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Separation of Perillyl Alcohol from the Peel of Citrus Unshiu 
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Abstract-To separate perillyl alcohol (POH), a potential anti-cancer agent, the peel of citrus unshiu was extracted 
by supe:-cfitical CO2 exb-action (SCE) systen: at 50 ~ 200 bar and 6kg COjt~/kg sample. The extracts were par- 
titioned by acetouibfle/hexane (90/10, vol%). POH was duted in the acetouitfile phase. An ope~:-tubula:- chromatog- 
raphy with silica gel (40-63 gm) was used to purify POH from the acetonitrile phase. Mobile phase was hexane/ethyl 
acetate (90/10, col%). To obtain POH in a pure form, finally preparative high-performance liquid chromatography was 
aloplied. The colleclion of POH from cib-us unshiu peel was achieved on a labo:-atory-prepared ctu-olnatogl-aphic colui:ul 
(300• rnm) packed with 15 btra C~8 preparative packings. The composition of raobile phase was wate:-/acetonitfile 
(50/50, vol%). The flow rate of the mobile phase was 1 ml/min and UV wavelength was fixed at 205 nm. It was found 
that the total yield of POH was 1.6• 3 (wt%) as the dry powder of citrus unshiu peel. 
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I N T R O D U C T I O N  

Perillyl alcohol (POH; NSC-641066) is a cyclic monoterpene, 
which is a hydroxylated derivative of d-lilnonene, occumng in nu- 
raerous species of plants, includkg rait~% lavendal, perilla, citrus, 
and cranberries. Monoterpenes such as limonene and POH have 
the potenfal to both prevent and treat a variety of cancers includ- 
ing breast cancer [Gould, 1995; Kelloff, 1996]. POH is also used 
as a fi-agrance in perfulnes, soaps, deterge:~, lotions, and creams. 

Citrus peel oils, which are usually produced by cold pressing of 
the citrus fiaxits, consist of hundreds of compounds. These com- 
pounds can be grouped into the hydrocarbon tcagenes and oxygen- 
ated te:penes. The fom:e:- should be removed to stabilize the pro- 
duct, because they are unstable to heat, light and oxygen, rapidly 
decompose, and produce undesil-able compounds [Brandani et al., 
1990; Temelli, 1988]. Some of the terpenes are removed from cold- 
pressed oils to concentrate the flavor compounds into a more sol- 
uble and stable product Vacuum distillation, stean: distillation, sol- 
vents extraction, and desorption are the processes for concenWating 
cold-pressed oils. The disadvantages of all these process are low 
yield and formation of degradation product. 

Supercritical fluid extraction (SFE), which uses predominantly 
superclifical carbon dioxide as an extraction medium, appears to 
be an alternative process, because it offers the advantages of low 
operating te:npe:-ature and no solvent residue [Emesto, 1997; Ma- 
saki, 1995]. The cliffusivity of supercaitical fluid is one to two or- 
ders of magnitude higher than those of other liquids, which permits 
:-apid mass h-ansfer and it can thus reduce the overall time required 
for the sepavatiot: It has bee:: suggested that superclitical fluids can 
be used as a powerful alternative to organic solve~:ts for the extrac- 
tion of natural products, improving the purification process by achiev- 
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ing a selective extraction of the desired sample components throtgh 
careful control of the extraction conditions. Thus, SFE can be seen 
as a very atlractive alternative procedure to classical extraction meth- 
ods. 

The POH, which is a naturally occurring substance in citrus un- 
shin peel, had been isolated by solvent exWaction and chromatog- 
raphy [Jung and Row, 1998a, b]. POH in citrus unshiu peel was ex- 
tracted by means of the supe:~itical fluid extt-acfion tectmique [Lee 
et al., 1999, 2000a, b, 2001]. The effects of the ope:-ating condition 
of superclitical fluid e'~tractic~: on the yield of POH were pre- 
sented [Lee et al., 2000a]. The experimental variables used to vary 
the extraction cc~:ditions were te:npe:-ature and pressure of the sup- 
erclitical fluid as well as the flow :-ate of CO2. Much effort has bee:: 
made to commercialize the components in natural plants especially 
by pharmaceutical companies. The raost cornmo:fly used teehnique 
for biological samples is reversed-phase high performance liquid 
ct~-oraatography (RP-HPLC), which is nom:aUy done by n-octa- 
decyl modified packings [Row and Larin, 1995a]. As the C:8 are 
chemically bonded to the surface of tiny particles, these packings 
provide stability and reprcducibility as well as selectivity [Row and 
Larin, 1995b]. 

Over 600,000 tons of the citrus unshin have been produced an- 
nually, but there is no special application of its peel. The peel of the 
citrus unshiu, wasted by homes and the food industry after its use, 
was ~'~tt-acted by SFE and separated by liquid chromatograph): th-e- 
treatment steps and prepal-ative high-perfom:ance liquid ctn-olna- 
tography (prep HPLC) were used to obtain POH in a pure form. 
The present work was focused on developing the sepa-ation proce- 
dure of POH fi-ora citrus unstfiu peel. 

EXPERIMENTAL 

1. Chemicals 
Commercial grade carbon dioxide (99.95%) was used as a sup- 
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Fig. 1. Schematic diagram of SFE system used in this study. 
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erc19ical fluid. Tile citrus unshiu peel was purchased at a domestic 
market in Korea. The standard chemicals of (R)-(+)-pefillyl alco- 
hol was purchased front Aldxich Co. Tile ex/a-a-pta-e grade solvents 
of hexane, inethanol, and acetc~zibJle were pm~hased fi~in Dae Jutg 
Chemicals & Metals Co., Ltd. (Korea). 
2. Extraction by Supercritical Fluid CO~ 

Tile pilot plant used in ff~ work mainly consisted of an extraction 
vessel (258ramODx870ralmH, 10L), a set~-ator (2581rmlOD• 
545 nmLH), 4 set heat exchanger and a C Q  recycle storage tank 
(258 mmOD• as shown in Fig. 1. The dry powder of 
peel (0.3-1 irml, particle size) was put into a cylindrical ex/a-action 
vessel. CQ froln file cylinder was delivered by a pump (Mibyal  
pump, MCP13D10B1M) into the exlraction vessel. The pressure 
in tile ex/a-actor was coim-olled by a backpressure regulator. Tile ex- 
tracts dissolved in the supercritical solvent were separated from the 
C02 by pressure reduction and collected in file separator. Tile sep- 
at-ator was equipped with a cooling jacket at room temperature. Tile 
exlraction pressure and the temperature were 200 bar and 50 ~ 
respectively, andthe mass flow rate of C Q  was set at 6kg CO~]r/ 
kg sample. Tile extraction was performed for 14 t~-. 
3. Analysis of Perillyl Alcohol by Gas Chromatography (GC) 

Tile exb-act of citrus unstfiu peel was dissolved in acetone and 
analyzed by a Hewlett-Packard (HP) Model 5890 gas chromatog- 
raphy (GC) equipt:ed with an HP-5 (crosslitled 5% PH ME Silox- 
ane, 30ra • irml) capillmy colunm and a flanle ic~ization detec- 
toe The oven temperate  was gradually raised from 50 ~ to 80 ~ 
at a rate of 10 ~ followed from 80 ~ to 250 ~ by increases 
of 5 ~ The injector and detector temperatures were 250 ~ 
and 300 ~ respectively. The flow rate of the carrier gas N2 was 
1 mFrain and file split l-atio was at 1 : 50. A calibration graph for 
P�9 was constructed by plotting the peak area against concenWa- 

t_ic~i. The relationship between peak area and concei~-alion of POH 
was linear in the range of 1 0-1,000 g/ml [Lee et al., 2001]. The iden- 
tificatic~i of peaks in chrolnatogI-mn was coILF~med by tile stan- 
dard POH. 
4. Open-tubular Chromatography (OTC) 

Tile extract after partition was injected into tile open-tubular ct~-o- 
inatograph and the effluents were collected frc~n the colunm outlet. 
Tile effluent was inonitored by ttmi layer ct~olnatograph (TLC) 
detected by a 254 iml UV lamp. Nonnal ptase and reversed ptase 
of open-tubular chromatography (30 cm• I.D.) were used. In 
normal phase, OTC was filled with silica 60 (40-63 Nn, Merck) 
and inobile phase was hex~ne/ethyl acetate (90/10, vol%). TLC was 
performed by using pre-coated plates with silica gel and eluted by 
hexane/ethyl acetate (75/25, vol%). In reversed phase, OTC was 
filled with cctade@silica (40-63 gm, YMC) and mobile phase was 
inethanol/water (40/60, vol%). TLC was perfonned by using glass 
plates covered with a 0.25 nml layer ofC18 (RP-18Fz54,, Merck) and 
eluted by chloroform. 
5. Preparative HPLC 

tIPLC systera was as follows: Waters Model 616 liquid ct~-o- 
inatograph (W~at~-s Associates, Milford, MA, U.S.A.) equipped with 
the Waters 600 s Multisolvent Delivery Systera, a UV-visible dual 

absorbance detector (Waters 2487), a Rheodyne injector (2 ml 
sample loop). Tile data acquisition systeln was Millennium 32 (M 
3.05, W:ateis, U.S.A) installed in a PC. Tile mobile phases of watel; 
methanol, and acetonitrile were tested. The preparative column 
(ODS, 15 gm, 3.9• mm) was in-house packed by vact~Kn pump. 
Flow rate of mobile phase was 1.0 ml/min and UV wavelength was 
205 nm. 

RESULTS AND DISCUSSION 

Kol~ean J. Chem. Eng~(VoL 18, No. 3) 
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Fig. 2. Supercritical fluid extraction of POH from the extract. 

The step to purify POH fi-om cib-us unshiu peel was tile extrac- 
lion by superclitical fluid CO2, followed by partition, the purifica- 
tion by an open tubular coltmm, and finally the preparative chro- 
inatoglaphic separation. 
1. Extraction by Supercritical Fluid CO~ 

A systenl of supercfitical fluid extraction (SFE) used in this work 
is shown in Fig. 1. The extraction yield was 2.5 (wt%) and the con- 
centration of POH was 2.8• .3 (wt%) as dry basis, which indi- 
cated that SFE was approximately 30 ~nes more efficient ttlan the 
solvent-extraction method [Lee et al., 1999, 2000a]. The percent- 
age yield was expressed as the mass of effluents to the total dry pow- 
der of citrus unskiu peel loaded in the extraction vessel. The yield 
was obtained by a linear calibration graph for POH over the con- 
cenb-atic~l iange 10-1,000 gg/ml [Lee et al., 2001a]. The extract 
obtained by SFE was diluted with acetone to be analyzed by GC 
as sho~m in Fig. 2. 10g of the extracts was dissolved in 15ml of 
acetone and the injectic~l volume of the sample was 1 pl. The re- 
tendon dine of POH was 15.6 min and the peak of POH was iden- 
tiffed [Lee et al., 2000a]. High solvaNg power of superclitical fluid 
caused tile complexity of tile chrc~natoglam. Quite a few of oil and 
wax components were followed by POH. Before 30 min, oil com- 
ponents were eluted wkile wax components late1: 
2. Partition 

Many unnecessary components existed in the extract from SFE. 
To remove impurities, the l:artition step was utilized as a pre-step 
to open tubular chromatography. The extract was added in the sol- 
vent of acetoitittiIe/hexane (80/20, vol%) to purify POH. 10 g of 
the sample was partitioned with 120nil of the acetoititfile phase 
and 30 ml of the hexane phase. The each phase was separated and 
evaporated. The samples in tile acetc~titdle mid tile hexane phases 
were analyzed by GC, and its results are shown in Fig. 3 mid Fig. 
4, respectively. 1 g of sample was diluted with 1.5 nfl of acetone. 
The injecdc~l volume of tile acetoitittiIe and he, cane phases was I IlL 
The retention time of POH was 15.6 min. The selectivity of POH 
could be adjusted by the composition of acetomNiIe/hexane. The 
composition of the solvents was chosen to relieve the interfering 
compounds in SFE without loss of POH. In the acetonitrile phase, 
lager amouut of POH was present. However, in hexane pha,se, neg- 
ligible amount of POH was detected, which allowed POH to be iso- 
lated from the impurities present in a citrus unshiu peel. 
3. Open Tubular Chromatography (OTC) 

As a pretrea~nent step to the chromatographic column, the aceto- 
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Fig. 3. Solvent extraction of POH in acetonitrile-phase. 
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Fig. 4. Solvent extraction of POH in hexane-phase. 

ifitrile phase was further pulified by open tubular d~omatography. 
Both reversed-phase C18 and silica gel were filled to the chromato- 
graphic colunm to find out the adsc~ption d~-acter of POH and ct~-o- 
inatographic intert'erents. The sample l~ssed down tt~ough the col- 
unto by gravitational flow. During the sepat-ation, the effluents were 
checked by TLC and inc~litored with UV detection at 254 rml. The 
effluents were analyzed by GC; the chromatograms for normal-phase 
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Fig. 5. Separalion of POH from the effluent by open tubular chro- 
matography with silica gel. 
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Fig. 6. Separation of POH from file effluent by open lubular chro- 
matography with C~. 

and reversed-phase packings are shown in Figs. 5 and 6, respec- 
tively. Although OTC with reversed-phase was more selective for 
POH, the total eluticr time was long and the yield was low. Con- 
sidering the et~ciency and economics, OTC with normal-phase pack- 
ings was selected as a pretreatment step for sepm-ating POH with 
preparative HPLC. 
4. Preparative HPLC 

The peel of citrus unshiu was extracted by SFE, and the ~xtmct 
was partitioned by acetomtfile/hexane, and purified by OTC. To 
purify POH treated in the three steps mentioned above, finally the 
preparative ItPLC was used. The mobile phase was water/acetoni- 
trile (50/50, vol%) and the injection volume was 0.2 ml. POH, sep- 
arated by preparative ItPLC, was collected at the end of ct~omato- 
graphic coham~ several ~nes. The effluent was concentrated by 
evaporatiort 0.1 g of the concentrated sample was diluted with 6 ml 
of methanol and rejected 5 gl to chromatographic coham~ to con- 
firm the purity of POH. As shown m Fig. 7, unnecessary compo- 
nents in the citrus unshiu peel were removec[ The retention time of  
POH was 16.03 mizx thepamtive HPLC was successfifily utilized 
to obtain POH. 

CONCLUSIONS 

Naturally, a very small amount of POH was contained in the citrus 
unshin peel. To extract POH efficiently with a better yield, unnec- 
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Fig. 7. Chl~matoglam of purified POH by preparative HPIA:. 
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essary components should be removed by subsequent set~'ation 
steps. For the separation of POH from citrus unshin peel, the fol- 
lowing ccr was proposed in ffzis work: the exti-action of 
POH by SFE, the partition step, the ptrification by open tubular 
chromatography, and prel:arative LC. The qualitative and qua~ta- 
tive analyses of effluents have been used successfifily by GC-FID 
system. The ex~act from the powder of citrus unshiu peel was ob- 
tained by sups-critical CO2 at the operating conditions of 50 ~ 200 
bar, and 6 CQ kg/t~/kg sample. To relnove the unnecessary conl- 
ponents fi~m the extracts by SFE, the partition of acetonitdle/hexane 
(80/20, vol%) was utilized POH was obtained by the acetonitfile 
phase, which was further purified by open tubular chromatogra- 
ph:r From an econonflcal aspect, normal phase OTC, which is filled 
with silica gel, was prefened and the mobile phase was he, cane/ 
ethyl acetate (90/10, vol%). Finally to obtain POH with high purity, 
prepa-ative LC was utilized. The rejection volume was 0.2 ml and 
the mobile phase was wat~/acetonitfile (50/50, vol%) at a fixed 
flow rate of 1 ml/min. The extraction yieldwas 2.5 (wt%) and the 
conceIm'ation of POH was 2.8• .3 (wt~ as dry basis. The total 
yield of POH was 1.6• 3 (%, wt) as the dry powder of cihn]s un- 
shiu peel. These prece&a-es might be extended to the separation of 
POH from cilrus unshiu peel on a production scale. 
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