm. The run
time was set at 20min. The retention times of betulinic
acid and betulin were 11.3 and 17.9min, respectively.
Quantitative analysis was performed by the calibration
curve method. The values of the retention time, resolution,
peak symmetry factor, high equivalent of theoretical plate,
linearity, limit of detection (LOD), and limit of quantifica-
tion (LOQ) are summarized in Table 1.

2.5 Determination of TPC

The TPC in the extractswas determined by the Folin–Ciocalteu
test based on the redox reactions of the phenolic compounds.
A volume of 0.5mL of Folin–Ciocalteu reagent and 0.5mL of
extract or LTTM (as a blank) was pipetted into the test tube.
After 3min, 1.5mL of 20% sodium carbonate solution and
distilled water were added to the tube. After stirring, the mix-
ture was incubated in a sealed dark-colored flask at room

Table 1: HPLC system suitability parameters for the separation of
betulinic acid and betulin in the mixed standard solution and vali-
dation parameters for their determination

Betulinic acid Betulin

HPLC system suitability parametersa

Retention time (tR [min]) 11.3 17.9
Repeatability RSD (%) tR 0.55 0.39
Repeatability RSD (%) A 1.79 1.13
Peak symmetry 0.955 0.953
HEPT (µm) 41.7 32.5
RS 9.42

Validation parameters
Calibration curve A = −19.181 +

8135.183 × c
A = −2.336 +
11655.415 × c

R2 0.9994 0.9981
Linear range (µg·mL−1) 10–500 10–500
LOD (µg·mL−1) 1.39 2.16
LOQ (µg·mL−1) 4.22 7.10

aThe concentration of betulinic acid and betulin was 75 and
50 µg·mL−1, respectively, tR – retention time, A – peak area,
HEPT – height equivalent of a theoretical plate, c – concentration
of analyte, RSD – relative standard deviation (n = 6).
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temperature for 120min and then the absorbance of the solu-
tion at 765nm was recorded. The TPC in the extracts was
determined using a calibration curve based on the absorbance
at 765nm and expressed in Gallic acid equivalent (GAE) asmg
GAE/g dry bark. All measurements were performed in tripli-
cate for each sample. The data in Table 2 represent average
values; the differences in measurements did not exceed 3.8%.

3 Results and discussion

Extraction of birch bark with LTTM consisting of ChCl and
lactic acid in a molar ratio of 1:1 and 5.4% water by weight
was performed at two temperatures (60°C and 80°C) and
four extraction times (45, 75, 105, or 150min). The contents
of extracted betulin, betulinic acid, and TPC for the indi-
vidual extraction conditions are listed in Table 2.

Based on the results shown in Table 2, it is clear that
the yield of extractives at extraction temperatures of 60°C
and 80°C is in the range of 10.2–19.2% and 12.9–24.1%,
respectively. At both temperatures, a slight increase in
the content of extractants in the extract can be observed
with the extraction time. At 80°C and an extraction time
of 150min, a yield of up to 24.1% is achieved, but this
may also be influenced by the fact that the extractant can
also extract other biomass components such as lignin
and hemicellulose. This hypothesis is supported by the
fact that ChCl and lactic acid are often used as deligni-
fying agents to remove lignin from wood and plants [23].

When our LTTM was applied at 60°C, most betulin
was obtained at the extraction time of 75 min, at 80°C it
was at 105min. It has been shown that an increase in
temperature leads to a higher content of betulinic acid
and betulin. This is because the increase in temperature
allows better penetration of LTTM into the substrate due
to a decrease in the viscosity of LTTM.

In addition to the content of betulinic acid and
betulin in the extracts, Table 1 also documents the con-
tent of these substances in relation to dry bark. The betulinic
acid content at 60°C was in the range of 0.106–0.224mg/g
dry bark and for betulin it was 0.491–1.217mg/g dry bark. At
80°C, the content of the extracted substances increased. The
betulinic acid content was 0.263–0.317mg/g dry bark and
for betulin 1.192–1.329mg/g dry bark. As can be seen from
the data in Table 2, the proportion of betulinic acid to betulin
in the extracts ranges from 12.0% to 23.8%, i.e., the extracts
contain higher amounts of betulin.

The polyphenol content in the extracts was expressed
as GAE and was determined in relation to both dry bark
and extract. As can be seen from Table 2, depending on Ta
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the temperature and time of extraction, the TPC ranged
from 18.6 to 56.8 mg GAE/g dry bark and from 174.2 to
519.9 mg GAE/100 g extract.

The effects of ultrasound, microwave radiation, nega-
tive pressure cavitation, and other supporting techniques
are known [1,24–31]. On the other hand, it is known that
some systems of these solvents are able to effectively
dissolve lignin and just the application of ultrasound
and microwaves cause significantly better extraction of
this component (lignin). Since there are a significantly
higher content of lignin than the content of extractives
in the substrate, the effect of these methods would also
increase the proportion of the extracted lignin, which
would increase the extraction efficiency and this would
be reflected in an increase in TPC. In the case of ChCl and
lactic acid, extraction of hemicelluloses and lignin may
also occur, as documented by other studies where this
combination is used to remove lignin from wood or
annual plants [32–36]. Lactic acid is a weak organic
acid (Ka = 1.34 × 10−4). The acidity of the medium can
affect protolytic reactions, but should not increase the
yield of value-added compounds. The results of several
recent studies suggest that DES/LTTMs may have a unique
ability to dissolve phenolic substances as well as lignin
from plant materials [37–41]. Based on the principles of
the interaction between hydrogen bond donors and accep-
tors, DES/LTTMs can provide a mild acid-base catalytic
mechanism that will initiate the controlled cleavage of
labile ether bonds between phenylpropane units. This
results in the depolymerization of lignin and its separation
from biomass [37]. The authors have found that between
ChCl and phenols, ChCl can bind to phenolic groups. The
high acidity of hydrogen bonds leads to disruption of the
structure of lignin-saccharide complexes [37]. Further-
more, it was found that at the same molar ratio of lactic
acid and ChCl (1:2), increasing the temperature can max-
imize ionic properties and increase the molecular polarity
of DES/LTTMs, which promotes breakdown of the intra-
molecular hydrogen bond network and increases lignin
and hemicellulose solubility [37]. Recent studies have
shown that DES/LTTMs can effectively cause the cleavage
of the primary bond between xylan and lignin, thus selec-
tively separating the lignin fraction from the lignocellu-
losic biomass [32–38]. Value of pH has essential impact
on the chemical reactions. Kumar et al. [39] divided green
solvents into three groups: acidic (pH values up to 3.0),
slightly acidic (pH range 4.0–4.5), and neutral (pH values
from 6.0 to 7.0). The results of this report indicated that
acidity may affect the extraction of various structures of
lignin compounds; consequently, the pH value has a sig-
nificant effect on the extracted lignin composition and

properties, which should be considered in biomass treat-
ment using DESs. De Dios [40] used ChCl and lactic acid
systems in a ratio of 1:2 and 1:9, and the lignin removal
efficiency from pine sawdust at 60°C and 14 h was 4.9%
and 9.7%, respectively. In contrast, Liu et al. [41], using a
system containing ChCl and oxalic acid (molar ratio 1:1),
extracted lignin from Poplar wood flour and reached up to
81.8% lignin removal at 3min using microwaves (800W,
80°C). These results are also in agreement with other
authors who have applied various systems and extraction
techniques to the extraction of lignin from biomass [23].

As the extraction time and temperature increased, espe-
cially the temperature, the polyphenol content increased,
which may be due to the extraction of lignin from the sub-
strate. This was shown at 80°C where the TPC content was
highest. However, in our work, we did not focus on the
analysis of lignin extraction, but our intention was to
extract triterpenoids.

The results of the analysis showed that the LTTM
used can extract betulin and betulinic acid, but not in
the same amount as other types of both polar and non-
polar solvents [14,20,42–46]. If we compare the yields of
extractives obtained by various extraction methods, these
range from 4.1% to 44.7% [14,20,42–46]. Rizhikovs et al.
[45] achieved low yields using Soxhlet apparatus for non-
polar solvents such as cyclohexane (8.3%), n-hexane
(4.5%), petroleum ether (7.8%), and n-heptane (4.1%),
which is up to 6 times lower than when using polar sol-
vents. This can be explained by the fact that betulin is
sparingly soluble in non-polar solvents (cyclohexane at
15.2°C, betulin solubility 0.1 g·L−1) [47]. Rizhikovs et al.
[45] also noted that when non-polar solvents are used,
the extract is usually white, but the application of polar
solvents leads to color change to brown due to the extrac-
tion of phenolic compounds.

Ostapiuk et al. [48] refluxed black and silver birch
bark (outer and inner layers) for 4 h by ethanol. Chemical
profiling revealed the similar composition of birch bark
and an equally high content of triterpenes in black birch
as in white birch. Analysis revealed a higher content of
betulin and lupeol in the inner bark extract of B. obscura
than in B. pendula, while the opposite was in the outer
bark extract. The lupeol content in the outer bark extract
was similar. Outer bark extract: for B. pendula, betulinic
acid was 97.42 ± 3.91 mg/g dry extract and betulin was
295.93 ± 3.94mg/g dry extract, and for B. Obscura, betu-
linic acid was 49.89 ± 0.74 mg/g dry extract and betulin
was 154.86 ± 1.01 mg/g dry extract. Inner bark extract: for
B. pendula, betulinic acid was 56.89 ± 2.43 mg/g dry
extract and betulin was 417.49 ± 2.02 mg/g dry extract,
and for B. obscura, betulinic acid was 48.77 ± 3.50 mg/g
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dry extract, and betulin was 424.45 ± 5.87 mg/g dry
extract [48]. The content of chemical substances is dis-
tinct in the case of the inner and outer barks [48–51]. Ajao
et al. [49] extracted fresh-cut yellow birch (Betula alle-
ghaniensis) and the content of total polyphenols in yellow
birch bark was 333.375 ± 59.975 mg of GAE/g oven-dry
extract. Athanasiadou et al. [52] extracted condensed tan-
nins in the inner and outer layers of birch bark (Betula
pubescens, not separated) and found that the content of
condensed tannins is not connected with the age of
the tree.

Betulinic acid was also identified and determined in
the extraction of Eucalyptus globulus by Silva et al. [53],
who used hydrophobic DESs as extractants. In this case,
the authors focused on the analysis of the content of
ursolic acid, oleanolic acid, and betulinic acid. As a result,
the use of hydrophobic solvents such as menthol:thymol
(1:2) led to higher yields of ursolic, oleanolic, and betulinic
acids at room temperature, 60°C, and 90°C than those
using the Soxhlet extraction with dichloromethane. At
60°C, the extract yield was 2% by weight for ursolic acid,
1% for oleanolic acid, and 0.38% for betulinic acid. They
have shown that the ratios of biomass to solvent at 90°C
affect the yield. Holonec et al. [54] determined the concen-
tration of betulinic acid and betulin in birch bark from
different areas and areas in the range of 7.3–15.4mg/g
bark and 57.4–165.6mg/g bark. Using extractants such
as dichloromethane, acetic acid ester, acetone, chloro-
form, methanol, and 95% ethanol, the betulin/betulinic
acid (mg/g bark) content in the white bark was as follows:
122.0/10.8, 160.0/17.5, 130.2/15.1, 170.0/13.3, 121.6/10.7, and
202.2/18.6mg/g bark [55]. The higher content of betulin
compared to betulinic acid is consistent with our observa-
tions. Since the content of triterpenes was up to a hundred
times lower in terms of the use of the chosen LTTM than in
the case of the use of other extractants, it can be concluded
that the choice of this LTTM was not the most suitable. On
the other hand, the extracts have been colored brown and
must therefore contain phenolic compounds.

In our previous work devoted to spruce bark, it has
been documented that the use of DESs makes it possible
to obtain a relatively high yield of polyphenols [2,22]. The
content of polyphenols in DESs extracts ranged from 41 to
463mg of GAE/100 g extract. ChCl with lactic acid, gly-
colic acid, malonic acid, tartaric acid, oxalic acid, citric
acid, glycerol, maleic acid, or malic acid [22] was used as
DESs. When spruce bark was treated with the DESs com-
posed of ChCl with lactic acid, 1,3-propanediol, 1,5-pen-
tanediol, 1,4-butanediol, 1,3-butanediol, and water, the
yields ranging from 10.9 to 16mg GAE/100 g extract were
achieved [2].

Nakurte et al. [56] extracted polyphenols with two
solvents – ethanol and 2-propanol – by treatment of var-
ious samples of birch bark. The yield of total extracts was
22.6–32.8%, but the extraction was performed subse-
quently 2–3 times (in the first extraction step, the yield
reached from 13.3% to 22.1%). TPCs were also determined
and ranged from 2.56 to 7.42 mg GAE/100 g dry extract
(results for one extraction step).

Kähkönen et al. [57] summarized in their review the
TPC content for different types of biomass. The content of
TPC in the silver birch phloem was 85.5 mg GAE/g dry
matter and in the bark 2 mg GAE/g dry matter.

A detailed analysis of the composition of the extract
was published by Liimatainen et al. [58], who treated
samples of the inner bark of 21 separate silver birches
and identified 30 substances. The study showed that birch
inner bark is a rich source of phenolic substances such as
flavonoids, arylbutanoids, diarylheptanoids, simple phe-
nolic compounds, phenolic acids, lignans, and procyani-
dines. Comparing our results with those obtained from
other authors, it can be stated that the LTTM used leads
to a comparable level of TPC extraction.

Methods for purifying extracts with LTTM are described
in detail in the cited works of Cvjetko Bubalo et al. [59],
Cravotto et al. [60], Panić et al. [61], Tang and Row [62],
and Makris [63]. Cvjetko Bubalo et al. [59] applied 80%
water to grape-pomace extract containing ChCl and citric
acid prior to adsorption chromatography, and anthocyanin
yield reached ∼99.46%, and solvent recycling 96.8%. ChCl
and citric acid recycling and anthocyanin regeneration were
also followed on a pilot scale in an automatic two-column
system [60]. The recycling yield of the extractant in this
system was 77.91% and the yield of anthocyanin was about
90%. Zhuang et al. [64] and Wang et al. [65] reported
that polyphenols reached 77.4–98.2% and 75.3–85.5% by
a macroporous resin recovery, respectively, from a NADES
extract of plants. When applying the ChCl and lactic acid
system to extract lignin from biomass, it has been shown
that recycling of this system is possible using water and
even more advantageous if ethanol is used to recover lignin
and to recycle the solvent system [66]. The mentioned
results suggested that if the extracted substance obtained
is of sufficient value for a given purity, a system for recy-
cling and recovering value-added substances may be eco-
nomically advantageous.

Hitherto, there has been a tendency to use in practice
value-added compounds isolated from extracts, e.g., by
chromatographic methods [67]. However, we consider
the direct application of entire extracts to be a more
advantageous mode. The condition is, of course, the
safety of the LTTMs used and the sufficient content of
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the desired value-added compounds in the extracts. The
mixture of ChCl and lactic acid used by us can be considered
from ecological and health aspects as a suitable extract-
ant (meeting the characteristics of NADES), but the content
of value-added compounds in the extract was too low to be
able to advantageously use the entire extract in practice.

4 Conclusion

In this work, an LTTM composed of ChCl and lactic acid in
a molar ratio of 1:1 and water content of 5.4 wt% was
developed for the extraction of TPC and triterpenoids
from birch bark. The total yield of extractives ranged
from 10.2% to 24.1%. The concentration of betulin and
betulinic acid in the extract were determined by HPLC-
UV. The content of betulin ranged from 0.491 to 1.788mg/g
dry bark and betulinic acid ranged from 0.106 to 0.317mg/g
dry bark. This study showed that the used LTTM do
not belong to the most suitable reagents for the extrac-
tion of triterpenoids. On the other hand, this agent was
shown to extract polyphenolic compounds and the TPC
content ranged from 18.6 to 56.8 mg GAE/g dry birch
bark. The results showed that increasing the tempera-
ture improves the extraction process of triterpenoids
and especially polyphenols.

It can reasonably be expected that it is only a matter
of time before the ecological criteria for extraction and
processing will be as important as the economic ones.

Comparing the results of the extraction of value-
added substances from biomass faces one key problem.
The analysis of inorganic minerals, ores, and products is
performed using standardized methods for independent
determination of the total content (e.g., metal element) in
these materials. That is, the isolation yield of a component
of such a material can be expressed on an absolute scale.
Regarding the yields of individual value-added substances
extracted from phytomass, there is no standardized inde-
pendent analytical method that would determine the total
actual content of these substances in phytomass. Any
results regarding the efficiency or yield of the extraction
do not provide absolute information.
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