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Abstract: Eucalyptus bark contains significant amounts of triterpenoids with demonstrated 

bioactivity, namely triterpenic acids and their acetyl derivatives (ursolic, betulinic, 

oleanolic, betulonic, 3-acetylursolic, and 3-acetyloleanolic acids). In this work, the 

supercritical fluid extraction (SFE) of Eucalyptus globulus deciduous bark was carried out 

with pure and modified carbon dioxide to recover this fraction, and the results were 

compared with those obtained by Soxhlet extraction with dichloromethane. The effects of 

pressure (100–200 bar), co-solvent (ethanol) content (0, 5 and 8% wt), and multistep 

operation were studied in order to evaluate the applicability of SFE for their selective and 

efficient production. The individual extraction curves of the main families of compounds 

were measured, and the extracts analyzed by GC-MS. Results pointed out the influence of 

pressure and the important role played by the co-solvent. Ethanol can be used with 

advantage, since its effect is more important than increasing pressure by several tens of 

bar. At 160 bar and 40 °C, the introduction of 8% (wt) of ethanol greatly improves the 

yield of triterpenoids more than threefold. 
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1. Introduction 

Presently, technologies based on the use of fossil fuels for energy and chemical production are still 

predominant. Nonetheless, because of dwindling feedstocks, growing concerns about global climate 

change and pollution, and stricter emission laws, new approaches are being sought to produce novel 

and better quality products to meet the new sustainability targets of present politic and industrial 

thinking [1–4]. At this point, forest and mill residues, agriculture crops and wastes, wood and wood 

wastes, animal wastes, livestock operation residues, aquatic plants, fast-growing trees and plants, and 

municipal and industrial wastes can play an important role. These renewable resources can be 

transformed into a variety of products, including chemicals, energy, transportation fuels, and materials, 

giving rise of the concept of biorefinery as an integral unit which accepts, converts and processes  

such feedstocks [5–8].  

For the sustainability of biorefineries, low environmental impact technologies must be used 

throughout, which may be accomplished by integrating that target into a performance criterion of the 

design. It is vital to avoid the unacceptable aspects of petrochemical production and avoid hazardous 

and environmentally harmful process auxiliaries, such as toxic reagents and volatile organic solvents. 

In this scenario, green chemical technologies, such as supercritical fluid extraction (SFE) [5,9], receive 

particular attention, and novel solvents become highly desirable, such as supercritical carbon dioxide 

(SC-CO2) and ionic liquids [1,4,10,11].  

The interests of agro-forest industries, particularly pulp and paper mills, in the integrated 

exploitation of plants biomass is growing enormously, since they produce considerable amounts of  

by-products, such as bark and general logging wastes (e.g., leaves, branches, fruits, sawdust), which 

are either left in the forest for soil nutrition or ultimately burned in the biomass boiler for energy 

production. Some of these residues contain high value components whose extraction does not affect 

the current pulp and power outputs of existing mills. For instance, the exploitation of valuable 

extractives, such as phytosterols, namely β-sitosterol [12–14], lignans [15–17], and betulin [18,19] 

from by-products of the industrial processing (e.g., bark, wood knots, pulping liquors) is a strategy 

implemented in some pulp industries.  

In the last few years, we have been investigating the potential of Eucalyptus spp. residues in order 

to enlarge the concept “from waste to value” for pulp and paper mills [20–26]. Bark, particularly its 

outer fraction, is among the most interesting eucalypt residues, since it contains high amounts of 

triterpenoids, representing 5.2, 5.7, 9.3, 22.8 and 24.6 g/kg in Eucalyptus urograndis, Eucalyptus 

grandis, Eucalyptus maidenii, Eucalyptus globulus and Eucalyptus nitens respectively [20,22,23], 

along with monoterpenes and sesquiterpenes, followed by smaller amounts of fatty acids, fatty 

alcohols, and aromatic compounds [20–23]. The main triterpenoids found in several Eucalyptus 

species have lupane, oleanane and ursane structures, as shown in Figure 1: five triterpenic acids 

(ursolic, betulinic, oleanolic, betulonic, 3-acetylursolic and 3-acetyloleanolic acids), β-amyrin, and the 
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triterpenic type sterol β-sitosterol. These triterpenic acids are recognized, for example, as promising 

compounds for the development of new multi-targeting bioactive agents [27–30] of very high  

market value.  

Figure 1. Major lupane, oleanane and ursane triterpenoids identified in Eucalyptus globulus bark. 

 

For these reasons, the triterpenoid fraction of eucalyptus bark can justify a “high-value  

low-volume” outputs approach [6] in the integrated pulp mill biorefineries of the future. 

In this paper, the supercritical fluid extraction of triterpenoids from eucalyptus deciduous bark is 

presented. The effects of pressure, co-solvent (ethanol) content, and multistep operation are studied in 

order to enlighten subsequent investigations on the applicability of SFE for their selective and efficient 

production. The extracts obtained from one step and multistep operation with SC-CO2 and SC-CO2 

modified with ethanol are analyzed. The individual cumulative extraction curves of the main families 

of compounds are also discussed in detail. 

2. Results and Discussion 

2.1. Soxhlet Extraction of Eucalyptus globulus Deciduous Bark 

The yield of the lipophilic extractives of deciduous bark extracted with dichloromethane was 2.1% 

(wt), which is in good agreement with previous results for this biomass fraction of E. globulus [21].  

A GC-MS chromatogram of this extract (as TMS derivatives) is shown in Figure 2. In Table 1 the 

corresponding retention times, composition and concentrations are listed. It may be observed that the 

extract is mainly composed of several triterpenic acids with lupane, oleanane and ursane skeletons 

(Figure 1), mostly ursolic acid and its acetyl derivative, 3-acetylursolic acid, accounting for 2.77 g/kg 

and 2.64 g/kg, respectively, in a total of 10.74 g/kg quantified compounds. Betulonic (0.80 g/kg), 

oleanolic (0.71 g/kg), 3-acetyloleanolic (0.69 g/kg) and betulinic (0.62 g/kg) acids are also abundant in 

this extract, being the main components of the triterpenoid family of compounds, which also includes 

minor amounts of β-amyrin. Several fatty acids (C14 to C28, accounting globally for 0.48 g/kg),  
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mainly hexadecanoic, tetracosanoic and hexacosanoic acids, some long chain aliphatic alcohols  

(C16 to C28, accounting globally for 0.44 g/kg), as hexacosan-1-ol, and β-sitosterol (0.24 g/kg) are also 

present in considerable amounts in the extract. 

Figure 2. GC-MS chromatogram of the dichloromethane extract of Eucalyptus globulus 

deciduous bark. (FA, fatty acids; LCAA, long chain aliphatic alcohols; TT, triterpenoids; 

IS, internal standard-tetracosane). 

 

Table 1. Composition of the dichloromethane extract of Eucalyptus globulus deciduous 

bark. The retention times correspond to the chromatogram of Figure 2. 

tr (min) Compound Content (mg/kg of bark) 

 Fatty acids (FA) 482.8 
29.81 tetradecanoic acid 40.6 
34.50 hexadecanoic acid 109.2 
38.15 linoleic acid 16.7 
38.82 oleic acid 22.3 
42.10 octadecanoic acid 21.6 
48.61 docosanoic acid 27.6 
50.15 tetracosanoic acid 114.0 
55.03 hexacosanoic acid 109.3 
59.87 octacosanoic acid 21.6 

 Long chain aliphatic alcohols (LCAA) 445.5 
32.73 hexadecan-1-ol 96.6 
36.49 Z-9-octadecen-1-ol 81.9 
37.19 E-9-octadecen-1-ol 23.6 
37.94 octadecan-1-ol 62.6 
49.99 tetracosan-1-ol 25.6 
53.58 hexacosan-1-ol 85.9 
59.37 octacosan-1-ol 69.1 

 Sterols (ST) 242.5 
60.13 β-sitosterol 242.5 
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Table 1. Cont. 

tr (min) Compound Content (mg/kg of bark) 

 Triterpenoids (TT) 9,001.7 
60.07 β-amyrin  313.7 
64.21 betulonic acid 797.7 
64.96 oleanolic acid 712.5 
65.86 betulinic acid 618.7 
66.18 ursolic acid 2,771.9 
66.68 3-acetyloleanolic acid 691.2 
66.97 3-acetylbetulinic acid 55.1 
68.03 3-acetylursolic acid 2,635.1 

 unidentified triterpenoids 405.8 

 Other compounds/unidentified compounds 566.5 
 Total detected compounds 10,738.9 

2.2. One-Step Supercritical Fluid Extraction of Eucalyptus globulus Deciduous Bark 

In this section, the results obtained for the five supercritical extractions carried out in one step are 

presented and discussed. On the whole, the extraction yields ranged from 0.48% to 1.76% (wt), a slight 

increase from 100 bar to 160 bar being observed (Figure 3), but a considerable jump of 103% was 

obtained when passing from 160 bar to 220 bar. This behavior is due to the direct effect of pressure 

upon the density of CO2, which determines solubility at constant temperature.  

Figure 3. Global extraction yields of Eucalyptus globulus deciduous bark obtained at  

40 °C with SC-CO2 and SC-CO2/ethanol compared to Soxhlet extraction with 

dichloromethane (EtOH, ethanol). 

 

The densities of CO2, calculated with the Pitzer and Schreiber equation of state [31], for pressures 

of 100, 160, and 220 bar, are 633.1, 796.8 and 858.7 kg/m3, respectively, which shows the significant 

impact of density in the region around 800 kg/m3, a value typical of current organic solvents.  

An analogous trend was found for the extractions carried out at constant temperature and pressure  

(40 °C, 160 bar) when the co-solvent (ethanol) introduced was increased from 0% to 5%, and then to  

8% (wt) (Figure 3). In this sequence, the densities of the CO2 and ethanol mixtures are very  
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similar: 796.8, 794.2 and 795.0 [32]—but the extraction yields show two large increments (154% and 

240%). Concerning the entrainer effect, which is defined as an increase in both solubility and 

selectivity [33], the polarity modification imparted by ethanol to the non-polar CO2, with final positive 

effect on solvent power, reveals the intermolecular interactions between ethanol and the extract 

components. It is worth noting that the yield achieved at 160 bar/40 °C/8% (wt) ethanol is close to that 

obtained by Soxhlet extraction with dichloromethane (1.8% versus 2.1%). 

Regarding the composition of those extracts, they exhibit considerable differences, both 

quantitatively and qualitatively. In Figure 4, the abundances of the most important chemical families 

detected are plotted together with the Soxhlet extraction results for comparison. The numerical values 

are listed in Table 2, where the individual concentrations of triterpenoids are specified, given their 

interest in this work.  

Table 2. Main components and families (mg/kg of dry bark) of Eucalyptus globulus 

deciduous bark extracts obtained with SC-CO2 and SC-CO2/ethanol. Comparison with 

Soxhlet results using dichloromethane (see Table 1). 

 Supercritical Fluid Extraction b Soxhlet 

P (bar) 100 160 220 160 160 Dichloromethane 

7 h Ethanol (%, wt) 0 0 0 5 8 

Fatty acids 243.8 189.5 374.8 174.8 351.9 482.8 

Long chain aliphatic alcohols 246.2 173.7 226.5 345.3 253.1 445.5 

Triterpenoids 1,193.4 2,063.3 3,273.0 5,174.4 6,534.1 9,244.2 

β-sitosterol 190.6 131.1 236.8 272.0 261.5 242.5 

β-amyrin 137.6 91.8 171.7 151.1 168.6 313.7 

betulonic acid 198.6 399.8 648.1 653.8 731.6 797.7 

oleanolic acid ND a 49.9 79.5 661.1 691.4 712.5 

betulinic acid ND a 123.7 177.5 572.4 633.0 618.7 

ursolic acid ND a 73.0 69.4 1,740.5 1,779.6 2,771.9 

3-acetyloleanolic acid 143.9 238.5 384.6 172.0 429.1 691.2 

3-acetylursolic acid 409.9 875.6 1,377.6 820.6 1,495.3 2,635.1 

Other/unidentified triterpenoids 112.8 79.9 127.8 130.9 344.0 460.9 

Other compounds 520.4 398.3 926.2 523.6 521.9 566.5 

Total detected 2,203.8 2,824.8 4,800.5 6,218.2 7,661.0 10,739.0 
a ND = not detected; b Remaining SFE conditions: extraction temperature, 40 °C; CO2 mass flow rate,  

12.5 g/min; extraction time, 3 h.  

In the assays without co-solvent addition, the extracts show similar compositions. The main 

components are triterpenoids, particularly 3-acetylursolic, 3-acetyloleanolic and betulonic acids, also 

as β-amyrin and β-sitosterol, followed by fatty acids, (from which palmitic and oleic are the most 

representative), and minor fractions of long chain aliphatic alcohols. β-sitosterol was included in the 

triterpenoids group. Besides, considering the recognized biological activities of this molecule [34,35], 

its eventual exploitation can be of relevant interest for the upgrade of E. globulus biomass residues. In 

comparison to the dichloromethane extract, it is noteworthy that the three assays without co-solvent 

have low content levels (or even an absence of content) of ursolic and oleanolic acids (Table 2), two of 

the main components of E. globulus deciduous bark (see Table 1). This is due to the polarity gap 
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between them and CO2, which implies that higher pressure or, alternatively, a modifier is necessary to 

improve their solubility. This is clear from the successful removal of their acetylated forms (i.e.,  

3-acetylursolic, 3-acetyloleanolic), since after esterification the polarity imparted by the hydroxyl 

group is much attenuated.  

Figure 4. Contents of the main families of compounds in extracts of Eucalyptus globulus 

deciduous bark obtained with SC-CO2 and SC-CO2/ethanol at 40 °C (see Table 2). 

Comparison with Soxhlet extraction with dichloromethane. (FA, fatty acids; LCAA, long 

chain aliphatic alcohols; TT, triterpenoids; EtOH, ethanol). 

 

In experiments with co-solvent addition, a significant increase (151%) of the amount of 

triterpenoids extracted with 5% (wt) ethanol (5.17 g/kg at 160 bar) was observed in comparison to the 

extract obtained with pure carbon dioxide at the same pressure and temperature (2.06 g/kg)—see Table 2. 

The recovery of triterpenoids was once again enhanced (in this case, 26%) after raising the ethanol 

content to 8% (wt), attaining 6.53 g/kg of bark. These results emphasize the chief role played by 

solvent polarity, since such increments can be attributed mainly to the extraction of non-acetylated 

triterpenic acids. In fact, at 160 bar and 40 °C, their evolution along with ethanol percentage in the 

supercritical solvent may be taken from Table 2: ursolic acid, 0.073, 1.74, 1.78 g/kg, and oleanolic 

acid, 0.050, 0.66, 0.69 g/kg. In conjunction, these variations account for 52.5% of the global increment 

of triterpenoids. In contrast, the two acetylated acids (acetylursolic and acetyloleanolic), justify only 

18.6% of triterpenoid extraction enhancement. 

Compared with the dichloromethane extract, the quantities of triterpenoids obtained by  

SC-CO2/ethanol extraction reached about 70.7% of its total potential. Nonetheless, such yields 

may/should be optimized by adjusting operating conditions, such as extraction time, pressure, 

temperature, and co-solvent percentage in the SC-CO2 stream. 

On the whole, the increased amount of triterpenoids extracted is, essentially, the main difference 

between the extracts obtained with and without co-solvent, the remaining composition being similar.  
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2.3. Stepwise SC-CO2 Extraction of Eucalyptus globulus Deciduous Bark 

The individual cumulative curves for each family of compounds obtained in the stepwise extraction 

assay are plotted in Figures 5 and 6 as functions of the mass of the CO2 spent per unit mass of bark.  

In Figure 5, they are plotted as absolute weight (mg) of solute in the extract, while in Figure 6 they are 

normalized by their maximum extractable values (taken to be equal to that of the Soxhlet 

dichloromethane extract).  

Figure 5. Cumulative extraction curves for each family of compounds obtained by 

stepwise extraction with SC-CO2 and SC-CO2/ethanol at 40 °C. (FA, fatty acids;  

LCAA, long chain aliphatic alcohols; TT, triterpenoids; EtOH, ethanol). 

 

Figure 6. Cumulative extraction curves of Figure 5 normalized by the corresponding 

contents obtained by Soxhlet extraction with dichloromethane taken as reference values. 

(FA, fatty acids; LCAA, long chain aliphatic alcohols; TT, triterpenoids). 

 

In the first step (120 bar, 40 °C), one extracts mostly long chain aliphatic alcohols and other 

compounds (41% and 66% of its total potential in the bark, respectively) and low quantities of 



Int. J. Mol. Sci. 2012, 13 7656 

 

 

triterpenoids and fatty acids. Of the triterpenoids, 3-acetylursolic acid is the predominant component 

due to its higher lipophilic character, at least in comparison with parent ursolic acid. Moreover, it 

should be noted that it represents ca. 30% of the triterpenoids extracted by Soxhlet with 

dichloromethane (see Table 1). 

In the second step (180 bar, 40 °C), the improved solvent power of SC-CO2 explains the extraction 

of higher amounts of triterpenoids, which increased from ca. 55 to 72 mg (see Figure 5). It is worth 

noting that the extraction rate of triterpenoids and fatty acids increases instantaneously at the beginning 

of this step (see Figure 6 also), and then diminishes continuously with time, as in the first step. The 

remaining families of components do not exhibit this trend. That jump is essentially justified by the 

effect of pressure upon solubility, as already observed and discussed in section 2.2, whereas the 

deceleration is due to the fact that the driving force to mass transfer attenuates along the extraction.  

At higher pressures the proximity between CO2 and solute molecules is shortened, making possible 

interactions with CO2 quadrupole that are almost absent at low densities. Increasing density leads to 

the creation of substantial dipole (induced or not)–quadrupole interactions that favor the solubility of 

non-acetylated triterpenic acids, from which the ursolic acid must be detached because it is the most 

abundant (ca. 68%; see Table 1). As has been mentioned above, this enhancement can be largely 

incremented using ethanol as co-solvent, which has been accomplished in the following step. 

Figure 6 illustrates that the introduction of ethanol (5%, wt) in step 3 contributed to the removal of 

higher amounts of triterpenoids and fatty acids, which doubled from 72 to 142 mg and from 10.8 to 

22.2 mg, respectively, the variation of other families being much smaller. Nevertheless, this figure 

points out that we are still far from exhausting the total amount of triterpenoids present in eucalyptus 

deciduous bark; therefore an optimization work on this topic is still needed to improve the extraction 

yield. This will be the main target of future researches, in order to achieve selective and quantitative 

triterpenoid extraction using supercritical CO2 (modified or not) at economically tractable pressures. 

Considering the results of this essay, one may expect that a multistep process based on different 

operating conditions may generate extracts enriched in triterpenoids by firstly removing part of the 

aliphatic matrix (fatty acids, long chain aliphatic alcohols and other compounds) with supercritical 

CO2, since numerous substances are CO2-philic. 

3. Experimental Section  

3.1. Chemicals 

Nonacosan-1-ol (98% purity) and β-sitosterol (99% purity) were purchased from Fluka Chemie 

(Madrid, Spain); ursolic acid (98% purity), betulinic acid (98% purity) and oleanolic acid (98% purity) 

were purchased from Aktin Chemicals (Chengdu, China); betulonic acid (95% purity) was purchased 

from CHEMOS GmbH (Regenstauf, Germany); palmitic acid (99% purity), dichloromethane  

(99% purity), pyridine (99% purity), bis(trimethylsilyl)trifluoroacetamide (99% purity), 

trimethylchlorosilane (99% purity), and tetracosane (99% purity) were supplied by Sigma Chemical 

Co (Madrid, Spain). Carbon dioxide was supplied with a purity of 99.95% from Praxair  

(Porto, Portugal). 
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3.2. Bark Samples 

Deciduous bark of E. globulus was randomly harvested from a 20-year-old clone plantation 

cultivated in the Eixo (40°37′13.56″N, 8°34′08.43″W) region of Aveiro, Portugal, air dried until a 

constant weight was achieved, and milled to granulometry lower than 2 mm prior to extraction. 

Deciduous bark was selected as substrate, since it is mostly outer bark (very similar to the last one in 

terms of triterpenic acids composition) and avoids felling a large number of trees to ensure a 

continuous supply of raw material of controlled origin for a long-term study. 

3.3. Soxhlet Extraction 

Samples of E. globulus deciduous bark (15 g) were Soxhlet-extracted with dichloromethane for 7 h. 

The solvent was evaporated to dryness, the extracts were weighed and the results were expressed as a 

percent of dry bark. Dichloromethane was chosen because it is a fairly specific solvent for lipophilic 

extractives and was used as a reference to evaluate the efficiency of the SFE extractions. 

3.4. Supercritical Fluid Extraction (SFE) 

3.4.1. SFE Apparatus  

The SFE apparatus used to carry out the extraction assays is schematically shown in Figure 7.  

In this diagram the CO2 taken from a cylinder is compressed to the desired extraction pressure by 

means of a Nova Swiss gas compressor (model 5542121), and then heated to the desired temperature 

by passing through a high pressure tubing coil immersed in a temperature-controlled (up to ±0.5 °C) 

water bath. SC-CO2 flows at the desired pressure and temperature conditions upwards through a 

packed bed of E. globulus deciduous bark contained in the extraction vessel (316SS; internal diameter 

of 24 mm; total length of 572 mm). The extractor is heated by passing hot water through a heating 

jacket surrounding the outer surface of the vessel. The extraction pressure was controlled by means of 

a back pressure regulator, BPR (Tescom 27–1700), where depressurization of the extract flow stream 

took place. The extracts were solubilized in n-hexane and collected in a glass trap, T1. To ensure total 

recovery of compounds, the gas flow passes through a second glass trap, T2. Both traps are kept under 

0 °C immersed in an ethylene glycol bath. The gas flow rate and total mass of carbon dioxide used in 

the assays are measured with a coriolis-type gas flow meter (Danfoss, Mass 6000). The extraction 

pressure is measured at the exit of the extraction vessel with an accuracy of ±0.1 MPa (Wika, model 

881.14.600). Spent CO2 is vented to the atmosphere. The addition of co-solvent to the system was 

made by a liquid pump (LDC Analytical miniPump) coupled to the gas line between the high pressure 

tubing coil immersed in the water bath and the extraction vessel. SC-CO2 and the liquid co-solvent are 

mixed in a static mixer before entering in the extraction vessel. The co-solvent container is placed on a 

balance being the flow rate measured by weight difference and controlled by the liquid pump. 
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Figure 7. Flow diagram of the apparatus used for the supercritical fluid extraction experiments. 

 

3.4.2. SFE Procedure 

In each run, about 30 g of milled bark were introduced in the extraction vessel. A first set of 

extractions were carried out at 100, 160 and 220 bar without the addition of co-solvent, and a second 

one at 160 bar with 5% and 8% (wt) ethanol during 3 h. The average SC-CO2 flow rate was  

12.5 g/min, and the temperature was kept at 40 °C. The extracts were collected in both traps at the end 

of each run and combined.  

A second sequence of extractions in series was performed at 40 °C using about 70 g of milled bark 

and 6 g/min of solvent. The following steps of 5 h were carried out: (1) extraction at 120 bar with pure 

CO2; (2) extraction at 180 bar with pure CO2; and (3) extraction at 180 bar with CO2 modified with 5% 

ethanol. The extracts were collected within 1 h interval in the first two steps, while in step 3 they were 

collected after 2 and 5 h of extraction time. All extracts were collected from both traps, combined and 

analyzed individually. The solvent was evaporated to dryness. The extracts were weighed and the 

results expressed as a percentage of dry bark. 

3.5. GC-MS Analyses 

Before each GC-MS analysis, nearly 20 mg of dried sample were converted into trimethylsilyl 

(TMS) derivatives according to the literature [23]. GC-MS analyses were performed using a Trace Gas 

Chromatograph 2000 Series equipped with a Thermo Scientific DSQ II mass spectrometer, using 

helium as carrier gas (35 cm·s−1), equipped with a DB-1 J&W capillary column (30 m × 0.32 mm i.d., 

0.25 µm film thickness). The chromatographic conditions were as follows: initial temperature: 80 °C 

for 5 min; temperature rate of 4 °C·min−1 up to 260 °C and 2 °C min−1 until the final temperature of  

285 °C; maintained at 285 °C for 10 min; injector temperature: 250 °C; transfer-line temperature:  

290 °C; split ratio: 1:50. The MS was operated in the electron impact mode with electron impact 
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energy of 70 eV and data collected at a rate of 1 scan·s−1 over a range of m/z 33–700. The ion source 

was maintained at 250 °C. 

For quantitative analysis, the GC-MS instrument was calibrated with pure reference compounds, 

representative of the major lipophilic extractives components (namely, palmitic acid, nonacosan-1-ol, 

β-sitosterol, betulinic acid, ursolic acid and oleanolic acid), relative to tetracosane, the internal 

standard used. The respective multiplication factors needed to obtain correct quantification of the peak 

areas were calculated as an average of six GC-MS runs. Compounds were identified, as TMS 

derivatives, by comparing their mass spectra with the GC-MS spectral library, with data from the 

literature [23,36–41] and, in some cases, by injection of standards. Two aliquots of each extract were 

analyzed. Each aliquot was injected in triplicate. The results presented are the average of the 

concordant values obtained for each part (less than 5% variation between injections of the same aliquot 

and between aliquots of the same sample). 

4. Conclusions  

In this work, eucalyptus deciduous bark was investigated as a source of triterpenoids due to their 

interest as new bioactive agents. The main components are ursolic acid and its acetyl derivative,  

3- acetylursolic acid, which accounted for 2.77 and 2.64 g/kg, respectively, in a total of 10.74 g/kg of 

quantified compounds. The supercritical fluid extraction with pure and modified carbon dioxide was 

evaluated by carrying out experiments at 40 °C at pressures from 100 to 220 bar. Pressure has a large 

influence upon the extraction yield and on the concentrations of the extracts. Furthermore, the 

introduction of 8% (wt) of ethanol at 160 bar and 40 °C more than trebles the yield of triterpenoids, 

which highlights the important role played by co-solvent in this extraction. Hence, ethanol may be 

used with advantage, since its effect is more important than increasing pressure by several tens of bar. 

Taking into account the additional multistep extraction performed in series in this work, the results 

showed that an appropriate combination of operating conditions may generate extracts enriched  

in triterpenoids. 

Acknowledgments 

We acknowledge the 7th Framework Programme FP7/2007-2013 for funding project AFORE: 

Forest Biorefineries: Added-value from chemicals and polymers by new integrated separation, 

fractionation and upgrading technologies (CP-IP 228589-2), to the BIIPP project (QREN 11551) for 

awarding a research grant to Rui Domingues, and to CICECO (Pest-C/CTM/LA0011/2011). 

References  

1. Clark, J.H.; Tavener, S.J. Alternative solvents: Shades of green. Org. Process Res. Dev 2007, 11, 

149–155. 

2. Huang, H.J.; Ramaswamy, S.; Tschirner, U.W.; Ramarao, B.V. A review of separation 

technologies in current and future biorefineries. Sep. Purif. Technol. 2008, 62, 1–21. 



Int. J. Mol. Sci. 2012, 13 7660 

 

 

3. Lucia, L.A.; Argyropoulos, D.S.; Adamopoulos, L.; Gaspar, A.R. Materials, Chemicals, and 

Energy From Forest Biomass: A Review. In Materials, Chemicals, and Energy from Forest 

Biomass; Argyropoulos, D.S., Ed.; American Chemical Society: Washington, DC, USA, 2007; 

Volume 954, p. 5. 

4. Sheldon, R.A. The E factor: Fifteen years on. Green Chem. 2007, 9, 1273–1283. 

5. Clark, J.H.; Budarin, V.; Deswarte, F.E.I.; Hardy, J.J.E.; Kerton, F.M.; Hunt, A.J.; Luque, R.; 

Macquarrie, D.J.; Milkowski, K.; Rodriguez, A.; et al. Green chemistry and the biorefinery: A 

partnership for a sustainable future. Green Chem. 2006, 8, 853–860. 

6. Fernando, S.; Adhikari, S.; Chandrapal, C.; Murali, N. Biorefineries: Current status, challenges, 

and future direction. Energy Fuels 2006, 20, 1727–1737. 

7. Gallezot, P. Process options for converting renewable feedstocks to bioproducts. Green Chem. 

2007, 9, 295–302. 

8. Kamm, B.; Kamm, M.; Schmidt, M.; Hirth, T.; Schulze, M. Lignocellulose-Based Chemical 

Products and Product Family Trees. In Biorefinerie—Industrial Processes and Products: Status 

Quo and Future Directions; Kamm, B., Gruber, P., Kamm, M., Eds.; Wiley-VCH: Weinheim, 

Germany, 2006; pp. 97–150. 

9. Jenck, J.F.; Agterberg, F.; Droescher, M.J. Products and processes for a sustainable chemical 

industry: A review of achievements and prospects. Green Chem. 2004, 6, 544–556. 

10. Deswarte, F.E.I.; Clark, J.H.; Hardy, J.J.E. Extraction of High-value Chemicals from Wheat 

Straw by Supercritical Carbon Dioxide. In Proceedings of the 230th National Meeting of the 

American Chemical Society, Washington, DC, USA, 28 August–1 September 2005; American 

Chemical Society: Washington, DC, USA, 2005; pp. U61–U62. 

11. Eckert, C.; Liotta, C.; Ragauskas, A.; Hallett, J.; Kitchens, C.; Hill, E.; Draucker, L. Tunable 

solvents for fine chemicals from the biorefinery. Green Chem. 2007, 9, 545–548. 

12. Fernandes, P.; Cabral, J.M.S. Phytosterols: Applications and recovery methods. Bioresour. 

Technol. 2007, 98, 2335–2350. 

13. Hamunen, A. Process for the Purification of β-sitosterol Isolated from the Unsaponifiables in 

Crude Soap from the Sulphate Cellulose Process. U.S. Patent 4422974, 1983. 

14. Niemela, K. Low-molecular-weigth Organic Compounds in Brich Kraft Black Liquor. Ph.D 

Dissertation, Helsinki University of Technology, Helsinki, Finland, 1990. 

15. Pietarinen, S.P.; Willfor, S.M.; Ahotupa, M.O.; Hemming, J.E.; Holmbom, B.R. Knotwood and 

bark extracts: Strong antioxidants from waste materials. J. Wood Sci. 2006, 52, 436–444. 

16. Willfor, S.; Nisula, L.; Hemming, J.; Reunanen, M.; Holmbom, B. Bioactive phenolic substances 

in industrially important tree species. Part 2: Knots and stemwood of fir species. Holzforschung 

2004, 58, 650–659. 

17. Willfor, S.; Nisula, L.; Hemming, J.; Reunanen, M.; Holmbom, B. Bioactive phenolic substances 

in industrially important tree species. Part 1: Knots and stemwood of different spruce species. 

Holzforschung 2004, 58, 335–344. 

18. Kolomitsyn, I.V.; Holy, J.; Perkins, E.; Krasutsky, P.A. Analysis and antiproliferative activity of 

bark extractives of Betula neoalaskana and B. papyrifera. Synthesis of the most active extractive 

component—betulin 3-caffeate. Nat. Prod. Commun. 2007, 2, 17–26. 

19. Krasutsky, P.A. Birch bark research and development. Nat. Prod. Rep. 2006, 23, 919–942. 



Int. J. Mol. Sci. 2012, 13 7661 

 

 

20. Domingues, R.M.A.; Patinha, D.J.S.; Sousa, G.D.A.; Villaverde, J.J.; Silva, C.M.; Freire, C.S.R.; 

Silvestre, A.J.D.; Neto, C.P. Eucalyptus biomass residues from agro-forest and pulping industries 

as sources of high-value triterpenic compounds. Cell. Chem. Technol. 2011, 45, 475–481. 

21. Domingues, R.M.A.; Sousa, G.D.A.; Freire, C.S.R.; Silvestre, A.J.D.; Neto, C.P. Eucalyptus 

globulus biomass residues from pulping industry as a source of high value triterpenic compounds. 

Ind. Crop. Prod. 2010, 31, 65–70. 

22. Domingues, R.M.A.; Sousa, G.D.A.; Silva, C.M.; Freire, C.S.R.; Silvestre, A.J.D.; Neto, C.P. 

High value triterpenic compounds from the outer barks of several Eucalyptus species cultivated in 

Brazil and in Portugal. Ind. Crops Prod. 2011, 33, 158–164. 

23. Freire, C.S.R.; Silvestre, A.J.D.; Neto, C.P.; Cavaleiro, J.A.S. Lipophilic extractives of the inner 

and outer barks of Eucalyptus globulus. Holzforschung 2002, 56, 372–379. 

24. Santos, S.A.O.; Freire, C.S.R.; Domingues, M.R.M.; Silvestre, A.J.D.; Neto, C.P. Characterization 

of phenolic components in polar extracts of Eucalyptus globulus labill. bark by high-performance 

liquid chromatography-mass spectrometry. J. Agric. Food. Chem. 2011, 59, 9386–9393. 

25. Santos, S.A.O.; Villaverde, J.J.; Freire, C.S.R.; Domingues, M.R.M.; Neto, C.P.; Silvestre, A.J.D. 

Phenolic composition and antioxidant activity of Eucalyptus grandis, E. urograndis (E. grandis × 

E. urophylla) and E. maidenii bark extracts. Ind. Crop. Prod. 2012, 39, 120–127. 

26. Patinha, D.J.S.; Domingues, R.M.A.; Villaverde, J.J.; Silva, A.M.S.; Silva, C.M.; Freire, C.S.R.; 

Neto, C.P.; Silvestre, A.J.D. Lipophilic extractives from the bark of Eucalyptus grandis × 

globulus, a rich source of methyl morolate: Selective extraction with supercritical CO2. Ind. Crop. 

Prod. 2012, (in press). 

27. Laszczyk, M.N. pentacyclic triterpenes of the lupane, oleanane and ursane group as tools in 

cancer therapy. Planta Med. 2009, 75, 1549–1560. 

28. Dzubak, P.; Hajduch, M.; Vydra, D.; Hustova, A.; Kvasnica, M.; Biedermann, D.; Markova, L.; 

Urban, M.; Sarek, J. Pharmacological activities of natural triterpenoids and their therapeutic 

implications. Nat. Prod. Rep. 2006, 23, 394–411. 

29. Sultana, N.; Ata, A. Oleanolic acid and related derivatives as medicinally important compounds. 

J. Enzym. Inhib. Med. Chem. 2008, 23, 739–756. 

30. Yogeeswari, P.; Sriram, D. Betulinic acid and its derivatives: A review on their biological 

properties. Curr. Med. Chem. 2005, 12, 657–666. 

31. Pitzer, K.S.; Schreiber, D.R. Improving equation-of-state accuracy in the critical region; equations 

for carbon dioxide and neopentane as examples. Fluid Phase Equilib. 1988, 41, 1–17. 

32. Galicia-Luna, L.A.; Ortega-Rodriguez, A.; Richon, D. New apparatus for the fast determination of 

high-pressure vapor-liquid equilibria of mixtures and of accurate critical pressures. J. Chem. Eng. 

Data 2000, 45, 265–271. 

33. Güçlü-Üstünda, O.; Temelli, F. Solubility behavior of ternary systems of lipids, cosolvents and 

supercritical carbon dioxide and processing aspects. J. Supercrit. Fluids 2005, 36, 1–15. 

34. Moreau, R.A.; Whitaker, B.D.; Hicks, K.B. Phytosterols, phytostanols, and their conjugates in 

foods: Structural diversity, quantitative analysis, and health-promoting uses. Prog. Lipid Res. 

2002, 41, 457–500. 

35. Ostlund, R.E. Phytosterols in human nutrition. Annu. Rev. Nutr. 2002, 22, 533–549. 



Int. J. Mol. Sci. 2012, 13 7662 

 

 

36. Budzikiewicz, H.; Wilson, J.M.; Djerassi, C. Mass spectrometry in structural and stereochemical 

problems. 32 pentacyclic triterpenes. J. Am. Chem. Soc. 1963, 85, 3688–3699. 

37. Burnoufradosevich, M.; Delfel, N.E.; England, R. Gas chromatography-mass spectrometry of 

oleanane-type and ursane-type triterpenes—Application chenopodium-quinoa triterpenes. 

Phytochemistry 1985, 24, 2063–2066. 

38. Gutierrez, A.; del Rio, J.C.; Gonzalez-Vila, F.J.; Martin, F. Chemical composition of lipophilic 

extractives from Eucalyptus globulus Labill. wood. Holzforschung 1999, 53, 481–486. 

39. Pelillo, M.; Lafelice, G.; Marconi, E.; Caboni, M. Identification of plant sterols in hexaploid and 

tetraploid wheats using gas chromatography with mass spectrometry. Rapid Commun. Mass 

Spectrom. 2003, 17, 2245–2252. 

40. Pereira, S.I.; Freire, C.S.R.; Neto, C.P.; Silvestre, A.J.D.; Silva, A.M.S. Chemical composition of 

the epicuticular wax from the fruits of Eucalyptus globulus. Phytochem. Anal. 2005, 16, 364–369. 

41. Rencoret, J.; Gutierrez, A.; del Rio, J.C. Lipid and lignin composition of woods from different 

eucalypt species. Holzforschung 2007, 61, 165–174. 

© 2012 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 license 

(http://creativecommons.org/licenses/by/3.0/). 


