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ABSTRACT 

A qualitative analysis of supercritical fluid ex-
traction (SFE) of the medically useful compound, 
sage (Salvia officinalis) is presented in this 
study. Carbon dioxide was used as a super-
critical solvent. Effects of operating conditions 
such as temperature, pressure, and extraction 
time were investigated. The effect of addition of 
cosolvents was also studied. The extracted 
useful compounds were identified and analyzed 
using GC-MS chromatography. The analysis of 
the extract obtained by SFE showed certain sig-
nificant major compounds that are considered 
medically important. These major compounds 
are 1R-.alpha.-Pinene, D-Limonene, l-Camphene, 
and b-Pinene, and Eucalyptol. Although, there 
was no consistent trend with respect to the ef-
fect of the studied parameters on the composi-
tion of the extract, the selectivity of these major 
compounds are dependant on the operating 
conditions, manily the operating pressure. An 
increase in the pressure resulted in an increase 
in herb extraction yield; this is true for certain 
group of extracts, while the inverse is also true 
for other group of compounds. The effect of 
certain cosolvents on the extractability of sage 
showed a significant improvement of the yield of 
some particular constituents of sage. 
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1. INTRODUCTION 

Nowadays, there is a significant emphasis on herbs 
and their uses in medicine as an alternative to chemical 
drugs; the latest may result in certain side effects. It is 
known that plants can be used for medicinal purposes 
long before recorded history. In the early 19th century, 
when chemical analysis first became available, scientists 

began to extract and modify useful compounds from 
plants. Later, chemists began making their own versions 
of plant compounds, and over time, the use of herbal 
medicines declined in favor of drugs. Recently, the 
World Health Organization (WHO) estimated that 80% 
of people worldwide rely on herbal medicines for some 
part of their primary health care [1]. A large number of 
studies have been conducted to extract valuable ingredi-
ents from herbs [2-7]. In many cases, scientists aren’t 
sure what specific ingredient in a particular herb works 
to treat a condition or illness. Whole herbs contain many 
ingredients, and they may work together to produce a 
beneficial effect.  

Supercritical Fluid Extraction (SFE) is a process of 
separating one component (the extractant) from another 
(the matrix) using supercritical fluid as an extracting 
solvent. Extraction is usually from a solid matrix, but can 
also be from liquids as well. SFE can be used as a sample 
preparation step for analytical purposes, or on a larger 
scale to either strip unwanted material from a product 
(e.g. decaffeination) or collect a desired product (e.g. 
essential oils). Carbon dioxide (CO2) is the most com-
monly used supercritical fluid, sometimes modified by 
co-solvents such as ethanol or methanol. Extraction con-
ditions for supercritical CO2 are above the critical tem-
perature of 31.04˚C and critical pressure of 73.8 bar; the 
addition of modifiers may slightly alter such condition. 
CO2 is the most commonly used solvent due to its 
non-toxicity and non flammability properties and its 
availability in high purity at low cost. It also has good 
solvent properties for extraction of non-polar compo-
nents such as hydrocarbons, In order to extract polar 
components; cosolvent (e.g. ethanol, methanol) is fre-
quently used to raise the solvent power of supercritical 
CO2. Supercritical fluid extraction has proved effective 
in the separation of essential oil and its derivatives for 
use in the food, cosmetics, pharmaceutical and other re-
lated industries, producing high-quality oils with com-
mercially more satisfactory compositions than obtained 
through conventional hydro-distillation [8]. 

Singh et al. [9] used supercritical carbon dioxide at 

Copyright © 2012 SciRes.                                                                    OPEN ACCESS 

mailto:alasheh@just.edu.jo
http://www.worldlingo.com/ma/enwiki/en/Solvent
http://www.worldlingo.com/ma/enwiki/en/Solid
http://www.worldlingo.com/ma/enwiki/en/Liquid
http://www.worldlingo.com/ma/enwiki/en/Sample_preparation_(analytical_chemistry)
http://www.worldlingo.com/ma/enwiki/en/Sample_preparation_(analytical_chemistry)
http://www.worldlingo.com/ma/enwiki/en/Analytical_chemistry
http://www.worldlingo.com/ma/enwiki/en/Decaffeination
http://www.worldlingo.com/ma/enwiki/en/Essential_oil
http://www.worldlingo.com/ma/enwiki/en/Carbon_dioxide
http://www.worldlingo.com/ma/enwiki/en/Ethanol
http://www.worldlingo.com/ma/enwiki/en/Methanol
http://www.worldlingo.com/ma/enwiki/en/Critical_temperature
http://www.worldlingo.com/ma/enwiki/en/Critical_temperature
http://www.worldlingo.com/ma/enwiki/en/Bar


S. Al-Asheh et al. / Natural Science 4 (2012) 544-551 545

160 bar and 200 bar and both at 40˚C to extract pepper 
oil from whole low density Sarawak peppers. Langa et al. 
[10] studied the optimization of the process parameters 
for the extraction of Spanish sage essential oil using su-
percritical fluid in order to obtain extract used for medi-
cal applications such as Alzheimer’s. Fractions from co-
riander seeds (Coriandrum sativum) were obtained using 
supercritical carbon dioxide using a semi-continuous 
lab-scale process, and tested for antioxidant activity [11]. 
The extraction of carotenoids from crude palm oil was 
carried out in a dynamic supercritical fluid extraction 
[12]; effects of operating pressure and temperature, flow 
rate of the supercritical CO2, and sample size of feed 
used on the solubility of palm carotenoids were investi-
gated.  

Sage (Salvia officinalis) is a popular kitchen herb and 
is a member of the mint (Labiatae) family. It has been 
used in a variety of food preparations since ancient times. 
From its Latin name, “Salvia” meaning to cure and “Of-
ficinalis” meaning medicinal, sage has a historical repu-
tation for promotion of health and treatment of ailments. 
The major components of sage to which its traditional 
uses can be attributed, are volatile oil and tannins. The 
oil of a related species, salvia lavandulifolia, is being 
investigated for symptomatic treatment of Alzheimer’s 
disease. However, at present, there is a lack of well-de- 
signed clinical studies investigating the reputed effects of 
sage. Sage oil contains high concentrations of thujone, a 
toxic ketone, and should not be ingested [9]. 

The main objective of this study is to qualitatively in-
vestigate the extractactability of useful compounds from 
sage herb via the SCFE technique. The effects of differ-
ent parameters and operating conditions such as pressure, 
temperature and detention time on the type and yield of 
useful compounds will be studied. The useful compounds 
are believed to include volatile oils, tannins, mucilage, 
alkaloids and bitters. It is aimed to increase the selectiv-
ity of extraction of such essential components by using 
the supercritical extraction technique with CO2 as a sol-
vent, which is maintained under supercritical conditions 
until the required time is reached. In addition, a polar 
aprotic solvent (acetone) and a non-polar solvent (hexane) 
were used in some of the experiments to investigate the 
effect of cosolvent on the extractability of sage. 

2. MATERIALS AND METHODS 

2.1. Materials 

The sage herbs chosen for this study were collected 
from a home garden as leaves. After harvesting, the 
leaves were separated and washed under tap water. 
Leaves were dried at 40˚C in a ventilated drying oven for 
24 h until constant mass and then stored at ambient tem-
perature in the dark place. To avoid degradation, the 

dried plant material was ground just before extraction. 
The dried plant leaves were ground in a blender (Pana-
sonic, Malaysia) for 10 s to produce powder with an ap-
proximate size of about 0.6 mm. Carbone dioxide (purity 
99.99%), contained in a diptube cylinder, was purchased 
from the market. Ethanol (EtOH, 99.5%, analytical grade) 
was also used as a cosolvent for some of the experiments. 

Supercritical CO2 was obtained by using SFT-10 Su-
percritical Fluid Pump. The SFT-10 is a high precision 
carbon dioxide pump designed to deliver liquid carbon 
dioxide at pressures up to 10,000 psi (68.9 MPa). It can 
be used to deliver both liquid and supercritical CO2 to 
new and existing SFE equipment. It has a dual piston 
pump which rapidly produces the pressures required for 
supercritical fluid and other high pressure applications.  

2.2. Apparatus 

The extraction apparatus is installed as shown in Fig-
ure 1. A risk assessment for proposed experimental pro-
cedures was determined. The apparatus was tested at a 
high pressure reaching 4000 psi without any leak de-
tected and safety steps were considered during the ex-
perimental tests. 

2.3. Experimental Procedure 

Supercritical fluid extraction (SCFE) tests were car-
ried out in a batch mode. A 10 g weighted sample of sage 
herb was inserted into the 300 cm3 stainless steel fixed 
bed vessel. The fixed-bed sage was brought to steady 
state operation of the required pressure and temperature; 
this was achieved by heating using an electrical heater in 
a water bath and an SFT-10 Supercritical Fluid Pump. 
The bed was kept at the desired temperature and pressure 
for about 15 minutes.  

Carbon dioxide SCF (CO2) was fed into the reactor 
continuously with a supercritical fluid pump at flow rate 
of 100 ml/min and a pressure in the range of 1250 - 2500 
psi. After the desired parameters (temperature and pres-
sure) were reached, the pump was kept running for about 
15 minutes at the same pressure. The product was col-
lected in a beaker containing ethanol through the valve 
located at the joint with the outlet of the reactor. The 
ethanol acts as a trap to the compound that was extracted 
from the plant leaves and carried out with CO2. When the 
CO2 that carries the extract material leaves the stainless 
steel fixed bed reactor, it converts to its gaseous state and 
the extract material stay in the ethanol and CO2 disap-
peared. The obtained samples were placed in a glass 
container for further analysis.  

2.4. Gas Chromatography-Mass  
Spectrometry (GC-MS) Analysis 

The collected samples were analyzed using the Gas  
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Figure 1. Schematic diagram for the supercritical experimental setup. 

 
chromatography-mass spectrometry (GC-MS) method. 
The samples were analyzed using Varian 450-GC 
(VARIAN, British). One ml of sample was taken and put 
in a 5 ml GC vial, this sample was inserted in an agitator 
and kept at a temperature of 70˚C for 5 minutes to con-
vert the liquid sample to a volatile one. An injector 
(CAR/PDMS) was then inserted into this vial for about 
30 minutes to extract all volatile compounds using a 
technique called solid phase micro extraction. The sam-
ple was then transferred to the injector port and the ex-
tracted compound was released into this port. The tem-
perature of the port was 250˚C; this is in order to main-
tain the sample in its volatile state. These separated 
compounds were then analyzed using Varian 320-MS 
(VARIAN, British); this detector uses the molecular 
weight with a scan range of 50 - 550 amu to specify the 
extracted compound. 

OPEN ACCESS 

3. RESULTS AND DISCUSSION 

Analysis of sage herb extract using GC-MS showed 
that there are 41 compounds with different prortions 
depending on the extraction conditions. Only major com- 
pounds will be indicated in the following results. These 
are illustrated in Table 1. 

The analysis of the extract showed certain significant 
major compounds such as 1R-.alpha.-Pinene (35%), D- 
Limonene (39%), l-Camphene (12%), and b-Pinene (6%), 
and Eucalyptol. These compuonds have important appli- 
cations in the pharmaceutical industry. For example, 
1R-.alpha.-Pinene is a main raw material used in the per- 
fume industry. Also, it is an essential raw material for the 
fine chemical industry [14]. Because it is a solvent for 
cholesterol, D-limonene has been clinically used to 

dissolve cholesterol-containing gallstones. It has also 
been used to relieve heartburn due to its potential for 
gastric acid neutralization and its support for healthy 
peristalsis. D-limonene has well-established chemopre- 
ventive activity against many types of cancers [15]. 

The remaining compouds from the extract have small 
proportions, however, these compounds have an im- 
portant role in the pharmaceutical industry. For example, 
the cineole-based oil in eucalyptol is used as a com- 
ponent in pharmaceutical preparations to relieve the sym- 
ptoms of influenza and colds, in products like cough 
sweets, lozenges, ointments and inhalants [16]. Also 
Caryophyllene is considered to be anaesthetic, antifungal, 
antiseptic and antibacterial [17]. 

3.1. Effect of Operating Parameters on the  
Extraction by SCF 

3.1.1. Effect of Extracting Pressure 
Figure 2 shows sage extracts at pressures 1750, 2000, 

and 2500 psig, respectively, while maintaining other 
parameters at fixed values. It can be seen that the effect 
of pressure is noticable; since some of the compounds 
appeared at certain pressure and dissappeared at other 
pressure levels. For example, Thujone could be extracted 
at a pressure of 2000 psig, but could not be detected at 
other extraction pressures. Pressure can also affect the 
amount of compounds being extracted; i.e. the concen- 
tration of some compounds increases with increasing 
extraction pressure, while for other compounds decreases 
with increasing extraction pressure. 

The explanantion of such effect of pressure can be 
attributed to the solvent power for extraction. During 
their study on extraction of hymbra spicata oil using  T  
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Figure 2. The effect of SCF operating pressure on the quality of extract. Tem-
perature = 40˚C, time = 15 min. 

 
Table 1. Most dominant compounds of sage after SCF extraction. 

SCF extraction conditions 

T time, min Temperature, ◦C Pressure, psi 
Most dominant constituent of sage wt% 

15 70 1750 D-Limonene 39.4 

o-Cymol 41.1 
15 70 2000 

1R-.alpha.-Pinene 30.2 

Eucalyptol 43.9 
15 70 2500 

1R-.alpha.-Pinene 23.3 

120 40 1500 Eucalyptol 48.4 

Supraene 33.8 
120 50 1500 

Eucalyptol 29.1 

Squalene 28.4 

Eucalyptol 26.2 

Supraene 13.1 
120 60 1500 

1R-.alpha.-Pinene 13.1 

1R-.alpha.-Pinene 39.9 
120 70 1500 

D-Limonene 31.6 

1R-.alpha.-Pinene 32.9 
45 70 1500 

Eucalyptol 30.6 

60 70 1500 Eucalyptol 48.8 

120 70 1500 Eucalyptol 54.7 

 
supercritical fluid extraction, Sonsuzer et al. [18] found 
that while pressure was increasing, yield increased. The 
authors attributed such trend to the increase in the 
solvent power of the supercritical CO2 with increasing 
pressure. Menaker et al. [19] identified and characterized 

the supercritical extracts of certain herbs and found that 
the decrease in the yields of the extracts of lovage is due 
to the increase in pressures. 

At constant temperature, the density of the solvent 
increases with an increase in pressure, however, the 
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vapour pressure of the solute decreases with an increase 
in pressure. At elevated pressure, the magnitude of such a 
solute vapour pressure change becomes smaller and the 
density change becomes more effective and can easily 
overcome the effect of the solute vapour pressure change 
on the extraction rate. This behaviour was indicated 
earlier by Marentis [20]. 

3.1.2. Effect of Extraction Temperature 
Another set of experiments were conducted in order to 

study the effect of temperature on the supercritical ex-
traction of sage extracts. In this part, all other parameters 
were fixed while the temperature, which was increased 
from 40˚C to 70˚C. Unlike normal solvent extraction, it 
was essential not to reach high temperature of in order to 
reduce the thermal degradation of important constituents 
of the extract.  

During supercritical carbon dioxide extraction, the 
change in temperature affects the density of carbon di-
oxide, the volatile property of the analytes, and the de-
sorption of the analytes from the herb matrices. At higher 
temperature, the analytes become more volatile but the 
supercritical carbon dioxide density decreases, as shown 
by Yang et al. [21]. Generally, at high pressure, the in-
fluence of temperature on the solubility is more pro-
nounced than the influence of supercritical carbon diox-
ide density variation; while at low pressure, the effect of 
density becomes more pronounced, as found by Kiriamiti 
et al. [22]. The increase in extraction efficiency with 
increasing process temperature can be dependent on the 
molecular mass, which is related to the binary diffusion 
coefficient of solute molecules in supercritical carbon 
dioxide, as indicated Span and Wagner [23]. The fluid 
mass transfer coefficient and the effective diffusion coef-
ficient increase with temperature owing to the increase in 
the binary molecular diffusivity. 

Supercritical fluid extraction is basically a desorption 
process. It is reported that the desorption kinetic constant 
increases with temperature [24]. In addition, analytes can 
be strongly bound to the real-world samples, and a cer-
tain amount of energy is required for the extraction sys-
tem; thus at high temperatures the rate of the desorption 
process greatly increases [21]. This is because the carbon 
dioxide density reduces significantly when the tempera-
ture increases. The density of carbon dioxide is the pre-
dominant factor for the dissolution of organic molecules 
in supercritical carbon dioxide. The density of carbon 
dioxide determines strongly the number of interactions 
between carbon dioxide and the solute molecules. If suf-
ficient interactions occur, the cohesive forces between 
the individual solute molecules are broken down rapidly 
and solubilization will be enhanced. Therefore, solubili-
zation of solute in carbon dioxide is a function of the 
molecular mass of the solute and the level of interaction 

between carbon dioxide and the solute molecules [25]. In 
principle, at constant pressure, the density of the solvent 
decreases with an increase in temperature; while the va-
por pressure of the solute increases with an increase in 
temperature [26]. Thus, the change in solvent density 
becomes more effective and can easily overcome the 
effect of the solute vapor pressure variation on the ex-
traction rate [27]. Such an explanation was used for su-
percritical carbon dioxide extraction of poly-cyclic aro-
matic hydrocarbons from environmental samples as re-
ported by Yang et al. [21], and can also be applied to the 
results of this work. The results showed that the desorp-
tion rate decreases with the increase of temperature indi-
cating the endothermic nature of such process, and thus, 
lower yields are obtained at higher temperatures.  

Since the extraction of solute from herb matrices is 
basically a desorption process, the increase of desorption 
kinetic constant leads to an increase of the extraction rate 
and the extract yield. However, a further increase in 
temperature reduces the extract yield. 

The effect of extraction temperature on the concentra-
tion of some of the extraction compounds is shown in 
Figure 3. It is seen that as the extraction temperature 
increases, the concentration of sage extract decreases. 
Similar behavior was noticed by Sonsuzer et al. [18], 
who reported an inverse temperature effect on the solu-
bility of the volatile oil compounds; i.e. solvent power of 
the supercritical fluid. However, Ge et al. [28] reported 
that at high temperature and pressure, the extraction rate 
and yield are higher when using supercritical carbon di-
oxide as well as carbon dioxide and ethanol mixture as 
cosolvent to extract and rographolide. Thus, there is no 
specific trend for the effect of temperature on supercriti-
cal extraction. 

Eucalyptol is one of the most important constituents of 
sage, it has wide range of uses in medicinal and indus-
trial applications. The concentration of Eucalyptol has 
shown a decrease with increasing the extraction tem-
perature as shown in Figure 4. Therefore, to achieve the 
highest concentration of this valuables product, it is 
recommended to use the lowest temperature possible 
above the critical temperature. 

3.1.3. Effect of Extraction Time 
A set of experiments were also conducted to study the 

effect of contact time on the supercritical extraction. In 
this part, all the parameters were fixed except the extrac-
tion time which ranged from 45 min to 180 min; the 
results are shown in Figure 5 at CO2 flow rate of 100 
ml/min.  

The extraction time is an important factor affecting the 
extraction processes as certain compounds seem to not 
appear at a long period of extraction time. Thus, there 
might be an optimum extraction time need to obtain   
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Figure 3. The effect of SCF operating temperature on the quality of extract. P = 
1500 psi, time = 70 min. 

 

 
Figure 4. Effect of SCF extraction temperature on the yield of Eucalyptol. P = 
1500 psi, time = 120 min. 

 

 
Figure 5. Effect of the SCF residence time on the quality of extract. P = 1500 psi, 
T = 40˚C. 
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compounds with optimum concentration. In other words, 
it is possible that if extraction is allowed for a longer 
period of time, some compounds might form and convert 
to other compounds. Similar findings have been con-
cluded elsewhere; for example the concentration of mo- 
noterpenes increased as extraction time and pressure in-
creased, which was due to the enhanced leaching of 
harder compound to extract substances [18].  

The results in this study have shown that there is no 
distinct effect of any of the studied parameters on the 
concentrations of main constituents of sage. However, 
shows the most dominant compounds of sage resulting 
from the SCF extraction trials. 

Two cosolvents were utilized in order to study the ef-
fect of these solvents on the extraction quality of sage; 
these were a polar aprotic solvent, acetone, and a non- 
polar solvent, hexane. As shown in Table 2, the acetone 
has helped increasing the contents of Eucalyptol to 
around 70%, which is considered a significant increase at 
low temperature and pressure. This can be explained by 
the polarity nature of Eucalyptol. On the other hand, 
acetone has helped in increasing the pinene compound, 
and it helped in the extraction of a new compound; 
namely 3-carene, which is an important bone in the pro-
duction of many biologically active compounds [29]. 

4. CONCLUSION 

Supercritical fluid extraction can be used efficiently in 
the extraction of valuable ingredients from sage herbs. 
Four parameters were examined in this study; namely 
pressure, temperature, contact time, and cosolvents. 
These can be optimized for supercritical extraction of 
certain required compounds from the herb under consid-
eration. An increase in the pressure resulted in an in-
crease in herb extraction yield; this is true for certain 
group of extracts, while the inverse is also true for other 
group of compounds. The extraction yield decreases with 
the increase in extraction temperature. Contact time is an 
important parameter in the extraction process; it can af-
fect the extraction yield of certain compounds. The use 
of a polar cosolvent has helped in the increase of the 
 
Table 2. Main compounds of SCF extraction of sage using 
cosolvents (0.5 wt%). T = 40˚C, P = 1500 psi. 

Acetone Cosolvent Hexane Cosolvent 

Compound wt% Compound wt% 

3-Carene 9.4 3-Carene 18.2 

.beta.-pinene 13.8 .beta.-pinene 19.2 

b-Pinene 5.8 beta.-Phellandrene 7.4 

Eucalyptol 71.0 Eucalyptol 55.2 

yield of polar compounds in sage, mainly eucalyptol. 
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