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ABSTRACT

Supercritical fluid extraction (SFE) in a pilot plant was carried out to extract peril-
lyl alcohol (POH) from Korean orange peel. The extract from the powder of Korean
orange peel was obtained by supercritical CO2 at operating conditions of 50°C, 200
bar, and 6 CO2 kg/h/kg sample. Most of the POH was extracted within 14 hours in
the experiment. The yield of extract containing POH was 2.5% based on the dry pow-
der of the orange peel. The content of POH in the extracts was 2.8 3 1023 (wt%) by
GC analysis based on the dry powder, which indicated that SFE was approximately
30 times more efficient than the solvent-extraction method previously reported. A
brief comparison of SFE and solvent extraction was made. The SFE extracts were fur-
ther purified by open tubular chromatography to confirm POH in the extracts.
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INTRODUCTION

A number of natural products have proved to be extremely useful as drugs
for the treatment of a range of medical conditions (1). New naturally produced
compounds with interesting biological activities are regularly reported, and
these often provide the basis for pharmaceutical or agrochemical development
projects.

Perillyl alcohol (Fig. 1), NSC-641066, is a cyclic monoterpene. It is a hy-
droxylated derivative of d-limonene, and it occurs in numerous plants species
including mints, lavender, perilla, citrus, and cranberries. The monoterpene is
approved as a food additive by the Food and Drug Administration and the
Council of Europe (2). Perillyl alcohol is also used as a fragrance in perfumes,
soaps, detergents, lotions, and creams. Monoterpenes such as limonene and
perillyl alcohol have the potential to both prevent and treat a variety of can-
cers including breast cancer (3). For example, d-limonene, which comprises
over 90% of orange peel oil, has chemopreventive activity against rodent
mammary cancer during the initiation phase as well as the promotion/pro-
gression phase. d-Limonene and perillyl alcohol, a more potent analog of
limonene, have chemotherapeutic activity against rodent mammary and pan-
creatic tumors with low toxicity (4). As a result, their cancer chemotherapeu-
tic activities were evaluated in Phase I clinical trials (5, 6).

Perillyl alcohol (POH) is currently being developed as a clinical candidate
at the National Cancer Institute (NCI) because of its greater potency than
limonene, which may enable potentially effective systemic concentrations of
the active principals to be achieved at considerably lower doses. POH is 5 to
10 times more potent than limonene and has a similar therapeutic index. Con-
sequently, POH finished Phase I human trials sponsored by the NCI at several
centers and is currently undergoing Phase II clinical trials in advanced cancer
patients.

1070 LEE ET AL.

FIG. 1 Chemical structure of perillyl alcohol.
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Supercritical fluid extraction (SFE), which predominantly uses supercriti-
cal carbon dioxide as an extraction medium, has been used for a variety of in-
dustrial, environmental, food, and chemical applications (7). The application
of SFE to natural products, e.g., the extraction of carotenoids, lipids, flavor
and fragrance compounds, steroids and triterpenes, alkaloids, and mycotoxins,
has been reviewed (8).

Over 300,000 tons of Korean oranges are produced annually, but there are
no special applications of its peel. POH, which is a naturally occurring sub-
stance in Korean orange peel, had been isolated by solvent extraction and
chromatography (9, 10). In our work, POH in Korean orange peel was ex-
tracted by the SFE technique.

EXPERIMENTAL

Chemicals

Commercial grade carbon dioxide (99.95%) was used as a supercritical
fluid. The Korean orange peel was purchased at a domestic market in Korea.
The standard chemicals (R)-(1)-perillyl alcohol and d-limonene were pur-
chased from Aldrich Co. and Sigma Co., respectively.

Extraction by Supercritical Fluid CO2

The pilot plant used in this work mainly consisted of an internal volume of
10 L, a separator, and a CO2 recycle storage tank. Ground peel (2 kg) was put
into a cylindrical extraction vessel (16 cm I.D. 3 83 cm). CO2 from the cylin-
der was delivered by a pump (Milroyal pump, MCP13D10B1M) into the ex-
traction vessel. The pressure in the extractor was controlled by a pressure reg-
ulator. The extracts dissolved in the supercritical solvent were separated from
the CO2 by pressure reduction and collected in the separator. The separator
was equipped with a cooling jacket. The extract-free CO2 was cooled and re-
cycled to the CO2 recycle storage tank. The extraction pressure and the tem-
perature were 200 bar and 50°C, respectively and the mass flow rate of CO2

was set at 12 kg/h. The extraction was performed for 18 hours.

Analysis of Perillyl Alcohol and d-Limonene (GC)

The Korean orange peel extract was dissolved in acetone and analyzed by a
Hewlett-Packard (HP) Model 5890 gas chromatographer (GC) equipped with
an HP-5 (Crosslinked 5% PH ME Siloxane, 30 m 3 0.32 mm), capillary col-
umn, and a flame ionization detector (FID). The oven temperature was grad-
ually raised from 50 to 80°C by increases of 10°C/min, followed by increases
from 80 to 250°C by increases of 5°C/min. The injector and detector temper-
atures were 250 and 300°C, respectively. The flow rate of the carrier gas N2

EXTRACTION OF PERILLYL ALCOHOL 1071
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was 1 mL/min, and the split ratio was set at 1:50. A calibration graph for per-
illyl alcohol was constructed by plotting the peak area against the concentra-
tion. The relationship between peak area and concentration of perillyl alcohol
was linear. The identification of peaks in the chromatogram was confirmed by
the perillyl alcohol standard.

Open-Tubular Chromatography

To separate and identify perillyl alcohol in the extract, open-tubular chro-
matography (30 cm 3 2.5 I.D.) with octadecylsilica (40–63 mm, Merck, Ger-
many) was used. The mobile phase was chloroform. The extract, 2 mL, was
injected into the open-tube chromatograph, and the effluents were collected
from the column outlet. The effluent was monitored by thin-layer chromatog-
raphy (TLC) using glass plates covered with a 0.25-mm layer of C18 (RP-
18F254s, Merck). The plates were developed with chloroform and detected by
a 254-nm UV lamp.

RESULTS AND DISCUSSION

The diffusivity of supercritical fluid is one to two orders of magnitude
higher than those of other liquids, which permits rapid mass transfer and can
thus reduce the overall time required for the separation (11). These conditions
make SFE faster and require less sample than solvent extraction. As shown in
Fig. 2, as the amount of CO2 per quantity of raw material (CO2 kg/kg orange

1072 LEE ET AL.

FIG. 2 Yield of extracts versus CO2 per quantity of raw material (CO2 kg/kg orange peel).
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peel) increased, the yield was increased. The temperature and pressure of CO2

were 50°C and 200 bar, respectively. The percentage yield was expressed the
mass of extracts to the total dry powder of orange peel loaded in the extraction
vessel. The increase in POH yield is almost negligible after 14 hours.

As shown in Fig. 3, the extracts by SFE were diluted with acetone to ana-
lyze the sample by GC. The extracts were dissolved in 15 mL of acetone with
a concentration of 0.06 g/mL, and the injection volume of the sample was 3
mL. The retention times of d-limonene and POH were 8.9 and 15.6 minutes,
respectively. The high solvating power of the supercritical fluid caused the
complexity of the chromatogram. Quite a few oil and wax components were
followed by d-limonene and POH. The oil components were eluted in less
than 30 minutes while the wax components took more time.

In our previous work with the methanol extraction method (9, 10), 0.005 mg
of POH was extracted from 5 g of dried Korean orange peel, so the yield was
1024 (wt%). In this work with the supercritical CO2, 50 g of the SFE-extracts
was collected from 2 kg of the dried powder of Korean orange peel. The ex-
tract contained 58.33 mg of POH, so its total yield was determined to be 2.8
3 1023 (wt%). The yield of POH by supercritical fluid was about 30 times
higher than that of POH by methanol extraction. The yield was obtained by a
calibration graph. A linear calibration graph was produced for POH over the
10–1000 mg/mL concentration range, and it gave a correlation coefficient (r)

EXTRACTION OF PERILLYL ALCOHOL 1073

FIG. 3 Chromatogram of the extract by SFE (0.9 g of the extract in 15 mL of acetone, injec-
tion volume of 3 mL).
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of 0.9999 (n 5 4, n: number of different concentrations). The slope and y-in-
tercept for linear regression of the calibration graph for the POH were slope,
75.9525; y-intercept, 2805.988.

To identify the peak of POH in Fig. 3, we purified the extracts by open-
tubular chromatography in which reversed-phase C18 packings were used. The
sample passed down the column by gravitational flow. When a mobile phase
of pure water was used, the total elution time was very long. Perillyl alcohol
strongly adsorbed on the C18 packings, so it was not eluted out within 1 hour.
Similar trends were shown with a mobile phase of acetonitrile and acetone.
Chloroform was chosen to separate POH in the extracts by open-tubular chro-
matography, and the experimental result is shown in Fig. 4. During the sepa-
ration we monitored the effluent by TLC with UV detection at 254 nm.

However, many other unnecessary components were also extracted with
POH at 50°C and 200 bar. In general, solubility and selectivity are counter-
balanced, and therefore, the pressure and temperature appear to have a limited
effect on the overall separation process. In the supercritical fluid extraction of
oxygenated compounds such as aldehydes, alcohols, esters, and ketones in cit-
rus oil, a lower pressure gave a higher selectivity but a lower extraction yield,
whereas a higher pressure gave a higher yield but a lower selectivity (12–14).
The higher pressure, 200 bar, used in this work gave high yield but low selec-
tivity. We focused on the yield of POH in Korean orange peel, so the selec-
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FIG. 4 Chromatogram of the extract after open-tubular chromatography (OTC) by C18 with
chloroform.
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tivity was less important. The amount of POH in the peels is very small, so a
higher pressure was applied in order to extract more POH.

CO2 is nontoxic, nonflammable, and inexpensive compared to the large vol-
ume of organic solvent used in the solvent method which increases the cost of
the process and presents a disposal problem. Supercritical fluids, which are
highly efficient for extractions from complex matrices, are increasing in pop-
ularity as replacements for conventional solvents in extraction techniques. It
has been suggested that supercritical fluids can be used as alternatives to or-
ganic solvents for the extraction of natural products, improving the purifica-
tion process by achieving a selective extraction of the desired sample compo-
nents through careful control of the extraction conditions. The SFE
conditions, together with the supercritical properties of CO2, including its high
diffusivity and low viscosity which increase the diffusion of the fluid into the
matrix, facilitate extraction. The physical properties of carbons dioxide that
make it widely used in extraction processes are low surface tension and vis-
cosity, and high diffusivity. Thus, SFE can be a very attractive alternative pro-
cedure to classical extraction methods.

CONCLUSION

SFE with carbon dioxide has been shown to be effective for the isolation of
perillyl alcohol (POH) in Korean orange peel. The extract from the powder of
Korean orange peel (2 kg) was obtained by CO2 at the supercritical state, 50°C
and 200 bar. The mass flow rate of CO2 was 12 kg/h. For a run time of 18
hours, the weight of extracts from the extraction vessel was 50 g. The yield of
POH by SFE was 2.8 3 1023 (wt%). An enhancement of approximately 30
times was achieved over solvent extraction. The extracts were analyzed by the
GC-FID system. To isolate POH in a pure form, many interfering compounds
need to be removed. Open-tubular chromatography can be used as a pretreat-
ment step for separating POH, and preparative HPLC (high performance liq-
uid chromatography) can be utilized to resolve POH of high purity from the
extracts.

REFERENCES

1. L. J. Nisbet and N. Porter, in S. Baumberg, I. Hunter and M. Rhodes (Eds.), Symp. Soc.
Gen. Microbiol., 44, 309 (1989).

2. D. L. J. Opdyke, Food Cosmet. Toxicol., 19, 237 (1981).
3. M. N. Gould, J. Cell. Biochem., 22, 139 (1995).
4. M. J. Stark, Y. D. Burke, J. H. McKinzie, A. S. Ayoubi, and P. L. Crowell, Cancer Lett.,

96, 15 (1995).
5. H. H. Bailey, G. H. Ripple, M. N. Gould, R. Z. Arzoomanian, D. Alberti, C. Feierabend,

K. Simon, K. Morgan, K. Tutsch, M. Pomplun, A. Wahamaki, R. Marnocha, and G. Wild-
ing, Ann. Oncol., 9, 409 (1998).

EXTRACTION OF PERILLYL ALCOHOL 1075

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
0
0
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



ORDER                        REPRINTS

6. Ripple G. H., M. N. Gould, J. A. Stewart, K. D. Tutsch, R. Z. Arzoomanian, D. Alberti, C.
Feierabend, M. Pomplun, G. Wilding, and H. H. Bailey, Clin. Cancer Res., 4, 1159 (1998).

7. J. R. Dean (Ed.), Applications of Supercritical Fluids in Industrial Analysis, Blackie Aca-
demic and Professional, Glasgow, 1993.

8. W. K. Modey, D. A. Mulholland, and M. W. Raynor, Phytochem. Anal., 7, 1 (1996).
9. Y. A. Jung and K. H. Row, Korean J. Chem. Eng., 15, 538 (1998).

10. Y. A. Jung and K. H. Row, J. Chromatogr., 828, 445 (1998).
11. S. B. Hawthorne, Anal. Chem., 62, 633A (1990).
12. R. Ernesto, M. Achille, and P. Massimo, Ind. Eng. Chem. Res., 36, 4940 (1997).
13. S. Masaki, G. Motonobu, and H. Tsutomu, Ibid., 34, 3941 (1995).
14. F. Temelli, J. P. Connell, C. S. Chen, and R. J. Braddock, Ibid., 29, 618 (1990).

Received by editor May 4, 1999
Revision received September 1999

1076 LEE ET AL.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
0
0
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Order now!

 

Reprints of this article can also be ordered at

http://www.dekker.com/servlet/product/DOI/101081SS100100211

Request Permission or Order Reprints Instantly! 

Interested in copying and sharing this article? In most cases, U.S. Copyright 
Law requires that you get permission from the article’s rightsholder before 
using copyrighted content. 

All information and materials found in this article, including but not limited 
to text, trademarks, patents, logos, graphics and images (the "Materials"), are 
the copyrighted works and other forms of intellectual property of Marcel 
Dekker, Inc., or its licensors. All rights not expressly granted are reserved. 

Get permission to lawfully reproduce and distribute the Materials or order 
reprints quickly and painlessly. Simply click on the "Request 
Permission/Reprints Here" link below and follow the instructions. Visit the 
U.S. Copyright Office for information on Fair Use limitations of U.S. 
copyright law. Please refer to The Association of American Publishers’ 
(AAP) website for guidelines on Fair Use in the Classroom.

The Materials are for your personal use only and cannot be reformatted, 
reposted, resold or distributed by electronic means or otherwise without 
permission from Marcel Dekker, Inc. Marcel Dekker, Inc. grants you the 
limited right to display the Materials only on your personal computer or 
personal wireless device, and to copy and download single copies of such 
Materials provided that any copyright, trademark or other notice appearing 
on such Materials is also retained by, displayed, copied or downloaded as 
part of the Materials and is not removed or obscured, and provided you do 
not edit, modify, alter or enhance the Materials. Please refer to our Website 
User Agreement for more details. 

 

 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
0
0
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1

http://www.copyright.gov/fls/fl102.html
http://www.publishers.org/conference/copyguide.cfm
http://www.dekker.com/misc/useragreement.jsp
http://www.dekker.com/misc/useragreement.jsp
http://s100.copyright.com/AppDispatchServlet?authorPreorderIndicator=N&pdfSource=Dekker&publication=SS&title=Extraction+of+Perillyl+Alcohol+in+Korean+Orange+Peel+by+Supercritical+CO2&offerIDValue=18&volumeNum=35&startPage=1069&isn=0149-6395&chapterNum=&publicationDate=05%2F16%2F2000&endPage=1076&contentID=10.1081%2FSS-100100211&issueNum=7&colorPagesNum=0&pdfStampDate=07%2F28%2F2003+11%3A37%3A28&publisherName=dekker&orderBeanReset=true&author=YOUN+-WOO+LEE%2C+CHONG+HO+LEE%2C+JAE+-DUCK+KIM%2C+YOUN+YONG+LEE%2C+KYUNG+HO+ROW&mac=N13wSE79EKPfu2r7VTBMhA--

