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Abstract: Triterpene compounds like betulin, betulinic acid, erythrodiol, oleanolic acid and lupeol
are known for many pharmacological effects. All these substances are found in the outer bark of
birch. Apart from its pharmacological effects, birch bark extract can be used to stabilise semisolid
systems. Normally, birch bark extract is produced for this purpose by extraction with organic solvents.
Employing supercritical fluid technology, our aim was to develop a birch bark dry extract suitable
for stabilisation of lipophilic gels with improved properties while avoiding the use of toxic solvents.
With supercritical carbon dioxide, three different particle formation methods from supercritical
solutions have been tested. First, particle deposition was performed from a supercritical solution in
an expansion chamber. Second, the Rapid Expansion of Supercritical Solutions (RESS) method was
used for particle generation. Third, a modified RESS-procedure, forming the particles directly into the
thereby gelated liquid, was developed. All three methods gave yields from 1% to 5.8%, depending
on the techniques employed. The triterpene composition of the three extracts was comparable:
all three gave more stable oleogels compared to the use of an extract obtained by organic solvent
extraction. Characterizing the rheological behaviour of these gels, a faster gelling effect was seen
together with a lower concentration of the extract required for the gel formation with the supercritical
fluid (SCF)-extracts. This confirms the superiority of the supercritical fluid produced extracts with
regard to the oleogel forming properties.

Keywords: supercritical carbon dioxide; RESS; birch bark; triterpenes; gel formation; rheology;
amplitude sweep

1. Introduction

For over two hundred years, birch bark and its pentacyclic triterpene constituents such as betulin
(BE), lupeol (LU), betulinic acid (BA), oleanolic acid (OA) and erythrodiol (ER) have been a subject of
research [1,2]. In 1788, betulin was the first of these triterpenoids to be isolated from the outer bark
of birch by sublimation [3]. Since then, the physicochemical properties of these substances and the
extraction from birch bark have been reinvestigated several times [1,2,4]. During the last fifteen years,
several pharmacological effects have additionally been discovered for these triterpenoids (Table 1).
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Table 1. Pharmacological effects of triterpenoids obtained from bark of birch. BE: betulin, BA: betulinic
acid, OA: oleanolic acid, LU: Lupeol.

Pharmacological Effects of Triterpenoids
Contained in Birch Bark References

antibacterial, antiviral, anti-parasite BE: [5,6]; BA: [7–9]; BE/BA: [10,11]; BE/BA/OA: [12]; LU/BA: [13]; OA/BA: [14]

hepatoprotective BE: [15]; BE/BA: [16]; OA: [17–20]; LU: [21]; BA: [22]

antitumor BE: [23,24]; BA: [25,26] BE/BA: [27,28]; LU: [29]; OA: [18,19,30]

wound healing extract: [31–33]; BA: [34]; OA: [35,36]

anti-inflammatory BE: [5,37]; LU: [38,39]; OA: [18,40]

Apart from these pharmacological effects, birch bark extract is able to act as a gelling agent and
Pickering emulsifier [41–43]. Together with its anti-inflammatory and wound healing effects, this makes
birch bark dry extract interesting for the stabilisation of semisolid systems, such as gels and creams,
acting as an active ingredient and an excipient in parallel. A common method for obtaining birch bark
dry extract or particular triterpenoids is the extraction of birch bark with organic solvents [41,44–47].
Some other production methods like Ultrasonic Assisted Extraction (UAE) [48] and sublimation [49]
are described in the literature. Most of these methods require either high temperature or toxic organic
solvents or even both. To gain a dry extract, the organic solvents have to be removed in an additional
step. High process temperature causes thermal stress, which can influence extract quality. Extraction
using supercritical fluids as extraction solvent could be an alternative [41,50–52]. Carbon dioxide
(CO2) is often used as a solvent for Supercritical Fluid Extraction (SFE) due to its low critical point
(304.13 K/7.38 MPa) [53,54]. Different techniques can be used to obtain particles from the supercritical
solution. It is possible to deposit the particles out of a liquid carbon dioxide phase after expanding
the supercritical solution into a separator, or to spray the supercritical solution through a nozzle into
ambient air in a vessel [55,56]. This Rapid Expansion of Supercritical Solutions (RESS) enables the
production of very small particles [54,57,58]. To our knowledge, there are no reports focussing on
the improvement of stabilisation of semisolid systems by birch bark extract particles produced with
supercritical fluid extraction. The aim of our study is, therefore, to develop methods for the extraction
of birch bark with supercritical carbon dioxide on a high-pressure lab-scale extraction unit employing
different means of particle deposition. This includes the deposition of a particular extract directly into
a lipophilic phase like jojoba oil to produce a gel in a single step process, combining both, extraction
and gel formation. The extracts were characterized by analysing the leading compounds content,
the surface area and the dispersive surface energy of the particles and the rheological properties of the
gels obtained.

2. Materials and Methods

2.1. Reference Material

A dry extract obtained from Birken AG (Niefern-Oeschelbronn, Germany) was analysed for
comparison reasons. This extract was prepared by organic solvent extraction employing n-heptane
with a patented method [43].

2.2. Extraction

Initially, 50.0 to 200.0 g of chopped and dried birch bark (kindly provided by Birken AG,
Niefern-Oeschelbronn, Germany) was placed in a high-pressure extraction unit with an extraction
volume of 3.3 L (SITEC GmbH, Maur/Zurich, Switzerland). Supercritical carbon dioxide (Westfalen AG,
Muenster, Germany) was conveyed for three hours via a high-pressure pump to the incubator to obtain
a solution of the components in supercritical CO2. Monitoring of the extraction parameters was done
for mass flow and density with a mass flow meter (MassFlo 2100 di 1.5, Danfoss, Ebersbach, Germany)
located between the high-pressure pump and the entrance of the extraction vessel, temperature
(SITEC Thermocouple Pt100, SITEC GmbH, Maur/Zurich, Switzerland) and pressure (SITEC pressure



Appl. Sci. 2017, 7, 292 3 of 14

transducer, SITEC GmbH, Maur/Zurich, Switzerland). The extraction conditions were optimized in
pilot experiments in the same setup, obtaining an extraction yield of about 5.8% ± 1.4%, and were
found to be a pressure of 35.0 MPa and a temperature of 333.2 K (Supplementary Materials, Table S1).
Three ways of separating the extract from the supercritical solution were tested:

- Supercritical fluid extract (SCF-E): The supercritical solution was expanded through an automatic
valve (pneumatic) into a separator at 4.0 MPa. Under these conditions, the supercritical CO2

separated into a liquid and a gaseous phase. In the liquid phase, the extract accumulated and
when the pressure was completely released, particles deposed and could be removed as a dry
extract (Figure 1a). In parallel, the CO2 was recycled by the high-pressure pump and refed to the
incubator. For this setup, the mass flow of CO2 was between 12.5 and 15.0 kg/h, and the CO2

density at 35 MPa and 333.2 K was 850.0 ± 2.0 kg/m3.
- RESS-Extract (R-E): The supercritical solution here was expanded through a capillary nozzle

(diameter: 150 µm) into a vessel where the precipitated particles could be collected (Figure 1b).
To avoid the formation of ice near the nozzle due to a massive temperature drop caused by the
expansion of the supercritical solution (Joule-Thompson effect), the CO2 mass flow was reduced
to 1.0–2.0 kg/h for this setup. Additionally, the vessel was heated so that the mean deposition
temperature remained at 317.5 ± 3.5 K. In the expansion unit, the pressure was maintained at
4.4 ± 0.3 MPa. A manual micro valve controlled the CO2 flow through the nozzle. The pressure
in the incubation chamber was kept at 35 MPa and the temperature at 333.2 K, as in the SCF-E
experiments. The CO2 density was measured at 888.3 ± 7.2 kg/m3, being slightly higher due to
the reduced mass flow compared to the SCF-E conditions.

- A third extract was prepared by a modified RESS-procedure (MR). Here, the supercritical solution
was expanded through the nozzle again, but directly into a lipophilic phase (jojoba oil) to form a
gel in a single step production method, including particle deposition and gel formation (Figure 1c).
For this method, the nozzle and the jojoba oil (20.0 g) were placed in a cylindrical plastic container
(diameter: 6 cm; height: 11 cm) with a perforated lid. Due to the smaller expansion volume
of this container, the setup required an improved heating to avoid the formation of ice during
expansion. Therefore, the vessel was filled with water (about 328 K) and the container immersed
into the heated water to enhance heat transmission. The conditions in the extraction unit were as
with RESS.
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2.3. HPLC Analysis

To quantify their triterpene composition, extracts were analysed by High Performance Liquid
Chromatography (HPLC) (Shimadzu, Kyoto, Japan). Extracts and triterpene references were dissolved
in isopropanol. Validation based on ICH Guideline Q2(R1) was performed. A sample volume of 10 µL
was injected to a Nucleosil® C18 RP column (Macherey-Nagel, Dueren, Germany). For separation of
five triterpenoids (BE, BA, OA, ER, LU), a gradient system was used as mobile phase (Table 2) and
peaks were detected at 210 nm.

Table 2. Time program for High Performance Liquid Chromatography (HPLC) analysis of triterpenoids
contained in birch bark.

Time (min) Mode Ratio Acetonitrile/Water Flow Rate (mL/min)

0–13 isocratic 75/25 1.2
14–18 gradient up to 90/10 1.2
19–35 isocratic 90/10 1.2
36–40 gradient down to 75/25 1.2
41–45 isocratic 75/25 1.2

2.4. Gel Production

Birch bark dry extract and jojoba oil were dispersed with an Ultra-Turrax® (Ika Labortechnik,
Staufen, Germany) for two minutes at 8000 rpm to obtain an oleogel. Gels produced directly by
RESS-method had no further treatment.

2.5. Rheology

An amplitude sweep (AS) was performed at 296.15 K with a 25-mm plate-plate setup and a gap
of 0.8 mm at a Physica MCR 501 rheometer (Anton Paar, Graz, Austria). For the AS, gels were sheared
with a logarithmic ramp (oscillation; deformation 0.01–1000; frequency 1/s) after pre-shearing and
equilibration time (300 s).

Evaluation of the experiments was performed by the parameters for gel strength, the mean
storage modulus value in the linear visco-elastic region (LVE) was calculated. Another parameter to
characterise the gel structure was the dissipation factor (tan δ) in the LVE. All data were generated
from the original measurements by the use of Rheoplus/32 V3.40 (Anton Paar, Graz, Austria).

2.6. Surface Analysis

Specific surface area, according to Brunauer, Emmett and Teller (BET), was determined with
a SA 3100 (Beckman Coulter, Brea, CA, USA) by nitrogen gas adsorption. Samples were degassed at
~313 K for 240 min under vacuum and then measured at a temperature of ~77 K in liquid nitrogen.

Dispersive surface energy measurements were made by inverse gas chromatography (iGC) using a
SMS iGC (Surface Measurement Systems Ltd., London, UK). Special iGC columns of 3 mm in diameter
were packed with ~0.120 g of sample for supercritical fluid extracts and 0.090 g for organic solvent
extract. Different alkanes (hexane, heptane, octane, nonane and decane) were injected at infinite
dilution (0.03 p/p◦) and their peaks as well as the appropriate retention times were detected with a
flame ionization detector (FID). Methane was used to determine the dead volume. IGC Advanced
Analysis Macro V1.41 was applied for evaluation using Microsoft Excel 2010 and 2013 (Surface
Measurement Systems Ltd., London, UK/Microsoft Corporation, Albuquerque, NM, USA).
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3. Results

3.1. Birch Bark Extraction with Supercritical Carbon Dioxide

The RESS extraction method and the extraction method using a separator showed differences in
the extraction yield. Performing the RESS method, the mass flow had to be limited to 1.53 ± 0.09 kg/h
to avoid the formation of ice. This resulted in an extraction yield of 0.90% ± 0.09% (Figure 2), related
to the initial amount of birch bark. To evaluate the dependence of the extraction yield at the selected
working conditions (35 MPa and 333.2 K) from the mass flow, we reduced the mass flow in the
production of the SCF-E to 5.09 ± 0.06 kg/h and compared the outcome to the normally used flow of
13.78 ± 0.46 kg/h (Figure 2).
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Figure 2. SCF extraction yield (birch bark extract) depending on carbon dioxide mass flow (MF) by
different extraction and deposition methods (RESS/separator); n: number of independent productions,
mean ± SD; mean ± span width for RESS.

The modified RESS process enabled the gel production by spraying the supercritical solution
directly into jojoba oil; therefore, process yields with respect to the drug mass could not be determined.

3.2. Triterpene Composition of Birch Bark Extracts

Triterpene composition of birch bark powder is reported to be about 85% betulin, 5% betulinic
acid, 3% oleanolic acid, 0.7% lupeol and 6.3% unidentified triterpens, detected by gas chromatography
(all % mass) [43]. In our extracts the triterpens were detected by HPLC. Supercritical fluid extracts
(n = 18) and RESS extracts (n = 3) were produced under standard extraction conditions and their
triterpene content was compared to an organic solvent extract as reference (Figure 3). Extracts produced
by supercritical fluid technology showed a difference in the content of betulin, lupeol, and the non
identified substances (other). There were only minor differences for betulinic acid, oleanolic acid and
erythrodiol. The betulin content in the SCF-E (63.08% ± 8.17%) and the RESS-E (24.36% ± 4.47%) was
lower compared to the OS-E (81.60%). Lupeol and the other substances showed an opposing trend
(Lupeol: SCF-E: 15.82% ± 4.64%; RESS-E: 32.11% ± 4.23%; OS-E: 2.08%). This indicates an obviously
better solubility for lupeol in scCO2 compared to betulin. A low CO2 mass flow during the RESS
extraction and therefore a longer equilibration time increased this effect.

To produce extracts with a certain triterpene composition, a single batch of birch bark material has
been extracted ten times (fractional RESS extraction). These ten fractions (F1–F10) were analysed by
HPLC to compare their content of betulin, lupeol and unidentified substances. The first RESS-fraction
(F1) showed similar contents for betulin, lupeol and other substances. For the following fractions we
saw an ongoing shift in composition to a higher betulin content and a lower lupeol content, probably
due to different solubilities of the triterpenes in supercritical carbon dioxide. The other substances
showed a behaviour similar to lupeol (Figure 4). With this fractional extraction, the production of
extracts with an individual triterpene composition was possible.
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Figure 3. Triterpene composition of birch bark extract obtained by different extraction methods;
mean ± SD.

Appl. Sci. 2017, 7, 292  6 of 13 

 

Figure  3. Triterpene  composition  of  birch  bark  extract  obtained  by different  extraction methods;   

mean ± SD. 

 

Figure 4. Triterpene composition of fractional RESS extracts; n = 2–3, mean ± SD or span width. 

A comparison between gels, stabilised by the different types of extract, confirmed a higher gel 

strength for those gels stabilised with extracts obtained by supercritical fluid technology (Figure 6) 

compared to gels formed with OS‐E. The OS‐E gel, SCF‐E gel and RESS‐E gel were stabilised with   

6% of dry extract, whereas the extract content of the gels produced by the modified RESS‐M process 

remains undefined. All three supercritical fluid‐based particle deposition methods gave extracts that 

lead to gels with a gel strength of more than 8500 Pa. The OS‐E was only able to form gels with a gel 

strength of less than 1000 Pa (Figure 6). Different extract surface properties resulting from the fast 

particle deposition from the supercritical solution could be the reason for the ability to form stronger 

gels. 

0

10

20

30

40

50

60

70

80

90

Betulin Betulinic
acid

Oleanolic
acid

Erythrodiol Lupeol Others

T
rit

er
pe

ne
 c

on
te

nt
 in

 b
irc

h 
ba

rk
 

ex
tr

ac
t [

%
]

OS-E

SCF-E (separator)
(n=18)

RESS-E (n=3)

0

10

20

30

40

50

60

70

80

F1 F2 F3 F4 F5 F6 F7 F8 F9 F10

T
rit

er
pe

ne
 c

on
te

nt
 in

 b
irc

h 
ba

rk
 e

xt
ra

ct
 

[%
]

Betulin Lupeol Others

Figure 4. Triterpene composition of fractional RESS extracts; n = 2–3, mean ± SD or span width.

3.3. Rheological Characterisation of Gels Stabilised with Birch Bark Extracts

Jojoba oil stabilised with OS-E, SCF-E, R-E and by the modified RESS (MR) procedure extract
showed gel characteristics (examples in Figure 5), as indicated by the storage modulus (G’) being
larger than the loss modulus (G”) in the linear viscoelastic region of the flow curve.

A comparison between gels, stabilised by the different types of extract, confirmed a higher gel
strength for those gels stabilised with extracts obtained by supercritical fluid technology (Figure 6)
compared to gels formed with OS-E. The OS-E gel, SCF-E gel and RESS-E gel were stabilised with 6% of
dry extract, whereas the extract content of the gels produced by the modified RESS-M process remains
undefined. All three supercritical fluid-based particle deposition methods gave extracts that lead to
gels with a gel strength of more than 8500 Pa. The OS-E was only able to form gels with a gel strength
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of less than 1000 Pa (Figure 6). Different extract surface properties resulting from the fast particle
deposition from the supercritical solution could be the reason for the ability to form stronger gels.Appl. Sci. 2017, 7, 292  7 of 13 
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Figure 5. Amplitude sweep of gels stabilised by different types of birch bark extract.
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Figure 6. Gels stabilised by different types of birch bark extract (gel strength: amplitude sweep (AS)
after 24 h); mean ± SD.

To investigate the gelling speed of the gels an amplitude sweep was performed every 30 min,
starting immediately after the gel production. For the SCF-E gel, the G’ values started and remained
at a higher level compared to the OS-E gel. As a reference for almost complete gelling, an amplitude
sweep after 24 h was performed. The SCF-E gel, however, reached this reference point already within
six hours, whereas the OS-E gel only reached 28% of the reference value (Figure 7). This experiment
could not be performed with the two RESS-extracts due to the design of the RESS-system.
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Figure 7. Gel strength (amplitude sweep) during the first six hours of gel formation for organic solvent
and supercritical fluid extract gel (six percent extract in oil); mean ± SD.

For a gel, a dissipation factor less than one is typical. Studying the dissipation factor during the
first six hours of gel formation (AS; LVE) confirmed differences between a SCF-E gel and an OS-E
gel. Directly after gel production, the SCF-E gel showed a dissipation factor of 0.12 ± 0.02, which
slightly increased during six hours. The OS-E gel started at 0.38 ± 0.04, the value decreased over
time (Figure 8). The SCF-E particles obviously were able to form a stable particulate network direct
after homogenising and therefore faster, compared to the OS-E particles. Again, this might hint at
differences in extract particle size and surface properties between the different types of extract, which
enables a faster formation of a network structure in the oil. After three hours, both types of gels were
on the same dissipation level.
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Figure 8. Dissipation factor (amplitude sweep) during the first six hours of gel formation for organic
solvent and supercritical fluid extract gel (six percent extract in oil); mean ± SD.

To study the minimum extract content required for gel formation, gels with different amounts
of birch bark extract were produced. A decrease of extract content caused a decrease in gel strength,
especially for the OS-E gel. With two percent OS-E it was hardly possible to produce a gel, and gel
strength dropped under 3 Pa, whereas one percent SCF-E was enough to obtain a gel with over 250 Pa
(Figure 9).
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Figure 9. Gel strength (amplitude sweep) as a function of extract content in gels, stabilised by organic
solvent and supercritical fluid extract; n = 3, mean ± SD.

The dissipation factor for the SCF-E gel remained constant over an extract content range from
one to five percent. For the OS-E gel a smaller amount of extract had a negative influence on the gel
character. Less than three percent of OS-E lead to a gel with a dissipation factor close to one (Figure 10).
Below this concentration, the viscous properties dominate over the elastic properties and we have no
gel any more. The minimum extract concentration, necessary for gelling, was lower for the SCF-E gel
compared to the OS-E gel. This indicates a more effective gel stabilisation by supercritical fluid extracts.
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Figure 10. Dissipation factor (amplitude sweep) as a function of extract content in gels, stabilised by
organic solvent and supercritical fluid extract; mean ± SD.

3.4. Surface Analysis of Birch Bark Extracts

Extract surface properties could play a crucial role in the stabilization of the semisolid systems.
This becomes obvious when comparing pairs of extracts (Table 3) with a similar specific surface area
(OS-E and SCF-E1; SCF-E2 and SCF-E3) which give gels with different strength. The supercritical fluid
extracts showed specific surface areas from 15 m2/g to 75 m2/g, making a pure correlation between
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surface area and gel strength unlikely. Surface energy, however, could be another crucial parameter
for gel formation. Four extracts were, therefore, analysed by inverse gas chromatography (iGC) for
their dispersive surface energy (Table 3). It is striking that all supercritical fluid extracts showed a
similar dispersive surface energy which is different from the organic solvent extract. This is a hint for
a different crystallisation behaviour out of supercritical solutions, compared to precipitation out of
organic solvents. The observed difference in the chemical composition, however, might influence this
finding too.

Table 3. Surface characterisation of birch bark extract obtained by different extraction methods.

Type of Extract Specific Surface Area
(BET) (m2/g)

Dispersive Surface
Energy (mJ/m2) Gel Strength (Pa)

OS-E 29.6 ± 0.3 62.42 ± 0.33 716 ± 278
SCF-E1 27.9 ± 1.3 51.59 ± 0.47 4486 ± 888
SCF-E2 37.3 ± 0.1 51.67 ± 0.59 2211 ± 245
SCF-E3 36.2 ± 2.0 51.27 ± 0.65 11,081 ± 1540

4. Discussion

Birch bark extraction with supercritical carbon dioxide, as an alternative to conventional organic
solvent extraction, turned out to be a promising method. Employing supercritical fluid extraction and
subsequent separation of the extract in a separation vessel provided acceptable extraction yields, being
comparable to other SCF-methods [51]. RESS-extraction by spraying the supercritical solution through
a nozzle was successful, but showed a poor extraction yield due to the limited carbon dioxide mass
flow. This low yield might, however, also be affected by the entrainment of submicron particles by
the CO2 stream. A direct production of a gel by spraying the supercritical solution through a nozzle
directly into jojoba oil (modified RESS procedure) would here be preferential and turned out to be
possible, giving stable gels. The control of this process has, however, to be improved by adaption of
the pilot plant with regard to the risk of ice formation during expansion.

Repetitive extraction of the same material with supercritical carbon dioxide provided extracts with
a different triterpene composition. Early fractions contained less betulin and more lupeol, compared to
an organic solvent extract. The betulin content increased with further extraction steps whereas the
lupeol content and the content of unidentified substances decreased. By this method, the supercritical
fluid extraction allows the production of extracts with different triterpene compositions. This might
give extracts with different pharmacological and stabilizing properties. The more important finding is,
however, that obviously lupeol and the unidentified compounds dissolve faster in supercritical carbon
dioxide than betulin, giving an extract composition which is, at least in part, different from the organic
solvent extract.

Extracts from supercritical fluid extraction showed better and faster gelling abilities, compared to
the organic solvent extract. Gels challenged by an amplitude sweep for rheological characterization
showed much higher modulus values when the stabilisation was performed with supercritical fluid
extracts from all tested particle deposition methods compared to the gel stabilised by the organic
solvent extract. For these gels, the gel character, indicated by a dissipation factor less than one, was
detected instantly after the gel production, whereas the gel stabilised by organic solvent extract needed
several hours to reach the same level. The minimum extract content, necessary for gelling, was lower
for the supercritical fluid extracts. This indicates a more effective formation of the network structure in
these gels.

The supercritical fluid extracts differ from the organic solvent extract in several ways. First of
all, the specific area of the particles is higher, compared to the organic solvent extract. This could be
a reason for a better particle to particle interaction and an improved interaction of the liquid phase
(jojoba oil) with the particle surface and thereby the formation of the gel network. The dispersive
surface energy, however, was less when compared to the organic solvent extract. That might be due to
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the micromorphology of the supercritical carbon dioxide-treated particles, having an obviously more
polar surface structure. This would improve the contact between the SCF extract particles and the
jojoba oil. Grysko and Daniels [59] have shown that the gel formation by birch bark extracts depends
on polar interactions between the oil and the gel forming agent, supporting this view. The lack of a
concentration related gel strength for the SCF-extracts might, however, be due to the fact that even
at the lowest concentration the gel strength is already almost maximal. This confirms the usability
of the supercritical carbon dioxide for the formation of birch bark extracts with superior gel forming
properties compared to the organic solvent extract.

5. Conclusions

Birch bark dry extract is an interesting product, unique insofar as it is usable both as an active
ingredient to improve wound healing and as an oleogel stabilizing agent. So far, the extract is produced
by organic solvent extraction with all the well-known disadvantages. The production of the extract
with a more environment-friendly method could be beneficial. Supercritical CO2 is widely accepted
to replace solvents. Producing dry extracts from birch bark by either supercritical fluid extraction
or the RESS-technique leads to extracts which show gel-forming properties superior to the organic
solvent extract. This is true with respect to the gel formation speed as for the strength of the gels
obtained. In addition, a one-step, extraction, particle generating and gel forming technique, such as
the modified RESS process (MR), might even be of further advantage for the production technology of
birch bark oleogels.

Supplementary Materials: Supplementary materials are available online at http://www.mdpi.com/2076-3417/
7/3/292/s1.
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16. Szuster-Ciesielska, A.; Kandefer-Szerszeń, M. Protective effects of betulin and betulinic acid against
ethanol-induced cytotoxicity in hepg2 cells. Pharmacol. Rep. 2005, 57, 588–595.

17. Wang, X.; Ye, X.L.; Liu, R.; Chen, H.L.; Bai, H.; Liang, X.; Zhang, X.D.; Wang, Z.; Li, W.L.; Hai, C.X.
Antioxidant activities of oleanolic acid in vitro: Possible role of nrf2 and map kinases. Chem. Biol. Interact.
2010, 184, 328–337. [CrossRef] [PubMed]

18. Pollier, J.; Goossens, A. Oleanolic acid. Phytochemistry 2012, 77, 10–15. [CrossRef] [PubMed]
19. Liu, J. Oleanolic acid and ursolic acid: Research perspectives. J. Ethnopharmacol. 2005, 100, 92–94. [CrossRef]

[PubMed]
20. Kim, K.; Lee, J.S.; Park, H.J.; Kim, J.W.; Kim, C.J.; Shim, I.S.; Kim, N.J.; Han, S.M.; Lim, S. Inhibition of

cytochrome p450 activities by oleanolic acid and ursolic acid in human liver microsomes. Life Sci. 2004, 74,
2769–2779. [CrossRef] [PubMed]

21. Kim, S.; Cho, H.I.; Kim, S.J.; Kim, J.S.; Kwak, J.H.; Lee, D.U.; Lee, S.K.; Lee, S.M. Protective effects of lupeol
against d-galactosamine and lipopolysaccharide-induced fulminant hepatic failure in mice. J. Natl. Prod.
2014, 77, 2383–2388. [CrossRef] [PubMed]

22. Yi, J.; Xia, W.; Wu, J.; Yuan, L.; Wu, J.; Tu, D.; Fang, J.; Tan, Z. Betulinic acid prevents alcohol-induced liver
damage by improving the antioxidant system in mice. J. Vet. Sci. 2014, 15, 141–148. [CrossRef] [PubMed]

23. Tanaka, R.; Kinouchi, Y.; Wada, S.; Tokuda, H. Potential anti-tumor promoting activity of lupanetype
triterpenoids from the stem bark of glochidion zeylanicum and phyllanthus flexuosus. Planta Med. 2004, 70,
1234–1236. [CrossRef] [PubMed]

24. Soica, C.; Dehelean, C.; Danciu, C.; Wang, H.M.; Wenz, G.; Ambrus, R.; Bojin, F.; Anghel, M. Betulin complex
in γ-cyclodextrin derivatives: Properties and antineoplasic activities in in vitro and in vivo tumor models.
Int. J. Mol. Sci. 2012, 13, 14992–15011. [CrossRef] [PubMed]

25. Fulda, S.; Kroemer, G. Targeting mitochondrial apoptosis by betulinic acid in human cancers. Drug Discov.
Today 2009, 14, 885–890. [CrossRef] [PubMed]

26. Kessler, J.H.; Mullauer, F.B.; de Roo, G.M.; Medema, J.P. Broad in vitro efficacy of plant-derived betulinic
acid against cell lines derived from the most prevalent human cancer types. Cancer Lett. 2007, 251, 132–145.
[CrossRef] [PubMed]

27. Kommera, H.; Kaluderovic, G.N.; Kalbitz, J.; Paschke, R. Lupane triterpenoids—betulin and betulinic acid
derivatives induce apoptosis in tumor cells. Investig. New Drugs 2011, 29, 266–272. [CrossRef] [PubMed]

28. Drag-Zalesinska, M.; Wysockaa, T.; Borska, S.; Drag, M.; Poreba, M.; Choromanska, A.; Kulbacka, J.;
Saczko, J. The new esters derivatives of betulin and betulinic acid in epidermoid squamous carcinoma
treatment—In vitro studies. Biomed. Pharmacother. 2015, 72, 91–97. [CrossRef] [PubMed]

29. Liu, Y.; Bi, T.; Wang, G.; Dai, W.; Wu, G.; Qian, L.; Gao, Q.; Shen, G. Lupeol inhibits proliferation and induces
apoptosis of human pancreatic cancer pcna-1 cells through akt/erk pathways. Naunyn-Schmiedeberg’s
Arch. Pharmacol. 2015, 388, 295–304. [CrossRef] [PubMed]

30. Wei, J.; Liu, M.; Liu, H.; Wang, H.; Wang, F.; Zhang, Y.; Hana, L.; Lin, X. Oleanolic acid arrests cell cycle and
induces apoptosis via ros-mediated mitochondrial depolarization and lysosomal membrane permeabilization
in human pancreatic cancer cells. J. Appl. Toxicol. 2013, 33, 756–765. [CrossRef] [PubMed]

http://dx.doi.org/10.1016/j.bmc.2005.10.063
http://www.ncbi.nlm.nih.gov/pubmed/16337130
http://dx.doi.org/10.1016/S0367-326X(03)00123-0
http://dx.doi.org/10.1055/s-2004-827149
http://www.ncbi.nlm.nih.gov/pubmed/15229801
http://dx.doi.org/10.1016/j.jep.2008.06.036
http://www.ncbi.nlm.nih.gov/pubmed/18662765
http://dx.doi.org/10.1016/j.jep.2008.09.001
http://www.ncbi.nlm.nih.gov/pubmed/18835348
http://dx.doi.org/10.1016/j.tox.2005.08.025
http://www.ncbi.nlm.nih.gov/pubmed/16436312
http://dx.doi.org/10.1016/j.cbi.2010.01.034
http://www.ncbi.nlm.nih.gov/pubmed/20100471
http://dx.doi.org/10.1016/j.phytochem.2011.12.022
http://www.ncbi.nlm.nih.gov/pubmed/22377690
http://dx.doi.org/10.1016/j.jep.2005.05.024
http://www.ncbi.nlm.nih.gov/pubmed/15994040
http://dx.doi.org/10.1016/j.lfs.2003.10.020
http://www.ncbi.nlm.nih.gov/pubmed/15043991
http://dx.doi.org/10.1021/np500296b
http://www.ncbi.nlm.nih.gov/pubmed/25325613
http://dx.doi.org/10.4142/jvs.2014.15.1.141
http://www.ncbi.nlm.nih.gov/pubmed/24378582
http://dx.doi.org/10.1055/s-2004-835858
http://www.ncbi.nlm.nih.gov/pubmed/15643564
http://dx.doi.org/10.3390/ijms131114992
http://www.ncbi.nlm.nih.gov/pubmed/23203108
http://dx.doi.org/10.1016/j.drudis.2009.05.015
http://www.ncbi.nlm.nih.gov/pubmed/19520182
http://dx.doi.org/10.1016/j.canlet.2006.11.003
http://www.ncbi.nlm.nih.gov/pubmed/17169485
http://dx.doi.org/10.1007/s10637-009-9358-x
http://www.ncbi.nlm.nih.gov/pubmed/19957199
http://dx.doi.org/10.1016/j.biopha.2015.04.003
http://www.ncbi.nlm.nih.gov/pubmed/26054680
http://dx.doi.org/10.1007/s00210-014-1071-4
http://www.ncbi.nlm.nih.gov/pubmed/25418891
http://dx.doi.org/10.1002/jat.2725
http://www.ncbi.nlm.nih.gov/pubmed/22678527


Appl. Sci. 2017, 7, 292 13 of 14

31. Huyke, C.; Reuter, J.; Rödig, M.; Kersten, A.; Laszczyk, M.; Scheffler, A.; Nashan, D.; Schempp, C. Treatment
of actinic keratoses with a novel betulin-based oleogel. A prospective, randomized, comparative pilot study.
J. Deutsch. Dermatol. Ges. 2009, 7, 128–134. [CrossRef] [PubMed]

32. Metelmann, H.; Fimmers, R.; Böttger, K.; Brandner, J.M.; Scheffler, A.; Schumann, H.; Podmelle, F.
Accelerated reepithelialization by triterpenes: Proof of concept in the healing of surgical skin lesions.
Skin Pharmacol. Physiol. 2015, 28, 1–11. [CrossRef] [PubMed]

33. Ebeling, S.; Naumann, K.; Pollok, S.; Wardecki, T.; Vidal-y-Sy, S.; Nascimento, J.M.; Boerries, M.; Schmidt, G.;
Brandner, J.M.; Merfort, I. From a traditional medicinal plant to a rational drug: Understanding the clinically
proven wound healing efficacy of birch bark extract. PLoS ONE 2014, 9, e86147. [CrossRef] [PubMed]

34. Galgon, T.; Wohlrab, W.; Dräger, B. Betulinic acid induces apoptosis in skin cancer cells and differentiation in
normal human keratinocytes. Exp. Dermatol. 2005, 14, 736–743. [CrossRef] [PubMed]

35. Lee, K.H.; Nam, G.W.; Kim, S.H.; Lee, S.H. Phytocomponents of triterpenoids, oleanolic acid and ursolic
acid, regulated differently the processing of epidermal keratinocytes via ppar-a pathway. Exp. Dermatol.
2006, 15, 66–73. [CrossRef] [PubMed]

36. Moura-Letts, G.; Villegas, L.F.; Marcalo, A.; Vaisberg, A.J.; Hammond, G.B. In vivo wound-healing activity
of oleanolic acid derived from the acid hydrolysis of anredera diffusa. J. Natl. Prod. 2006, 69, 978–979.
[CrossRef] [PubMed]

37. Zhang, S.; Zhao, Q.F.; Fang, N.N.; Yu, J.G. Betulin inhibits pro-inflammatory cytokines expression through
activation stat3 signaling pathway in human cardiac cells. Eur. Rev. Med. Pharmacol. Sci. 2015, 19, 455–460.
[PubMed]

38. Bani, S.; Kaul, A.; Khan, B.; Ahmad, S.F.; Suri, K.A.; Gupta, B.D.; Satti, N.K.; Qazi, G.N. Suppression of
t lymphocyte activity by lupeol isolated from crataeva religiosa. Phytother. Res. 2006, 20, 279–287. [CrossRef]
[PubMed]

39. Fernandez, M.A.; de las Heras, B.; Garcia, M.D.; Saenz, M.T.; Villar, A. New insights into the mechanism of
action of the anti-inflammatory triterpene lupeol. J. Pharmacy Pharmacol. 2001, 53, 1533–1539. [CrossRef]

40. Altinier, G.; Sosa, S.; Aquino, R.P.; Mencherini, T.; Della Loggia, R.; Tubaro, A. Characterization of topical
antiinflammatory compounds in rosmarinus officinalis. J. Agric. Food Chem. 2007, 55, 1718–1723. [CrossRef]
[PubMed]

41. Scheffler, A. Emulsion Containing a Plant Extract, Method for Producing Said Emulsion and for Obtaining a
Plant Extract. U.S. Patent 2003/0087789 A1, 8 May 2003.

42. Laszczyk, M.; Jäger, S.; Simon-Haarhaus, B.; Scheffler, A.; Schempp, C.M. Physical, chemical and
pharmacological characterization of a new oleogel-forming triterpene exract from the outer bark of birch
(betulae cortex). Planta Med. 2006, 72, 1389–1395. [CrossRef] [PubMed]

43. Scheffler, A. Triterpene-Containing Oleogel-Forming Agent, Triterpene-Containing Oleogel and Method for
Producing a Triterpene-Containing Oleogel. U.S. Patent 8,536,380 B2, 20 August 2013.

44. O’Connell, M.M.; Bentley, M.D.; Campbell, C.S.; Cole, B.J.W. Betulin and lupeol in bark from four white
barked birches. Phytochemistry 1988, 27, 2175–2176. [CrossRef]

45. Hua, Y.; Bentley, M.D.; Cole, B.J.W.; Murray, K.D.; Alford, A.R. Triterpenes from the outer bark of betula
nigra. J. Wood Chem. Technol. 1991, 11, 503–516. [CrossRef]

46. Co, M.; Koskela, P.; Eklund-Akergren, P.; Srinivas, K.; King, J.W.; Sjöberg, P.J.R.; Turner, C. Pressurized liquid
extraction of betulin and antioxidants from birch bark. Green Chem. 2009, 11, 668–674. [CrossRef]

47. Fridén, M.E.; Jumaah, F.; Gustavsson, C.; Enmark, M.; Fornstedt, T.; Turner, C.; Sjöberg, P.J.R.; Samuelsson, J.
Evaluation and analysis of environmentally sustainable methodologies for extraction of betulin from birch
bark with a focus on industrial feasibility. Green Chem. 2016, 18, 516–523. [CrossRef]

48. Chen, Q.; Fu, M.L.; Liu, J.; Zhang, H.F.; He, G.Q.; Ruan, H. Optimization of ultrasonic-assisted extraction
(UAE) of betulin from white birch bark using response surface methodology. Ultrason. Sonochem. 2009, 16,
599–604. [CrossRef] [PubMed]

49. Guidoina, M.; Yanga, J.; Pichette, A.; Roy, C. Betulin isolation from birch bark by vacuum and atmospheric
sublimation. A thermogravimetric study. Thermochim. Acta 2003, 398, 153–166. [CrossRef]

50. Krasutsky, P.A.; Carlson, R.M.; Nesterenko, V.V. Birch Bark Processing and the Isolation of Natural Products
from Birch Bark. U.S. Patent 6,392,070 B1, 21 May 2002.

51. Zhang, Y.; Yu, T.; Wang, Y. Extraction of betulin from bark of betula platyphylla by supercritical carbon
dioxide extraction. J. For. Res. 2003, 14, 202–204.

http://dx.doi.org/10.1111/j.1610-0387.2008.06865.x
http://www.ncbi.nlm.nih.gov/pubmed/18808378
http://dx.doi.org/10.1159/000357501
http://www.ncbi.nlm.nih.gov/pubmed/25034442
http://dx.doi.org/10.1371/journal.pone.0086147
http://www.ncbi.nlm.nih.gov/pubmed/24465925
http://dx.doi.org/10.1111/j.1600-0625.2005.00352.x
http://www.ncbi.nlm.nih.gov/pubmed/16176281
http://dx.doi.org/10.1111/j.0906-6705.2005.00386.x
http://www.ncbi.nlm.nih.gov/pubmed/16364033
http://dx.doi.org/10.1021/np0601152
http://www.ncbi.nlm.nih.gov/pubmed/16792424
http://www.ncbi.nlm.nih.gov/pubmed/25720718
http://dx.doi.org/10.1002/ptr.1852
http://www.ncbi.nlm.nih.gov/pubmed/16557610
http://dx.doi.org/10.1211/0022357011777909
http://dx.doi.org/10.1021/jf062610+
http://www.ncbi.nlm.nih.gov/pubmed/17288440
http://dx.doi.org/10.1055/s-2006-951723
http://www.ncbi.nlm.nih.gov/pubmed/17091432
http://dx.doi.org/10.1016/0031-9422(88)80120-1
http://dx.doi.org/10.1080/02773819108051090
http://dx.doi.org/10.1039/b819965e
http://dx.doi.org/10.1039/C5GC00519A
http://dx.doi.org/10.1016/j.ultsonch.2008.11.009
http://www.ncbi.nlm.nih.gov/pubmed/19110462
http://dx.doi.org/10.1016/S0040-6031(02)00358-1


Appl. Sci. 2017, 7, 292 14 of 14

52. Sarek, J.; Svoboda, M.; Hajduch, M. Method of Preparation and Isolation of Betulin Diacetate from Birch Bark
from Paper Mills and Its Optional Processing to Betulin. U.S. Patent 2009/0318719 A1, 24 December 2009.

53. Jarvis, A.P.; Morgan, E.D. Isolation of plant products by supercritical-fluid extraction. Phytochem. Anal. 1997,
8, 217–222. [CrossRef]

54. Reverchon, E.; Adami, R. Nanomaterials and supercritical fluid. J. Supercrit. Fluids 2006, 37, 1–22. [CrossRef]
55. Petersen, R.C.; Matson, D.W.; Smith, R.D. Rapid precipitation of low vapor pressure solids from supercritical

fluid solutions: The formation of thin films and powders. Am. Chem. Soc. 1986, 108, 2100–2102. [CrossRef]
56. Matson, D.W.; Fulton, J.L.; Petersen, R.C.; Smith, R.D. Rapid expansion of supercritical fluid solutions: Solute

formation of powders, thin films, and fibers. Ind. Eng. Chem. Res. 1987, 26, 2298–2306. [CrossRef]
57. Debenedetti, P.G. Homogeneous nucleation in supercritical fluids. AIChE J. 1990, 36, 1289–1298. [CrossRef]
58. Jung, J.; Perrut, M. Particle design using supercritical fluids: Literature and patent survey. J. Supercrit. Fluids

2001, 20, 179–219. [CrossRef]
59. Grysko, M.; Daniels, R. Evaluation of the mechanism of gelation of an oleogel based on a triterpene extract

from the outer bark of birch. Pharmazie 2013, 68, 572–577. [PubMed]

© 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1002/(SICI)1099-1565(199709/10)8:5&lt;217::AID-PCA366&gt;3.0.CO;2-J
http://dx.doi.org/10.1016/j.supflu.2005.08.003
http://dx.doi.org/10.1021/ja00268a066
http://dx.doi.org/10.1021/ie00071a021
http://dx.doi.org/10.1002/aic.690360902
http://dx.doi.org/10.1016/S0896-8446(01)00064-X
http://www.ncbi.nlm.nih.gov/pubmed/23923639
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Reference Material 
	Extraction 
	HPLC Analysis 
	Gel Production 
	Rheology 
	Surface Analysis 

	Results 
	Birch Bark Extraction with Supercritical Carbon Dioxide 
	Triterpene Composition of Birch Bark Extracts 
	Rheological Characterisation of Gels Stabilised with Birch Bark Extracts 
	Surface Analysis of Birch Bark Extracts 

	Discussion 
	Conclusions 

