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Ground fruits of the common juniper (Juniperus communis L.), with a particle size range from 0.250—
0.400 mm, forming a bed of around 20.00 + 0.05 g, were extracted with supercritical CO, at pressures
of 80, 90, and 100 bars and at a temperature of 40 °C. The total amount of extractable substances
or global yield (mass of extract/mass of raw material) for the supercritical fluid extraction process
varied from 0.65 to 4.00% (wt). At each investigated pressure, supercritical CO, extract fractions
collected in successive time intervals over the course of the extraction were analyzed by capillary
gas chromatography, using flame ionization (GC—FID) and mass spectrometric detection (GC—MS).
More than 200 constituents were detected in the extracts, and the contents of 50 compounds were
reported in the work. Dependence of the percentage yields of monoterpene, sesquiterpene,
oxygenated monoterpene, and oxygenated sesquiterpene hydrocarbon groups on the extraction time
was investigated, and conditions that favored the yielding of each terpene groups were emphasized.
At all pressures, monoterpene hydrocarbons were almost completely extracted from the berries in
the first 0.6 h. It was possible to extract oxygenated monoterpenes at 100 bar in 0.5 h and at 90 bar
in 1.2 h. Contrary to that, during an extraction period of 4 h at 80 bar, it was possible to extract only
75% of the maximum yielded value of oxygenated monoterpene at 100 bar. Intensive extraction of
sesquiterpenes could be by no means avoided at any pressure, but at the beginning of the process
(the first 0.5 h) at 80 bar, they were extracted about 8 and 3 times slower than at 100 and 90 bar,
respectively. Oxygenated sesquiterpenes were yielded at fast, constant extraction rates at 100 and
90 bar in 1.2 and 3 h, respectively. This initial fast extraction period was consequently followed by
much slower extraction of oxygenated sesquiterpenes.

KEYWORDS: Supercritical fluid extraction; Juniperus communis ; the common juniper; terpenes;
oxygenated terpenes; juniper berry oil; carbon dioxide

INTRODUCTION fermented berries (1). The composition of commercially avail-

Juniperus communis. (Cupressaceae) is a native evergreen able juniper berry volatile oils varies considerably, consisting
shrub/tree of regions in the Northern hemisphere with a Mainly of monoterpenes (585%) (1) with a-pinene as its main
substantial list of traditional uses owing to its medicinal constituent (16-76%) and a wide range of other monoterpenes,
properties and highly specific flavor, primarily associated with mainly sabinene (1—28%}-pinene f-myrcen, limonene, and
its volatile oil components. All of the organs of this plant contain terpinen-4-ol; small amounts of sesquiterpenes (2—10.2%);
essential oils, but it is obtained mainly from the berries, mature aldehydes; alcohols; and other oxygenated compounds. The
female conesJuniperi Fructu$, needles and their branches analysis of the essential oils froth communid. fruits has
(juniper foliagg. The berries contain 0-23.42% of volatile olil, been a subject of many investigatiorZs—(14).
depending on the geographic location, altitude, degree of |n flavor work, oxygenated compounds are considered as the
ripeness, and other factors, which is traditionally yielded by main contributors to aroma and flavor, contrary to the terpene
steam distillation of the crushed, dried, partially dried, or fraction, which acts as a flavor carrier. Additionally, the terpenes

have two organoleptic disadvantages: they usually irritate the
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the oxygenated flavor fraction. Hence, terpenes are removed 4 va 3 ys o8 4 9

from the essential oils to obtain terpeneless and sesquiterpeneless A \ @ & V3 ys

oils or “folded” oils, which have a richer concentration of flavor vi ten

and oxygenated compounds compared to the parentBjl ( 2 5 %” E N
The greatest quantity of juniper berry essential oils (a ,6 1

sesquiterpeneless oil) is used in the food industry as a flavor /

component and a spice in most major food categofigsso,
juniper berry oil is used in the cosmetic and perfume industry

as a fragrance component (15). Figure 1. Experimental apparatus: (1) gas tank, (2) ISCO syringe pump,
The plant’s fruits and its essential oils are well-knowi6 { (3) check valve, (4) microfilter, (5) preheat coil, (6) high-pressure autoclave,

20) for their physiological effects, first of all diuretic (because (7) water bath, (8) temperature regulator, (9) manometer, (10) sampling

of terpinen-4-ol) and various gastrointestinal effects. As a result, trap, (11) wet flow meter, (V1-V3, V5, and V6) on—off valves, and (V4)

juniper berries, their essential oils, infusions, decoctions, and micrometering valve.

different alcoholic extracts of the berries have been listed in

some national official pharmacopoei&d (-23). The proportion EXPERIMENTAL PROCEDURES

of terpinen-4-ol too- and3-pinene can vary from 1:4 to 1:55 ) . . . . .
in the oil. Primarily because of this monoterpene fraction, the Materials. The juniper berries (fruits) were supplied by Etol (Celje,

. - . . . ovenia). The moisture content of the raw material, measured by a
oil_has irritant properties .a.md an antispasmolytic effect on Mettler Toledo DL31 Karl-Fisher titrator, was 0.1502 kg of®ikg of
smooth muscles (19). Additionally, a number of effects of the \yet material. After the common juniper fruits were dried at 303 K in
berries and their essential oils such as hypoglycer@#),(  an airflow drier to reduce the water content to around 8 wt %, they
abortifacient (because of isocupressic acid) (25), antinflamma- were triturated closely before SCFE with a domestic blender and the
tory, and their antiblood platelet stickiness effga) continue material was passed through a set of sieves with mesh diameters of
to be tested on animals and have yet to be acknowledged by0-100, 0.150, 0.200, 0.250, 0.400, 0.630, and 1.000 mm and mechani-
human medicine. Some antibacterial and antifungal activity of cally vibrated by an agitator (Laborette, Fritschs, Germany).
the oil was reported by certain author&8( 19, 27, 28). n-Hexane, (p.a. grade) purchased from Merck (Darmstadt, Germany)

Antimicrobial activity was confirmed for a certain type of Was used as the solvent for SCF extracts during GC analyses, and
juniper berry oil, probably as a result of either the specific acetone (technical grade) was used as a cleaning solvent for the SCFE

" . L - . o apparatus. Authentic volatile samples were obtained through Etol (Celje,
composition of the oil or the activity of a single unidentified Slovenia): a-pinene (>98%) (Crystal J.S.C., Bulgarig}pinene,
compound (28). y-terpinene p-cymene3-myrcene, terpinolene, terpineol (contents of

Juniper berry volatile oil with significantly lower levels of terpene alcohols; 98%, includinga- andy-terpineol,>70%) (Crystal
monoterpenes and thus higher levels of active flavor componentsd-S-C., Bulgaria). £)-Limonene (minimum 97%) was obtained from
compared to traditionally obtained oil can be yielded in fluid- Sigma (Taufkirchen, Germany). The gQpurity of 99.97%) was

phase extractions with sub2d, 30) and supercritical carbon ~ SuPPlied by Messer-Griesheim (Rushe, Slovenia). ,
dioxide (14,31) Procedure and Conditions.In all experimental runs, the fixed bed

. . . . was formed with around 20 g (with deviation £00.05 g) of ground

In the supercritical fluid extraction (SCFE) process, it is & jyniper berries, weighed with a precision-80.0001 g. The extraction
well-known fact that, by varying the extraction pressure and temperature was kept constant at ®.5) °C. Figure 1 provides a
consequently the density of the supercritical fluid (SCF), it is schematic diagram of the semicontinuous, SCFE laboratory apparatus
possible to change the extract composition. At lower pressuresused to perform experimental runs. The apparatus was located in the
near the critical point, only volatile components, such essential Laboratory for Separation Processes of the Faculty of Chemistry and
oils, are extracted, while total extracts including fats, waxes, Chemical Engineering, University of Maribor, Slovenia. The equipment
resins, and dyes are extracted at higher pressures where the quiErj‘%']‘;‘:‘( ir?\‘:;:; fgnigirggﬁfém(;q ;t?:eritlggnzir;?dug gf g;SMUE;y?:; the
has.a I|qg|dllke denglty. The effects of pressure, temp(_erature,Cylinder (1), a high-pressure pump (2) (ISCO syringe pump, model
particle size, and fluid flow rate on supercritical g:éktractlon 260D, maximal pressure 35 MPa, Lincoln, NE), preheating coils (5),
of J. communisL. have already been the subjects of many 360 mL internal volume extraction vessel (6), a product collector (10),
investigations. Some of them present the common juniper fruit and a flow meter (11) (Elster Handel GmbH, Mainz, Germany) at the
supercritical CQ extracts’ composition for a determined time end of the assembly. The preheater and extractor were immersed in a
(14, 31). The compositions afuniperi Fructussupercritical CQ constant temperature water bath (7) [thermostat (8) Lauda DR. R.
extracts obtained after an extraction tinfelch at 40°C and at ~ Wobser GmbH and Co. KG, Lauda-Kénigshofen, Germany). A
pressures of 90 and 125 b&1) and the extract obtained after Manometer (9) (Digibar PE200 Hottinger Baldwin, Darmstadt, Ger-
an extraction time of 2.5 h at the same temperature and amany) enabled the monitoring of the extraction pressure wittOrb

. . bar precision. The elements of the assembly were connected/ith
pressure of 250 barl4) have been reported in the literature. tubings (Dockwieler, Germany). The tubing was attached to the pump

This study provides information on the variation in the \jth valco fittings (Valco, Inc., Houston, TX). All oroff valves (Vi—
composition and yield of extract with time during SCFEJof V3, V5, and V6), a check valve (3), a micrometering valve (V4), and
communisL. The aim of this study was to investigate the fittings (Autoclave Engineers) used in the system could stand pressures
evolution of the composition of juniper fruit supercritical €O  up to 75.8 MPa. Between the GBupplying cylinder and the pump
extracts with extraction time, at different extraction pressures inlet, as well as on the product line emerging from the top of the
and to emphasize the most favorable condition for the extraction €xtractor, two filters (1g:m) (4) were placed to prevent any possible
of different terpene hydrocarbon groups. A study including the suspended partlclgs. The'llne between the extractor gnd the product
effect of the length of extraction and reporting the qualitative collector was equipped with a heated needle (expansion) valve (V4)
. ’ . ~ and a heated onoff valve (V5). Just before the collector, the line itself
differences among extracts collected during successive extractionyas wrapped with heating tapes to prevent freezing because of gas

time periods could give information about extraction kinetics expansion. Extracts were recovered by depressurization to atmospheric
of oxygenated and non-oxygenated terpenes. pressure in a micrometering valve (V4), and the product was precipitated
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5.00 Table 1. Main Constituents (Area %) of the J. communis Supercritical
;\? CO, Extract Fractions Obtained in Different Extraction Time Intervals
g 400 for Extraction Process at 40 °C and 80 bar
] 4 100 bar
s 3.00 u 90 bar extraction time (h)
2 © 80 bar component 0-0.6 0.6-1.2 1.2-1.8 1.8-3.9
2 2,00
S a-thujene 0.69+0.03
g 1.00 o-pinene 2145+1.02 0.39£007
] a-fenchene 0.24 +£0.02
(&) 0.00 , ! ‘ camphene 0.09£0.01
: ' ' ' sabinene 11.75+£0.52 0.23+0.04
0 2 4 6 8 B-pinene 1.96 £ 0.09
. -myrcene 497+0.24
Time (h) 'g-S-)éarene 0.15 +0.01
Figure 2. Effect of pressure and time on extraction yield. o-terpinene 0.09+£0.01
p-cymene 0.70£0.03
. . limonene 2.82+0.13
in glass tubes (sampling traps) used as separators. Separator temperatutgerpinene 1124005 103+0.18 0.48+0.08
was maintained at (26& 2) K, and pressure was kept at atmospheric  terpinolene 1144005 123+021 099+0.17 0.26+0.10
level. monoterpenes 4745+225 287+050 1.47+025 0.26+0.10
The apparatus was operated in a single-pass mode pig®rough Z'ggbggﬁge (1)33 * 8-8? ﬂg * g-gg 822 * g-gg
the bed_of ground Junlper_berry partlcles. A single exper_lment consisted ,B-ele?nene 2644011 4664021 3984017 220+0411
of a series of cycles, during which dense Jfowed continuously up g cayaphillene 422+017 719+033 502+021 134+007
through the bed, interrupted by refill periods of the high-pressure pump .elemene 0.64+003 159+007 214+0.09 2.16+0.10
cylinder (approximately 120 s). Extraction yields were measured o-humulene 3.09+0.13 6.09+028 520+022 1.80+0.09
gravimetrically (+0.0001 g) by collecting the products precipitated in  cis-a-famesene 114005 217+010 0.65+0.03
glass tubes (sampling traps) used as separators. y-cadinene 12124049 26.62+122 27.17+1.13 1296+ 0.63
. To investige}te the iqfluepce .of the pressure on the total yield and ﬁ'_?:r“r?:slene 0.72+003 éjigig:gi ézgig:gﬁ éjggigzgg
juniper berry oil extraction kinetics, SCFE was carried out at pressures yzjencene 081+003 1904009 221+009 1.39+007
of 80, 90, and 100 bar with a constant £bw rate of ~0.2 kg h* 3,7-guaidiene 0254001 063+003 078003 064003
and with the fraction of the ground material with particle sizes in the viridiflorene 0.56+0.02 133+0.06 170+0.07 112+0.05
range of 0.250—0.400 mm. Experiments at the constant pressure werea-muurolene 061£002 159+0.07 206+0.09 290+0.14
conducted until the constant mass of extract was collected (statistically ¢-cadinene 076+003 197+£009 257£011 261+013
insignificant mass change between two successive cycles’ yields). Two o-calacorene 017001 0.23£0.01 047:+002
S . germacrene D 385+0.16 9.35+046 14.22+059 16.07+0.78
replications of experiments at 90 and 100 bar were performed, and the germacrene B 1084004 331+015 489+020 13.11+0.64
experiment at 80 bar was repeated 3 times. sesquiterpenes 35.82+1.46 74.42+341 7592+3.16 60.87 +2.95
The evolution of the extracts’ composition with extraction time was  terpinen-1-ol 113+0.07 0.30%0.02
studied in a way that supercritical G@xtract fractions were collected ~ /-erpineol 089£006 106+0.06 059+0.03
in successive time intervals over the course of the extraction at the éffétcr:r’\'lsg;l'grbem)l E:ggigzg; ;égig:?g g:giig:gi 114004
constant pressure. For that purpose, in the first experiment, extracts pomeq 0204001 038+0.02 045+002 026001
were collected every approximately 50 L of €@round a 0.6 h time terpinen-4-ol 460+028 690+037 485+021 0.90+0.03
interval) up to 300 L. The experiments at 80 and 90 bar were repeated a-terpineol 150+0.05 037+0.02 032+001 0.34+001
keeping the same time intervals, while time intervals for extraction at y-terpineol 076+001 094+002 046+002 015£0.02
100 bar were additionally adjusted for the purpose of mathematical bgg' ?Zﬁ‘eﬁe g?g : gg? 8-‘2‘2 * 8-3? 0254001 016+001
modeling and kept unchanged in the repeated experiment. gxyge>r/1ated monoterpenes  14.03+0.86 1493+0.79 10.60+0.46 3.77+0.13
Extract samples were stored in the dark in the refrigerator to prevent caryophyilenol-11 007+001 0234002 034+002 096005
chemical reactions before their GC analysis. nerolidol 0.65+0.03 158+0.14 224+0.14 245+0.14
GC—FID Analysis. The 2uL of samples, containing supercritical ~ caryophyllene oxide 0.59+005 0.68+0.04 198+0.11
carbon dioxide extracts previously dissolvedtihexane, were subjected ~ Spathulenol 043£002 120£010 179£011 3.01+0.17
to gas chromatographic analyses on a HewlBtickard 5890 gas 2‘_’2‘51‘:&0’(”8 0 011+001 036+0.03 gg? : 8'8? éég : 8'82
chromatograph with a FID. A fuseq silica capl[lary column, Wlth a  s.cadinol 0124001 035+003 062+004 170+0.10
nonpolar stationary phase (100% dimethylpolysiloxane), CP-Sil 5CB/  g-eudesmol 0.15 + 0.01
MS, 25 mx 0.25 mm inside diameter, and 0.25 film thickness, a-cadinol 0.16+001 045+004 074+005 211+0.12
was used. The purged splitless mode of sampling was implemented. oxygenated sesquiterpenes  1.93+0.09 5.81+0.50 8.99+0.54 17.51+0.99
The column temperature was maintained af60for 1 min and then ~ Other compounds 026+004 197008 301+015 17.60+101
programmed to increase as follows: &t@min to 280°C, holding at
280°C for 15 min, at 15°C/min to 295°C, and 5 min at 298C. The
flow rate of the carrier gas @l through the column was 1 mL mif °C, and the detector temperature was 280lonization voltage of 70
and inlet pressure was 10 psig. The injector temperature wad@50 eV was used. The sample £1) was injected in the split mode (1:60).
and the detector termperature was 380 The identification of compounds was based on the comparison of

Quantitative presence in the extracts was determined using thetheir retention times and GC elution sequence with corresponding data
method of peak-area normalization and without the application of Of pure reference compounds or with literature data for juniper berry
response factor corrections. Injections were repeated in triplicates. ~ essential oils (3233) and other juniper essential 0i4) and also by

GC—MS Analysis. Samples prepared in the same way as for the matching the mass spectra of every GC peak with those of the Wiley
GC analysis were subjected to G®IS analysis on a HewlettPackard Library.

5890 (series A) gas chromatograph with a mass-spectrometry detector
Hewlett—Packard 5871. A fused silica capillary column, Ultra 2, 25 RESULTS AND DISCUSSION

m x 0.20 mm inside diameter, and 0.388 film thickness, was used. . - . .
The column temperature was maintained af60for 1 min and then CO; Extraction. The content of juniper berry essential oils

programmed to increase as follows: &@min to 280°C and holding [d(20°C) = 861.2 kg n7?] determined by an official procedure
at 280°C for 20 min. The linear flow velocity of the carrier gas (He) (22) was 0.70 mL/100 g of the materiddigure 2 shows the
through the column was 30 cm/s. The injector temperature was 250 overall SCFE curves at a temperature of°@as functions of
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Table 2. Main Constituents (Area %) of the J. communis Supercritical CO, Extract Fractions Obtained in Different Extraction Time Intervals for
Extraction Process at 40 °C and 90 bar

extraction time (h)

component 0-0.60 0.60-1.4 1.4-2.2 2.2-28 2.8-3.2 3.2-39
o-thujene 0.87+0.03 0.10+0.01
o—pinene 2.76 £0.09 0.12+0.01 0.31+0.02 0.10+0.01 0.08 +0.01
o—fenchene 10-100 ppb
camphene 10-100 ppb
sabinene 2.71+0.09 0.19+0.01 0.60 +0.03 0.18+0.01 0.11+0.01 0.07+0.01
f-pinene 0.53+0.02
[-myrcene 1.25+0.04
0—3-carene 10-100 ppb
o-terpinene 10-100 ppb
p-cymene 0.05+0.01
limonene 1.12+0.04
y-terpinene 6.16 +0.21 0.31+0.02
terpinolene 8.20+0.28 0.74 +£0.03 10-100 ppb 10-100 ppb 10-100 ppb
monoterpenes 23.60 £0.81 1.45 +0.08 0.74 +£0.04 0.28+0.03 0.23+0.03 0.07+0.01
o-cubebene 0.77+0.03 0.14 +£0.02 0.08 +0.01 0.08+0.01 0.07 £0.01
o-copaene 0.43+0.02 0.12 +0.02 0.08 +0.01 0.08+0.01 0.08 +0.01
[-elemene 256+0.11 1.40 £0.05 0.30+0.01 0.10+0.01 0.29 +£0.02
[3-caryophillene 3.29+0.15 1.06 £ 0.04 0.18+0.01 0.23+0.01 0.23+0.02
y-elemene 1.08 +£0.05 1.39 £ 0.05 0.37+0.01 0.14+0.00 0.16 +0.01
o-humulene 310+0.14 1.24 £0.04 0.23+0.01 0.07+0.00 0.28 +£0.02 0.14+0.01
cis-p-farnesene 1.31+0.06 0.28 +0.01 0.09+0.01 0.06 +0.01 0.19 +£0.02
y-cadinene 15.53+0.68 8.45+0.28 1.60 + 0.06 0.48 +0.02 1.46 £ 0.06 0.27+£0.02
f-selinene 0.85+0.04 0.63 +0.02 0.14+0.01 0.13+0.01 0.13+0.01
o-farnesene 0.21+0.01 0.32+0.01 0.17 £0.02 0.09+0.00 0.11+0.01
valencene 1.40 £ 0.06 1.01£0.03 0.21+0.02 0.06 +0.00 0.14+0.01
3,7-guaidiene 0.41+0.02 0.38 £0.01 0.09+0.01 0.08+0.01 0.08 +0.01
viridiflorene 0.84+0.04 0.61 +0.02 0.14+0.01 0.10+0.01 0.09 +£0.01
o-muurolene 1.11+0.05 1.69 + 0.06 1.06 + 0.04 0.66 +0.02 0.61 +0.02 0.36 +0.02
o-cadinene 1.11+0.05 1.28 £0.04 0.38+0.01 0.20+0.01 0.32+0.01 0.18+0.01
o-calacorene 0.16 £0.01 0.34 £0.01 0.41+0.01 0.45+0.02 0.39+£0.01 0.44 £0.02
germacrene D 741+0.33 9.59 +0.32 2.39+0.09 0.79+0.03 0.89 +0.03 0.30+0.02
germacrene B 4.40+0.19 12.20 £ 0.41 10.04 £ 0.36 7.40+0.25 5.47+0.21 4.06+0.10
sesquiterpenes 47.20 +£2.08 42.84+1.43 18.54 + 0.67 11.25+0.38 11.62 +0.44 6.31+0.27
terpinen-1-ol 0.27+£0.02 0.16 £0.01
[-terpineol 0.63+0.05 0.15+0.01 0.16 +0.02 0.08+0.01 0.06 +0.01
(cis,trans)-verbenol 0.68 £0.05 0.21+0.02 0.12+£0.02 0.09 £0.01 0.10+£0.01
pinocarveole 127 £0.05 0.82+0.03 0.15+0.02 0.07+0.01 0.14 +0.02
borneol 0.30+0.01 0.22+0.01 0.05+0.01
terpinen-4-ol 4.97+0.19 1.03+0.04 0.11+0.02 0.12+0.02 0.15+0.02
o-terpineol 0.45+0.02 0.15+0.01 0.06 +0.01 0.05+0.01
y-terpineol 0.42+0.02 0.35+0.02 0.11+0.01 0.09+0.01 0.05+0.01
bornyl acetate 0.35£0.01 0.06 £0.00
geranyl acetate 0.17£0.01 0.10+£0.00
oxygenated monoterpenes 1217 £0.46 397+0.14 1.02 +£0.04 0.56 +0.02 1.12+£0.04 0.52 +0.02
caryophyllenol-11 0.30+0.01 0.67 £0.03 0.76 £ 0.02 0.60 +0.02 0.41+0.01 0.35+0.02
nerolidol 1.08 +0.05
caryophyllene oxide 1.00 +£0.05 1.27 £0.05 0.86 +0.03 0.64+0.03 0.57 £0.02 0.20+0.01
spathulenol 1.45+0.07 1.86 £ 0.07 0.84 +0.03 0.46 +0.02 0.56 +0.02 0.27+0.01
humulen oxide (1) 0.44 +£0.02 0.89 +£0.03 1.06 + 0.03 1.07 £0.04 0.88 +£0.03 0.85+0.04
T-cadinol 0.19+0.01 0.39+0.01 0.45+0.01 0.39+0.02 0.37+0.01 0.25+0.01
o-cadinol 0.68+0.03 1.44 +0.05 1.97 £0.06 2.18+0.09 2.02+0.07 1.98 +£0.09
[-eudesmol 0.08 +0.00 0.20+0.01 0.33+0.01 0.39+0.02 0.41+0.01 0.41+0.02
o-cadinol 0.87 +£0.04 2.02+0.08 315+0.10 3.88+0.16 3.56 +0.13 417+0.19
oxygenated sesquiterpenes 8.07+0.39 12.55+0.47 14.04 £0.43 13.85+0.57 11.92+0.43 11.24 £0.52
other compounds 8.96 + 0.34 39.18 £ 1.62 65.65 + 2.03 74.05 + 3.26 75.12 £3.12 81.86 + 4.05

extraction pressure and time. The total yield of the supercritical oxygenated monoterpenes (OM), and oxygenated sesquiterpenes
CO;, extraction, calculated by the weight of the material charged (OS). The fifth group, labeled as the O group, comprises higher
in the extractor at pressures of 80, 90, and 100 bar was 0.65molecular mass compounds (such as fats, waxes, and some other
(+0.03), 1.48 £0.04), and 4.00£0.10)%, respectively. Atthe  ynidentified peaks). More than 200 constituents were detected
constant temperature, an increase in supercritical carbon dioxiden, various juniper berry extracts, and the contents of 50 identified
(from 280, through 490, to 630 kg ) by increasing pressure  compounds are reported in this work: 13 monoterpenes, 18

Fesu'ted in a solubility Increase and_ hence a so_lvent power sesquiterpenes, 10 oxygenated monoterpenes, and 9 oxygenated
increase. Therefore, the total yield increased with pressure.Sesquiterloenes

However, at higher densities, an intensive co-extraction of high-
boiling nonvolatile components with volatile components was ~ The chemical composition of the extract fractions obtained
taking place. during successive extraction time intervals at 80, 90, and 100
The constituents of the extracts are grouped into five main bar pressures are presentedables 1,2, and3, respectively.
groups: the first four are monoterpenes (M), sesquiterpenes (S),The dependence of the percentage yields of the investigated
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Table 3. Main Constituents (Area %) of the J. communis Supercritical CO, Extract Fractions Obtained in Different Extraction Time Intervals for
Extraction Process at 40 °C and 100 bar

extraction time (h)

component 0-0.30 0.30-0.45 0.45-0.60 0.60-0.75 0.75-0.90 0.90-1.20

o-thujene 0.12 £0.02 0.07+£0.01

o-pinene 7.17+0.26 0.13+0.01 0.10£0.01 0.11+0.01 0.08 +0.00 0.07+£0.00

o-fenchene 0.10+0.02

camphene 10-100 ppb

sabinene 333+£0.11 0.08 £0.01 0.13+0.01 0.14+0.01 0.10+0.01 0.13+0.01

p-pinene 0.67+0.03 10-100 ppb 10-100 ppb 10-100 ppb 10-100 ppb 0.07+0.00

f-myrcene 1.90 +0.06

D3-carene 10-100 ppb

o-terpinene 10-100 ppb

limonene 0.23+0.03

p-cymene 0.69 £ 0.06 10-100 ppb 10-100 ppb 10-100 pph 10-100 pph 0.06 £0.00

y-terpinene 0.78 +0.06 0.07+0.01

terpinolene 0.80 £ 0.06 0.15+0.01

monoterpenes 16.08 £0.73 0.52 £0.05 0.25£0.02 0.30£0.02 0.19+0.01 0.33+0.02

o-cubebene 0.81+0.04 0.13+0.00 10-100 ppb 0.06 £0.00

o-copaene 0.54+0.03 0.14+0.00 10-100 ppb 0.05+0.00

p-elemene 293+0.11 1.86 +0.06 0.42 £0.02 0.12+0.01 0.05  0.00

p-caryophillene 2.68+0.15 1.17+0.04 0.20£0.01 0.05+0.00

y-elemene 2.64+0.09 1.70 + 0.05 0.54 £0.02 0.19+0.01 0.06 + 0.00

o-humulene 322+0.17 1.43+0.04 0.28 £0.01 0.06 £0.00

cis-f3-farnesene 0.62 £0.03 0.34£0.01 10-100 pph 0.09 £ 0.00 10-100 ppb 0.08 £0.00

y-cadinene 12.43+£0.72 10.08 £0.31 2.20+0.08 0.47 £0.02 0.23+0.01 0.09 +0.00

p-selinene 1.04 +0.04 0.70 £ 0.02 0.22+£0.01 0.05+0.00

o-farnesene 0.48 £0.03 0.30£0.01 0.21£0.01 0.11+0.00

valencene 2.17+0.07 1.25+0.04 0.34+0.01 0.07 £0.00 0.06 + 0.00

3,7-guaidiene 0.61+0.03 0.41+0.01 0.14£0.01 0.04+£0.00

viridiflorene 0.73+0.04 0.63 +0.02 0.22+0.01 0.05+0.00

o-muurolene 2.82+0.09 1.73 +0.05 1.36 +0.05 0.76 £0.04 0.48 +0.02 0.14 £0.01

o-cadinene 2.35+0.08 1.44+0.04 0.61+0.02 0.24+£0.01 0.13+0.01 0.15+0.01

o-calacorene 0.26 +0.01 0.34+0.01 0.43+0.02 0.54 +0.03 0.38+0.01 0.29+0.01

germacrene D 8.85+0.45 8.97£0.28 3.94+0.15 1.05+0.05 0.40 £0.02 0.09£0.00

germacrene B 10.60 + 0.57 13.07 £ 0.40 13.16 £ 0.50 8.10+0.38 5.80+0.23 2.13+0.08

sesquiterpenes 56.80 + 2.77 46.37 +1.43 24.96 +0.95 12.75+0.60 8.06 +0.32 313+0.11

terpinen-1-ol 0.19+0.03 0.16 +0.02

p-terpineol 0.46 £0.04 0.11+0.01 0.15+0.02 0.06 £0.01

(cis,trans)-verbenol 0.53£0.05 0.11+£0.01 0.05+0.01

pinocarveole 1.47+0.07 0.42 £0.02 0.15+0.02 0.06 £0.01

borneol 0.27+0.01 0.13+0.01 0.05+0.01

terpinen-4-ol 4.63+0.22 0.87+£0.04 0.10 £0.02 0.05+0.01

o-terpineol 0.47 £0.02 0.15+0.02 0.11+0.01

y-terpineol 0.44 +0.02 021+0.01 0.18 £0.02 0.05+0.01

bornyl acetate 0.25+0.01 0.05+0.00 0.05+0.01 0.05+0.01

geranyl acetate 0.16 £0.01 0.13+£0.01

oxygenated monoterpenes 9.97+0.48 2.96+0.14 0.76 £ 0.03 0.80 + 0.06 0.14 +0.04 0.21+0.03

caryophyllenol-11 0.53+0.03 0.51+0.02 0.75£0.03 0.62 £0.02 0.43+0.02 0.15+0.01

spathulenol 0.92£0.03

thujyl alcohol 1.36 +0.05 1.04 +0.04 0.94+£0.03 0.64 £0.02 0.50 + 0.02 0.12+0.01

caryophillene oxide 1.37+£0.07 1.68 +0.07 0.95+0.03 0.52 £0.02 0.25+0.01 0.13£0.01

gleenol 0.72£0.03 0.74 £0.03 0.92£0.03 0.90£0.03 0.72 +0.03 0.46 +0.02

cedrol 0.41+0.02 0.41+0.02 0.44 £0.02 0.62 £0.02 0.36 + 0.01 0.16 £ 0.01

T-cadinol 1.16 + 0.05 1.27+0.05 1.68 + 0.06 1.91+0.06 1.70 + 0.06 1.25+0.05

torreyol 0.23+0.02 0.17£0.01 0.23£0.01 0.20£0.01 0.22+0.01 0.25+0.01

o-cadinol 1.54 +0.08 1.75+0.07 2.65 +0.09 315+0.11 3.16+0.12 2.65+0.11

oxygenated sesquiterpenes 8.94+0.39 11.00 £0.45 1272 +£0.44 12.08 £0.41 9.82+0.36 6.48 +0.27

other compounds 821+0.26 39.24+1.43 61.32+2.30 74.06 £3.38 81.80+2.72 89.85+4.15
compound groups on extraction time are showifrigures 3, (1.50%). In this extract, the quantities of oxygenated sesqui-

4, and5 for extractions at 80, 90, and 100 bar, respectively. terpenes were very low and their total amount was 1.93%. Other
Extract yielded during the first 0.6 hrable 1) consisted compounds such as fats, waxes, and some other unidentified
predominately of monoterpenes (47.45%) with the highest levels peaks of compounds with higher molecular mass were present
of a-pinene (21.45% of the total yield), sabinene (11.75%), at the level of 0.26%.
p-myrcene (4.97%), limonene (2.82%jp-pinene (1.96%), After an extraction period of 0.6 h at a pressure of 80 bar,
terpinolene (1.14%), ang-terpinene (1.12%). The content of concentrations of the monoterpenes in the extract fractions
sesquiterpenes was at the level of 35.82%, and among sesquidecreased significantly, while the quantities of the other groups
terpenes, the following dominatedy-cadinene (12.12%), increased (Table ;andFigure 3). Considering the masses of
p-caryophillene (4.22%), germacrene D (3.85%), ardumu- the yielded oil fractions (data not shown), it could be calculated
lene (3.09%). Oxygenated monoterpenes were found in thisthat before the end of the first 0.6 h, 99% of monoterpenes had
extract in the content of 14.03% whose main components werealready been extracted from the berries at all pressures. It was
terpinen-4-ol (4.60%), pinocarveole (1.52%), amderpineol possible to extract oxygenated monoterpenes almost completely
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Figure 6. Mass ratio of the oxygenated terpenes to the other compound

Fi 3T h f th d ' t ields f . .
'gure me change O the compound groups  percentage yields for groups in the extracts obtained at 40 °C and pressures of 80, 90, and

extractions at 80 bar and 40 °C. Compound groups: monoterpenes (M),

(m); oxygenated monoterpenes (OM), (O); sesquiterpenes (S), (A); 100 bar.
oxygenated sesquiterpenes (OS), (a); and other (O), (@). (+1.55)%. Therefore, SCFEs of juniper berries at higher
— 80 pressures should be conducted in an apparatus with two
£ 04 separators. On the other hand, in the process of essential oil
% 60 deterpenation at 80 bar pressure and@Pmonoterpenes might
< 50 T easily be removed after a short extraction period. This mono-
g 40T terpene fraction might be used for other purposes, antimicrobial
g 30 T or in the future for ecologically acceptable pest control.
g fg During the first 0.6 h of extractions at 90 and 100 bar, the
é 0 } , : | fractions yielded consisted respectively of 47.201(74) and
0 1 2 3 ‘ 45.45 @2.36)% sesquiterpenes and 8.070(35) and 10.65
. (£0.52)% oxygenated sesquiterpenes. Because the oxygenated
Time (h) terpenes give a more relevant contribution to fragrance than
Figure 4. Time change of the compound groups’ percentage yields for the non-oxygenated ones, the percentage of oxygenated terpenes
extractions at 90 bar and 40 °C. Explanation for used abbreviations and in the extracts was used as an indicator of the quality of the oil.
symbols is the same as the one given in Figure 2. The mass ratio of oxygenated terpenes to the sum of mono-
80 terpenes, sesquiterpenes, and other compounds in the extracts
$ 0l obtained at 40C and pressures of 80, 90, and 100 bar is shown
T 60+ in Figure 6.
D gl Because of an increased extraction of higher molecular mass
T, 40 + compounds (O) with extraction time, the ratio (OMOS) to
g30+ (M + S+ O) decreased in time for extractions at 90 and 100
S 20T bar. Results indicate that extraction, at 90 bar an8GlQasting
g 101 up to 2 h (~40 g of CQJ/g of material), could give the highest
o o values of the desired mass ratio. Because of decreased sesquite-
o i . = * pene extraction rates aft@ h of extraction and a rate of OS
Time (h) extraction which is still high, a process lasting w3 h (~60
Figure 5. Time change of the compound groups’ percentage yields for g of COJ/g of material) would increase the OS/S mass ratio.
extractions at 100 bar and 40 °C. Explanation for used abbreviations Fractions with different contents of various terpenoid groups
and symbols is the same as the one given in Figure 2. were obtained by varying the extraction pressure and time in

the process of supercritical G@xtraction ofJ. communid..
at 100 bar in 0.5 h and at 90 bar in 1.2 h. Contrary to that, The concentration of terpene compounds, which are extracted
during an extraction periodfe@ h at 80bar, it was possible to ~ equally fast and, as a rule, show synergy and have similar
extract only 75% of the maximum yielded value of OM at 100 activities, would result in obtaining genuine natural products,
bar. The content of OMs in the fractions collected after the first Which could serve desired purposes.
extraction period of 0.6 h at 90 and 100 bar was 12:#0.49)
and 5.54 (9.38)%. Intensive extraction of sesquiterpenes could ACKNOWLEDGMENT
be by no means avoided at any pressure, but at the beginningT
of the process_(the first 0.5 h) at 80 bar, they were extra_cted Ministry of Science, Technologies, and Development, Republic
about 8 and 3 times slower than at 100 and 90 bar, respectlvely.of Serbia
Oxygenated sesquiterpenes were yielded at fast, constant '
ext.ra(.:tl.o.n rates at 100.and 90_ barin 1.2 and 3 h, respectlvely.l_ITERATURE CITED
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