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Abstract—Red pepper oil was extracted using near- and supercritical carbon dioxide. Extraction was carried out at
pressures ranging from 10 to 35 MPa and temperatures from 30 to 60 °C, with a CO, flow rate of 24.01 g/min using
a semi-continuous high-pressure extraction apparatus. The duration for extraction was 2 h. The highest oil yield was
found at high pressure and temperature. The highest solubility of oil (1.18 mg/g of CO,) was found at 35 MPa and 60 °C.
The solubility data of red pepper oil in near- and supercritical CO, were fitted in Chrastil model. The fatty acid com-
position of red pepper oil was analyzed by gas chromatography (GC). Linoleic acid was found to be the major fatty
acid in the oil. Capsaicin was quantified in different extracts by high performance liquid chromatography (HPLC). The
highest capsaicin yield was found at 35 MPa and 60 °C.
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INTRODUCTION

Plants of the genus Capsicum (e.g., bell pepper and chili pep-
per), belonging to the botanical family of Solanaceae, are among
the oldest cultivated plants. Their fruits have been used as spice for
over 6000 years [1]. Capsicum annuum is the most widely culti-
vated pepper in the world and practically all of the commercially
available fresh, processed, dried and frozen peppers belong to this
species. Capsicum fruits are used throughout the world because of
their unique flavor and pungency and also have widespread use as
a drug [2]. Pungency, a quality criterion in chili, is caused by a group
of vanillylamides, the capsaicinoids. Capsaicinoids are synthesized
in the placenta of the fruits by an enzymatic condensation of vanilly-
lamine and medium chain length fatty acids [3]. More than 20 capsai-
cinoids, differing only in the fatty acid structures, have been described
[4]. Capsaicin (8-methyl-N-vanillyl-6-noneamid) is the most pungent
of a group of compounds called capsaicinoids that can be isolated
from hot peppers (Capsicum annuum L.). Capsaicin and dihydro-
capsaicin, which are responsible for 90% of the total pungency, are
the most abundant principles of hot peppers. Among the capsaici-
noids, capsaicin comprises more than 70% pungency of red pepper
[5,6].

Capsaicin is important in foods due to its hot flavor. Topically
applied capsaicin is also useful in alleviating the pain associated
with diabetic neuropathy, osteoarthritis and psoriasis [7,8]. Capsai-
cinoids act on a receptor sensing noxious stimuli, the vanilloid type 1
receptor TRPV1, being a member of the transient receptor poten-
tial family of cation channels [9,10].

Several research works have been carried out to identify and quan-
tify the capsaicinoids from different variety of pepper [4,11-13]. In
most cases, capsaicin is extracted using conventional organic sol-
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vents that are harmful to human health as well as the environment.
Beside this, the production of plant extracts is currently limited by
safety and regulatory constraints to the concentration of toxic resi-
dues of conventional organic solvents [14]. Supercritical fluid extrac-
tion has been widely employed as an alternative to organic solvent
for the extraction of a variety of compounds from different matrices
[15-21]. Carbon dioxide (CO,) is probably the most widely used
supercritical fluid because of its critical temperature (31.1 °C), which
makes it an ideal solvent for extracting thermally labile materials.
It is also excellent as a solvent due to its inertness, non-toxicity, non-
flammability and low cost. CO, is applied in supercritical fluid extrac-
tion processes at near-environmental temperatures, thus minimizing
heat requirement and thermal damage to bioactive compounds [22].
Therefore, the objectives of this study were to extract red pepper
oil, to measure the solubility of the oil in near- and supercritical CO,
and to determine the fatty acid composition and capsaicin content
of the oil at different extraction temperature and pressure.

EXPERIMENTAL

1. Materials

The matured (red color) pepper was collected from Busan area,
Republic of Korea. Capsaicin was purchased from Sigma-Aldrich,
St. Luis, Mo., USA. Carbon dioxide (99.99% pure) was supplied
by KOSEM, Korea. All other reagents were of analytical or HPLC
grade.
2. Sample Preparation

Red pepper sample was dried in an oven at low temperature for
about 48 h. The dried sample was mechanically crashed and sieved
in 500 um by mesh. The sieved sample was used for near- and su-
percritical CO, extraction of oil.
3. Near- and Supercritical CO, Extraction

The laboratory scale near- and supercritical fluid extraction sys-
tem, shown in Fig. 1, can be operated at pressure up to 35 MPa.
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Fig. 1. Schematic diagram of near- and supercritical CO, extraction process.
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Twelve grams of dried red pepper sample was loaded into a 50 mL
stainless steel extraction vessel. A thin layer of cotton was placed
at the bottom of the extraction vessel. Before plugging with a cap
another layer of cotton was used at the top of the sample. CO, was
pumped at constant pressure into the extraction vessel by high pres-
sure pump up to the desired pressure. A digital pressure controller
was used to maintain the pressure of CO, accurately. The extractor
was placed into an electric oven for maintaining the extraction tem-
perature. The applied pressure and temperature ranges for near- and
supercritical CO, extraction were 10-35 MPa and 30-60 °C at a con-
stant extraction time of 2 h. The flow rate of CO, was constant at
24.01 g/min for all extraction conditions. Flow rates of CO, pass-
ing through the apparatus were measured with a gas flow meter.
The oil extracted by near- and supercritical CO, was collected by a
glass separating vessel. The amount of extract obtained at regular
intervals was established by weight using a balance with a precision
of £0.001 g. The extracted oil was then stored at —40 °C until further
analysis.
4. GC Analysis for Fatty Acid Compositions

The fatty acid compositions of pepper oil obtained by near- and
supercritical CO, extraction were determined by GC using a Hewlett
Packard gas chromatograph (5890 Series II GC system). The fatty
acid methyl esters were prepared firstly according to AOCS offi-
cial method Ce 2-66 [23] and then separated using an Agilent DB-
Wax capillary column (30 m lengthx0.250 mm internal diameter,
0.25 pum of film). Nitrogen was used as a carrier gas (1.0 mL/min)
of fatty acid methyl esters. The oven temperature was programmed
starting at a constant temperature of 130 °C for 3 min and then in-
creased to 240 °C at a rate of 4 °C/min and held at 240 °C for 10
min. Injector and detector temperatures were 250 °C. Fatty acid methyl
esters were identified by comparison of retention time with stan-
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dard fatty acid methyl esters mixture (Supleco, USA).
5. Determination of Capsaicin by HPLC

Capsaicin measurement was carried out using a Waters HPLC
equipped with a model 600E system controller, a model 484 UV/
VIS detector and an Eclipse Plus C18 column (5 pm, 4.6%250 mm,
Agilent, USA). Capsaicin was quantified by an isocratic method
reported by De la Fuente [24]. A mobile phase consisting of aceto-
nitrile and water at the volume ratio of 70 : 30 was eluted at the flow
rate of 1 mL/min. Capsaicin was detected at the wavelength of 280
nm. The amount of capsaicin in the extract was measured based
on the peak area of the standard capsaicin.

RESULTS AND DISCUSSION

1. Near- and Supercritical CO, Extraction of Oil

Near- and supercritical fluid extraction curves of red pepper oil
at different pressures (10-35 MPa) and temperatures (30-60 °C) are
shown in Fig. 2(a)-(f). The highest oil yield obtained by supercriti-
cal CO, extraction was 0.08 g/g of red pepper at 35 MPa and 60 °C.
The applied pressure and temperature variation greatly affected the
oil solvating power of near- and supercritical CO,. At constant tem-
perature, the solubility of oil in near- and supercritical CO, increased
with the increase in pressure. This happened due to direct increase
of density and hence solvating power of near- and supercritical CO,.
The effect of pressure can be attributed to the increase in solvent
power by strengthening intermolecular physical interactions [25-27].
Similar pressure effect was reported in supercritical CO, extraction
of sesame seed [21] and green coffee oil [28]. At subcritical CO,
extraction, the applied temperature (30°C) was very near to the critical
temperature of CO,. However, at this temperature, subcritical CO,
showed almost similar trend of extraction by supercritical CO, at
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Fig. 2. (a)-(f) Near- and supercritical CO, extraction of red pepper oil at different pressures and temperatures. (a) 10 MPa (b) 15 MPa

(¢) 20 MPa (d) 25 MPa (¢) 30 MPa and (f) 35 MPa.

different pressures.

At constant pressures of 15, 20, 25, 30 and 35 MPa, the yield
increased with the increase in temperature. Due to increase in tem-
perature, the solvent density decreased. However, despite the decrease
in solvent density, the oil yield increased with temperature which
can be attributed to the increase of oil components vapour pres-

sure. The effect of increase of solute vapor pressure seems to have
dominated over solvent density. Azevedo et al. [28] reported similar
effect of supercritical CO, extraction of green coffee oil. In con-
trast, at a constant pressure of 10 MPa, the oil yield decreased with the
increase in temperature. In this extraction condition, the decrease of
solvent density seems to have dominated over solute vapour pressure.
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Table 1. Solubility of red pepper oil by near- and supercritical CO,
at different pressures and temperatures

Solubility (mg oil/g CO,)

Temperature  Pressure -
¢C) (MPa) Red Black Apricot
pepper  currant seed” seed”
30 10 0.24
15 0.38
20 0.64
25 0.79
30 0.80
35 0.81
40 10 0.21
15 0.48 1.3 1.1
20 0.77 3.0
25 0.92
30 0.94
35 0.96
50 10 0.18
15 0.62 0.59 0.9
20 0.91 24
25 1.03
30 1.06
35 1.07
60 10 0.2
15 0.67
20 1.04
25 1.15
30 1.17
35 1.18

“Sovova et al. [28]
*Ozkal et al. [29]

It was also found that the extraction curves reached a plateau within
the time ranges of 30-60 min in different extraction conditions. At
high pressure, the extraction of oil by near- and supercritical CO,
was faster compared to low pressure. It agrees with a generalized
finding that oil yield increases with the increase in solvent density.
2. Solubility Measurement of Red Pepper Oil

The oil solubility at each extraction condition of temperature and
pressure was obtained from the slope of the linear section of the
extraction curves shown in Fig. 2(a)-(f). Table 1 shows the oil solu-
bility of red pepper oil at different extraction conditions. The highest
solubility value was 1.18 mg/g of CO, at 35 MPa and 60 °C. Solu-
bility of oil depends on the density of CO, and vapour pressure of
oil components as described in near- and supercritical CO, extrac-
tion section. At similar pressure and temperature, Sovova et al. [29]
and Ozkal et al. [30] reported higher solubility of oil from black
currant and apricot seeds, respectively. The variation of solubility
might be due to variation of sample, extraction unit, sample size,
CO, flow rate and so more.

3. Fatty Acid Compositions

Red pepper oil was characterized by a reddish brown color and
a characteristics pungent odor. The fatty acid composition of the
oil obtained from red pepper by near- and supercritical CO, extrac-
tion is shown in Table 2. It is evident from the data that the fatty
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acid composition remarkably changed at different extraction con-
ditions. Red pepper oil contained higher amount of palmitic, oleic
and linoleic acid. Among the unsaturated fatty acid, linoleic acid
was predominant at all extraction conditions, and it was more than
40% of total fatty acid content of red pepper oil. The highest per-
centage of linoleic acid (63.30%) was found at 35 MPa and 40 °C.
In contrast, among the saturated fatty acids, palmitic acid was present
in the highest amounts. Red pepper oil also contained significant
amount of stearic and linolenic acid.

4. Capsaicin Yield

Capsaicin yield obtained by near- and supercritical CO, extrac-
tion at different pressures and temperatures is shown in Fig. 3. The
highest yield of capsaicin was 3.59 mg/g of red pepper powder at
35 MPa and 60 °C. It was found that the yield increased with the
increase in pressure up to 35 MPa at 50 and 60 °C. The increased
pressure caused higher density of fluid resulting in higher yield of
capsaicin. Gnayfeed et al. [31] also reported that capsaicin yield
increased with the increase in pressure. However, at 30 and 40 °C
the highest yield was achieved at 20 MPa. This dual behavior of
yield due to increasing pressure can be explained by a double effect
of increased density of supercritical CO, and decreased diffusion
coefficient. Since increased pressure also increased the density of
the supercritical fluid that is associated with an increase in its solvat-
ing power, in this way it enhanced the extraction process. On the
other hand, the decreased diffusivity caused a reduced interaction
between the supercritical fluid and matrix resulting in the decreased
yield by extraction process. At 30 and 40 °C, and 20 MPa, the de-
crease in diffusion coefficient was more dominant than solvating
power, resulting in high yield of capsaicin. Careri et al. [32] reported
similar effect for carotenoid extraction from algae.

The effect of temperature on capsaicin yield can be explained
by a complex balance of the decreased density of fluid and the in-
creased vapor pressure of solute. At 15 and 20 MPa, the highest
yield was obtained at 40 °C. In contrast, for the operating pressures
of 25, 30 and 35 MPa, the highest yield was found at 60 °C. Increas-
ing the temperature decreased the fluid density, but increased the
solute vapor pressure, which enhanced the yield of extraction pro-
cess. At 25, 30 and 35 MPa, the solute solubility was higher due to
the increased vapor pressure of capsaicin. At 15 and 20 MPa, this
effect prevails up to 40°C. Similar temperature effects on solute solu-
bility were reported by Careri et al. [32] and Lopez et al. [33]. At
10 MPa, the capsaicin yield decreased with the increase in temper-
ature. This result was directly related to the density of supercritical
fluid because at low pressure the density of fluid decreased with
the increase in temperature.

5. Solubility Correlation

To correlate the solubility of red pepper oil in the near- and su-
percritical CO,, the Chrastil [34] model was adopted. It proved to
be useful in correlating vegetable oils solubility [29,35]. This model
is based on the direct relationship between solubility and density of
a solvent. The correlations based on empirical density are very useful
to determine the solubility of solids and liquids in compressed fluids,
as they are both simple and do not require physicochemical proper-
ties of the solute. Despite its limitations, the usefulness of the equa-
tion has been proven in supercritical fluid extraction work and is
easy to use. The experimental values represented by points and the
calculated solubilities (lines) are shown in Fig. 4, where the iso-
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Table 2. Fatty acid compositions of red pepper oil obtained at different extraction conditions

Pressure Temperature Fatty acids
(MPa) O Palmitic Stearic Oleic Linoleic Linolenic
10 30 15.17 2.81 13.60 55.88 3.89
40 17.69 2.16 13.39 58.41 4.00
50 13.91 1.96 12.84 56.16 3.02
60 14.44 2.69 14.61 58.12 3.10
15 30 16.08 2.92 14.00 56.82 3.03
40 16.98 2.19 13.97 58.40 348
50 15.51 2.12 13.32 51.92 3.36
60 16.84 2.27 14.13 50.97 3.71
20 30 14.44 2.06 13.13 58.70 3.81
40 16.51 2.22 14.19 59.69 3.53
50 15.90 241 11.58 60.56 332
60 17.09 2.19 14.22 53.47 3.60
25 30 13.19 1.89 10.28 46.70 2.54
40 14.35 1.97 11.20 51.52 2.80
50 14.75 1.98 11.12 48.48 3.15
60 13.29 1.78 10.16 45.81 2.71
30 30 16.65 2.12 13.51 59.97 2.57
40 17.12 2.18 13.71 63.18 3.12
50 17.03 2.21 13.74 63.29 3.05
60 16.81 2.22 13.90 62.97 343
35 30 16.55 2.18 13.58 59.90 2.68
40 16.93 2.25 13.96 63.30 3.03
50 17.39 2.29 13.90 62.99 3.12
60 16.93 2.16 14.04 63.09 3.68
1e-3
® 30°C
e3] o 4
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Fig. 3. Capsaicin yield in red pepper oil by near- and supercritical
CO, extraction at different pressures and temperatures.

therms and the effects of temperature and solvent density are clearly
shown. The correlation of oil solubility with solvent density was
obtained from the Eq. (1).

y=p‘éozeXP(% +b) M

200 400 600 800 1000
Density of CO» (g/L)

Fig. 4. Experimental data of red pepper oil solubility as a function
of CO, density and calculated results from Chrastil model.

where y is the solubility of red pepper oil (mol/mol), o, is the den-
sity of CO,, T is experimental temperature (K) and a, b and k are
empirical fitting parameters. The solubility data of red pepper oil
were fitted well in the Chrastil model because at a given tempera-
ture, almost a linear relation between solubility of oil and solvent
density was obtained. Daood et al. [36] also reported that the solubil-
ity of pungent spice paprika oil in supercritical CO, was fitted in
the Chrastil model.

Korean J. Chem. Eng.(Vol. 28, No. 6)
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CONCLUSIONS

Red pepper oil was extracted in a high pressure apparatus using
near- and supercritical CO, at different pressures and temperatures.
The highest yield of oil was found at 35 MPa and 60 °C. The solubil-
ity of oil calculated from extraction curve was also higher at high
pressure and temperature. Red pepper oil contained highest amount
of linoleic acid in all extraction conditions, and it was significantly
higher than that of other fatty acids content. The highest capsaicin
yield obtained by supercritical CO, extraction was 3.59 mg/g of red
pepper at 35 MPa and 60 °C. The identification of species/cultivars
with high level of capsaicin, as well as tracing of biological activi-
ties, is important for human and other living organisms. Therefore,
the determination of capsaicin and fatty acids in supercritical CO,
extract might be helpful for their proper use in biological research.
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