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The extraction of cedarwood oil (CWO) using liquid carbon dioxide (LC-CO,) was investigated and
compared to supercritical fluid extraction, including the effects of extraction pressure and length of
extraction. The chemical composition of the extracts was monitored over the course of the extraction
as well. The cumulative yields of CWO from cedarwood chips using 80 L of carbon dioxide varied
very little treatment to treatment, with all temperature/pressure combinations yielding between 3.55
and 3.88% CWO, and the cumulative yields were statistically equivalent. The rate of extraction was
highest under the supercritical extraction conditions (i.e., 100 °C and 6000 psi). Under the liquid CO,
conditions (i.e., 25 °C), the extraction rates did not vary significantly with extraction pressure. However,
there were differences in the chemical composition of the collected CWO. Extractions at 100 °C
gave a much lower ratio of cedrol/cedrene than extractions at 25 °C. The highest ratio of cedrol/
cedrene was obtained using 25 °C and 1500 psi. The use of subcritical water was also investigated
for the extraction of CWO as well. Although some CWO was extracted using this method, the
temperature/pressure combinations that gave the highest weight percentage yields also gave oils
with an off odor while those combinations that gave a higher quality oil had very low yields. It appears
that the high temperatures and acidic conditions cause a dehydration of the tertiary alcohol, cedrol,
to its hydrocarbon analogue, cedrene, during CO, or pressurized water extractions of cedarwood.

KEYWORDS: Carbon dioxide; cedarwood oil; cedrene; cedrol; dehydration; Juniperus virginiana ;
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INTRODUCTION were quite high even at the lowest temperature and pressure
Eastern red cedaduniperusvirginiana L. (Cupressaceae),  tested (i.e., 40C and 2750 psi, respectively). It was therefore

is widely distributed throughout the United States, and the range NYPothesized that liquid carbon dioxide (i.e., below 31C)

of this species has actually been increasing (1). Because thighight effectively extract CWO as well. In this study, we

species often invades fields and rangelands, it is considered &0mpared liquid Coto supercritical C@for the extraction of

pest species in states such as Texas, Oklahoma, and NebraskgWO. Both extraction rates as well as chemical profiles were

(2—4). However, the wood from larger trees is used in the examined. The use of pressurized water was also investigated

manufacture of chests and cabinets, and the sawdust and othe®S another environmentally friendly method to extract CWO.

waste wood from lumber mills is a source of cedarwood oil

(CWO) (CAS no. 8000-27-9)5). Some junipers are felled EXPERIMENTAL PROCEDURES

especially for their CWO as well as to improve range conditions o N o ]

(6). Although CWO is generally obtained by steam distillation _ iauid and Supercritical Carbon Dioxide Extraction of CWO.

(2), there are many potential benefits of using supercritical S89rwoed chips were prepared from a kiln-dried cedar board pur-

S . . chased from a local lumber mill. A power wood planer was used to

carbon dioxide (SC-C&) 'nStead' Eller a“‘?' King?) found that produce the chips/sawdust, and these were immediately packaged in a

SC-CQ gave excellent yields of CWO, higher than previously - zjpper-lock plastic bag, then wrapped in aluminum foil, and stored at

reported for steam distillation. In addition, the CWO obtained —15°C until used for extraction experiments (7).

by SC-CQ extraction more closely resembled the odor of the  carhon dioxide extractions were conducted with an Spe-ed super-

original wood than did CWO obtained by steam distillation. critical fluid extractor (SFE) (Applied Separations, Allentown, PA).

Although only supercritical conditions (i.e., temperatures and About 10—12 g of cedarwood chips was weighed to the nearest 0.0001

pressures above 31.9C and 1071 psi, respectively) were g and then added to a 50 mL stainless steel extraction cell with glass

examined in this previous study, it was noted that CWO vyields fiber filter disks (18 mm dia) on the top and bottom of the cell. Four

temperature/pressure combinations were evaluated. The liquid CO
*To whom correpsondence should be addressed. Tel: 309-681-6232. €xtractions were conducted at 25 and pressures of 1500, 2750, and

Fax: 309-681-6686. E-mail: ELLERFJ@NCAUR.USDA.GOV. 6000 psi. The supercritical G@xtractions were conducted at 100
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and a pressure of 6000 psi for comparison. There was a 10 min staticTaple 1. Overall Extraction of CWO Using Pressurized Carbon
hold followed by a dynamic extraction at a rate of ca. 2.5 L expanded pjgxidea
CO; per minute. The variable restrictor was heated t6G0and extracts

were collected every 10 L of CQup to 80 L in 12 mL glass vials. temp  pressure yield cedrene cedrol/cedrene

SFE/supercritical fluid chromatography (SFC) grade, (& Products (°C) (psi) (%) (mg) cedrol ratio

and Chemicals, Inc., Allentown, PA) was used for all extractions. Three 1500 3552 4ida 191492 13.25b

replications of each temperature/pressure combination were performed. g 2750 379a  1740b 2250.1a 12.93b
Water was separated from the extracts as described by Eller and 25 6000 364a 165.4 ab 2180.1a 13.19b

King (7), and the weight of the dry CWO was determined and the 100 6000 388a  187.8b 2140.7 a 1140 a

percent CWO extracted calculated based on the original mass of the

wood chips 7). Solutions of CWO in hexane (ca. 300 sagj were aMeans without letters in common differ significantly (least significant dif-

analyzed by gas chromatography (GC) to determine the percentagéterence).
contribution of individual component3). The masses of cedrene and

cedrol were calculated from the total mass collected and the area 4
percentages from the GC.

38 et

Pressurized Water Extraction of CWO. For the pressurized water ™| | aee o
study, the chips used were from a similar but different board than used __ 3.6 == =
for the CQ extraction experiments described earlier. The chips were é 34 _ o ol Pl /
prepared using a wood-boring drill bit and packaged in a zipper-lock — , _/:/"
plastic bag, wrapped in aluminum foil, and stored-46 °C until used 2 32 - y‘/
for extraction experiments. ﬁ 3 L -

Subcritical water extractions of cedarwood shavings were performed . / - %g 8 gggg psi
with an ASE 200 accelerated solvent extractor (Dionex Corp., Sun- L; 28 /l/" —es 250 6000 g:
nyvale, CA) with pure (18 MR) water delivered by an ASE 200 solvent & 2.6 A e 100 C /6:000 psi [
controller. An 11 mL ASE extraction cell was used for all experiments. 8 24 ‘//

A cellulose fiber was pressed into the extraction cell before the cell ) //7

was filled with cedarwood shavings (ca. 1.0 g). The subcritical water 22 "/

extractions were performed with all possible combinations of 50, 100, 7 : : : : : : : :
150, and 200C at 500, 750, 1500, and 3000 psi. All extractions utilized

a 0 min preheat step, a 5 min heating period, three 5 min static 0 10 2 30 4 30 60 1 8

extractions cycles, a 50% flush volume (the flush volume is defined as
a percentage of the total cell volume), and a 1 min purge time. Two _. o . .
replications of each temperature/pressure combination were performed F19uré 1. Cumulative yield of CWO as a function of extraction pressure,
The aqueous extracts were extracted twice with 10 mL of diethyl {€mPperature, and liters of carbon dioxide.
ether. The extracts were centrifuged (5 min) to separate the aqueous o o )
and ether phases, and the ether layer was pipetted off, combined, and0 L of carbon dioxide, there were no significant differences
dried over sodium sulfate. This solution was then filtered through glass in total yields between any of the treatmerfis = 1.35,P =
wool and concentrated under nitrogen at room temperature to yield a 0.32). Interestingly, the yield at the relatively low pressure of
constant weight. The weight of the dry CWO was determined, and the 2750 psi at 25C was almost as high as the yield at 6000 psi
percent CWO extracted was calculated based on the original mass ofgnd 100°C.
the wood chips. The cumulative yields of CWO as a function of liters of £O
Because _the pressurized _water extracts contained late-eluting, 3re shown irFigure 1. Although the overall yields, after 80 L,
apparently h'?h n;okljecglgrbwialghts?:rcpplatr C%miot‘”dss' t_he?? eétra_‘ctsfor the various temperature/pressure combinations were quite
were not analyze u Instead. ee sclentiric series _. . . .
model 600 ct):romat)égraph (Di{)nex Corp.) equipped with a flame similar, the rate of ext_ractlon varled. somewhat betwegn the
ionization detector held at 35T was used. A Dionex SB-Phenyl-50 treatments. The extraction rate was highest for the cqmblnatlon
capillary column (10 m< 100xm i.d., 0.5um film thickness), held at ~ Of 6000 psi and 100C. Although the rate of extraction was
50 °C, was used with the following pressure gradient: 1100 psi held lowest for the combination of 1500 psi and 25, there was
for 5 min, then raised 14.7 psi/min to 1543 psi, and then raised 147 no clear relationship between extraction rate and pressure at 25
psi/min to 4474 psi. Injection of the samples was accomplished by a °C. Although there was no significant difference between
timed split automatic injector with a Valco valve (Valco, Inc., Houston, treatments in CWO yield after 80 L, at 30 L, the yield for 6000
TX) for 0.5 s with a 200 nL loop. SFE/SFC grade ©@as the carrier  psj and 100°C was significantly higher than the yield for 1500
fluid. Qhromato_grams were analyzed with a Data Jet integrator (Spectra- 304 6000 psi at 28C but not 2750 psi and 2%C. However, at
Physics Analytical, San Jose, CA). 30 L, there were no significant differences between any
Statistical Analyses.Analyses of variance (ANOVA) were con- — oqq req in combination with 28. Although our data indicate
ducted on data using Statistix 7 software (.Analytlcall So.f.tware,.Talla- hat relatively low temperature/pressure g@mbinations can
hassee, FL), and means were compared using least significant differenc . .
test at thed = 0.05 level. e used to effectively extract CWO, there is a tradeoff between
temperature/pressure and rate of extraction. However, because
the capital costs of performing carbon dioxide extractions are
proportional to the pressure and temperature of the extractions,
Liquid and Supercritical Carbon Dioxide Extraction of extractions utilizing low pressures and temperatures would be
CWO. All of the treatments gave extracts that were yellow to less costly to conduct.
amber in color, and all had a pleasant odor similar to that of  The results of the GC analyses indicated that essentially all
the original wood chips. The overall recoveries of CWO for of the fractions from all of the temperature/pressure combina-
the liquid and supercritical fluid CQextractions of the cedar  tions contained the major components previously reported for
chips are shown iTable 1. When a total of 80 L of Cowas CWO, namelyp- andS-cedrene, thujopsene, cuparene, cedrol,
used to extract ca. 10 g of chips, the percent yields varied only and widdrol 8). The most abundant component was cedrol. The
slightly between the various temperature/pressure combinationsratio of the tertiary alcohol, cedrol, to its hydrocarbon analogue,
In fact, the range was only from 3.55 to 3.88% recovery. After cedrene, was used for comparing the composition of the CWOs

Liters Carbon Dioxide

RESULTS AND DISCUSSION
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30 Table 2. Mean Yield and Composition of CWO Obtained by Water
- // Extraction
—— 25C/1,500 psi
s 5 —— 25C/2.750 psi temp pressure yield cedrene cedrol cedrolicedrene
2 ~+- 25C /6,000 psi o : " %) ) i

s 0= 100 C /6,000 psi () (psi) (%) (% b ratio
P 50 500 0.34 0.6 14.6 243
o 50 750 1.10 0.1 8.4 84.0
g 50 1500 0.55 0.6 74 123
Q 15 £ 50 3000 0.47 0.2 2.6 13.0
) .. 100 500 0.66 16 239 14.9
% / ‘ JUSRSE 100 750 0.91 34 23.8 7.0
Q 10 . e - 100 1500 0.56 2.3 30.7 133
e U 100 3000 0.54 3.2 27.0 8.4
150 500 1.10 194 3.6 0.2
5 ‘ : : ‘ : : : : 150 750 1.13 17.7 25 0.1
150 1500 1.05 27.2 5.2 0.2
0 10 20 30 40 50 60 70 80 150 3000 1.05 17.6 5.2 0.3
: s s 200 500 4.04 18.3 2.7 0.1
_ Liters Carbon Dioxide _ 200 750 37 82 41 05
Figure 2. Ratio of cedrol to cedrene as a function of extraction pressure, 200 1500 3.34 14.9 4.0 03
temperature, and liters of carbon dioxide. 200 3000 3.85 43 5.2 1.2

obtained from the various treatments. The ratios of cedrol/

cedrene for the various temperature/pressure combinations as éemperature increases; however, the pH varied only from 2.80
function of liters of CQ are shown inFigure 2. All of the to 2.95 over the range of pressures (162939 psi) and
treatments had similar ratios at the first fraction collected at 10 temperatures (25—7€C) tested. It is likely that the C{n our
L,i.e., ca. 12:1. However, as the extraction proceeded, the ratioextractions caused acidic conditions leading to the conversion
of cedrol/cedrene began to vary with the various temperature/ of cedrol to cedrene, especially at the higher temperatures.
pressure combinations. At the lowest pressure (i.e., 1500 psi)Although there are some differences in the chemical composition
and 25°C, the ratio of cedrol/cedrene rose steeply and was ca. of the CWO between the collected fractions, they are relatively
30:1 after 80 L. Conversely, at the supercritical conditions of minor and would have little effect on the overall composition
100 °C and 6000 psi, the ratio of cedrol/cedrene rose only of the total CWO collected nor are the differences sufficient to
slightly and then decreased to ca. 8:1 before increasing back tobe used to efficiently enrich fractions in individual components
ca. 12:1. The pressures of 2750 and 6000 in combination with of CWO. However, the effects of pH should not be ignored
25 °C rose slightly from ca. 12:1 up to ca. 17:1. The total and should be considered if one component such as cedrol or
amounts of cedrene and cedrol collected over the 80 L were cedrene is more desirous.

calculated from the masses collected from each fraction and Pressurized Water Extraction of CWO. The recovery of

the relative percentages of these compounds. The total masse€WO from the cedar chips using pressurized water is shown
of cedrene and cedrol for the four temperature/pressure com-in Table 2. Although there was a clear trend of CWO yields
binations are shown ifTable 1. Although there was no increasing with higher temperatures, there was very little
significant difference between treatments in the amount of cedrol apparent effect of pressure on yield. The ANOVA of the yield
collected (B4 = 3.9, P = 0.11), there were some significant data indicated that there were significant main effects of pressure
differences in the amounts of cedrene collectég,(= 8.9, P (Fs21 = 3.9,P = 0.02) and temperaturd-{,; = 405.2,P <

= 0.03). The highest amount of cedrene was from the combina- 0.0001) but no significant pressure by temperature interaction
tion of 100 °C and 6000 psi. In addition, there were also (Fg21= 2.2,P = 0.07). The overall yields (i.e., summed over
significant differences in the ratios of cedrol/cedrene as well temperature) for 500, 750, 1500, and 3000 psi were as follows:
(F34=45.9,P = 0.001). The ratio of cedrol/cedrene was lowest 1.53, 1.72, 1.37, and 1.48%, respectively. The overall yield at
for the combination of 100C and 6000 psi, and the ratio of 750 psi was significantly higher than the yields obtained using
cedrol/cedrene for this combination was significantly lower than 1500 or 3000 psi; all other pairs were statistically equivalent.
any of the pressures tested in combination wittt@5Although The overall yields (i.e., summed over pressure) for 50, 100,
it is not certain whether this temperature difference is due to 150, and 200C were as follows: 0.62, 0.67, 1.08, and 3.74%,
different rates of extraction for cedrene at the two temperaturesrespectively. The overall yields obtained at 50 and AD0vere
tested, or possibly to chemical reaction occurring during the statistically equivalent; however, all other pairs were signifi-
extraction, it is likely that at 100C, there is some dehydration cantly different. At a temperature of 5C, the yields of CWO

of the tertiary alcohol, cedrol, to the hydrocarbon, cedrene. were fairly low and ranged from about 0.4 to just over 1%. At
Koedam and Loomarfj discuss how the acidity of the water 200°C, the yields were fairly high, at approximately 4%. These
during steam distillation caused changes in CWO composition. same chips were extracted using supercriticap @Ca temper-
Adams (10) discusses the effect of pH on the decomposition of ature of 100°C and a pressure of 4000 psi (80 L expanded
CWO during steam distillations and reported that the pH CO;) for comparison of yields between these two methods.
changed from 7.12 at the start of the hydrodistillation of Using these conditions, the G@ave a yield of 2.9%. This is
cedarwood to 6.17 after 2 h. Pickett et dl1) also reported greater than the recoveries of CWO using water at temperatures
that the acidic conditions present during steam distillation are of 150 °C or less but less than the yield using water at
responsible for the degradation of the tertiary alcohol, linalool. temperatures of 200C. It is likely that the 200°C water

In addition to the acidity due to the wood, the presence of the extracted materials other than just CWO, which would account
carbon dioxide during the supercritical extractions may produce for the higher than expected yield for this treatment. The SFC
carbonic acid leading to a decreased pH as well. Toews et al.analyses indicated that there were unidentified compounds,
(12) reported that the pH of water in equilibrium with @O  which eluted late from the column and were presumably more
decreases as the pressure increases and increases as tpelar or higher molecular weight compounds.
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