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Summary: Authors dealt more than ten years with the analysis of supercritical extracts. For extraction (SFE) carbon dioxide was used as
supercritical solvent. Fractionation of extracts was carried out by releasing the separations pressure al [wo stages . The extracts were collected
as separate samples successively in time.

The traditional extractions were carried out with steam distillation or by using n-hexane and ethanol in Soxhlet apparatus. For the analysis
of volatile compounds GC, GC-MS: of non volatile compounds TLC-densitometry and spectroscopic methods were used.

The following general characteristics were established comparing the composition of steam distillated oils with that of volatile SFE
fractions. The SFE fractions were richer in monoterpene-esters and poorer in alcohols than the essentiul oils prepared by traditional wiy
(clary sage, lavandel). Regarding the distributicn of the monoterpene and sesquiterpene umtpuunds the SFE fractions contained
sesquiterpene hydrocarbon in higher percentage thun the distillated oils (e.g. B-caryophyllene in Salvia fruticosa, [jmryupllyfluu. Y-
muurolene, y-cadinene in Ocinuwm basilicim). Further the proportion of sesquiterpenes increased in SFE fractions collected successively in
time.Significant difference was remarkable in respect of the optical rotationability of lovage oil and SFE fraction which was probubly
caused by the different ratio between the two ligustilid enantiomers. It was verified in some cases that a part of mono- and sesquiterpenes
were present originally in a bounded form (glycosides) in plants. Therefore they appeared in essential oil fractions only after previous acidic
treatment (Thymus, Origamom species). During the supercritical extraction the azulenogene sesquilerpene lactones did not transform 1o
azulenes (in chamomile, yarrow), but the non volatile SFE fractions of some Asteraceae plant contained sesquiterpene-—Ilacton of
unchanged structure in high L|1mm|ly (e.g. cnicin in blessed thistle, parthenolide in feverfew). Authors obtained also SFE [ractions which
were rich in triterpenoids and phytosterols (marigold, common dandelion).

Introduction The aim of this paper is to give a summary of the work
on obtaining SFE fractions rich in volatile compounds
(mono-, sesquiterpenes and phenyl-propane (aromatic)
derivatives as well us non volatile sesquiterpene-y-lactones,

The supercritical fluid extraction is a special separation
technique to obtain extracts and fractions of natural origin
for therapeutical or cosmetic use (Chouchi et al. 1995; Dugo
et al. 1995; Bicchi et al. 1999),

Authors carry out the analysis ol supercritical extracts of

triterpenes and sterols,

plant materials containing biological active volatile and non Material and methods

volatile terpenoids for more than ten years, further were )

studied the advantages and disadvantages of the supercritical Flantwmsriol
extraction method in comparison of the traditional extraction Some plant species ol Lamiaceae, Asteraceae and
methods. Aplaceae families, — rich in volatile terpenoids or aromatic
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compounds as well as sesquiterpene-y-lactones, sterols and
triterpenes in free form — were used in these studies.

Laniiaceae family:

Lavandula officinalis L. (lavandin or lavander)
#  Salvia sclarea L. (clary sage)
Salvia officinalis L. (sage)
Salvia triloba (syn. S. fruticosa L.)
Rosmarinus officinalis 1. (rosemary)

Ovriganun vulgare L. (oregano marjoram)
% Sarureja hortensis L. (savory)
#  Thymus vilgaris L. (thyme)

Thymus serpyllum L. (wild thyme)
= Ocimum basilicum L. (basil)

Asteraceae Tamily
Chrysanthenuom parthenium L. (Beruh) (feverfew)
Matricaria recutita L. (chamomile)
Cnicus benedictus L. (blassed thistle)
Taraxacum officinale L (common dandelion)
Calendula officinalis L. (marigold)

Apiaceae Tamily
w5 Anthriscuy cerefolium L. Hoff (chervil)
Levisticum officinale L. (lovage)

A part of plant samples was cultivated™ or collected®* in
Hungary: the other part of them originated from Herbaria,
but Turkish oregano and Greek feverfew were studied too.

For extraction the grinded herb of plants: the root of
lovage and common dandelion; the flowers of chamomile
and marigold were used.

Methods for extraction
Supercritical fluid extraction

The extraction apparatus consisted ol the extractor, two
separators, storage vessel and gas meters. The raw malerial
after grinding was charged into the extractor. CO, from the
storage vessel was fed through the heat exchanger by means
of the high-pressure pump. The compressed C0, solved the
volatile and non-volatile lipophilic substances. Two
separators in series were applied to obtain the extract where
the press is decreased in lwo stages,

The pasty SFE product could be collected in the first, the
volatile oil containing product in the second separator. A
fractionated extraction was carried out by a stepwise
increase of the extraction pressure, meanwhile the products
were collected at each step in the first or second separator.
The accumulated product samples were collected and
weighed. The effect of the extraction parameters (pressure,
temperature) on the yield were determined by 32 full
factorial designed experiments. The solvent leaving the
separators after condensation flow back into the solvent
storage vessel. The total volume of CO, consumed was
measured by the volumetric gas meter (Oszagyan et al.
1996: Rinyai et al. 1998).

Water steam distillation

The traditional water steam distillation in neutral
medium was carried out according 1o the description of the
Hungarian Pharmacopoea Edition 7, in the special apparatus
for the extraction of essential oils. (Ph.Hg. V1. 1986) For the
acidic distillation acidified water (pH ~ 2 by hydrochloric
acid) was used. In certain cases the combination of SFE and
steam distillation (steam distillation of the SFE fractions)

wils used.

Extraction with organic solvents

n-Hexane or petroleum cther and cthanol (96%) were
used as organic solvents in Soxhlet apparatus.

The samples for studying triterpenes and sterolos  the
unsaponifiable matters were prepared. The samples were
saponified by treatment with ethanolic KOH and the reaction
mixture was extracted with chloroform. The chloroformic
extracts (Ph.Hg. VI 1986) were used for quantitative
determinations.

Methods for analysis
GC for evaluation the composition of essential oils

For the separation, identification and evaluation of
volatile compounds gas chromatographic method was used.
The GC analysis was carried out on packed (a) and
cappilaric (b) columns, respectively with nitrogen as carrier
oas and flam ionisation detector; temperatures of detector
and injector were 230 °C and 200 °C, respectively.

A 3 m x 2,3 mm glass spiral column packed with 3% OV-
17 and 30 m x 0,32 mm, silica fuse columns couted with
DB-1701 of 25 um, or specific chiralic column coated with
Ri-B DEXm and Ri-p DEXsm of 25 pm thickness were
used. The columns were programmed as follows 60°-230 °C
at 8 °C/min (1) and 60°-230 °C, 8°C min. 230 °C isotherm
3 min (b).

GC/MS investigation was performed using a Hewlett-
Packard 5890A instrument coupled to a VG-TRIO-2
quadrupole mass spectrometer with a direct capillary
interface. DB-1701 fused silica column (30 m x 0,32 mm,
(0,25 um film thickness) was used. The oven lempwerature
program was 70 °C (0.5 min), 70°~120 *C (15 "C/min), 120
5C=240 °C 4 °C/min), 240 °C (2 min). Injector temperature
was 210 °C.

The oil components were identified by comparing their
retention times with those of authentic standards, essential
oils of known composition and peak enrichment. The
confirmation of identity was done by comparison of their
mass spectra with those reported in the literature (Stenhagen
et al. 1974) and reference compounds.

TLC-densitometry for the analysis of the non volatile
sesquiterpene-y-dctones

Silicagel GF 254 (Merck) was used as sorbent with the
following solvent systems: benzene-n-hexane-acctonitrile
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30:20:21 (v:v) (parthenolide), carbon tetrachloride-
acetonitrile 40:15 (viv) (cnicin). Detection: vanillin-
sulphuric acid reagent (see essential oil). The plates were
scanned to the direction of elution by Shimadzu-CS-930
densitometer fitted at 520 nm and 600 nm respectively.
Partheénolide was used as standard).

IR spectroscopy was used to screen the SFE products for
the presence of sesquiterpene-y-lactones. Beckman (Acculab
8) infrared spectrophotometer was used in liquid cell
technique and the IR spectra of samples were recorded in
1650-1850 ¢cm™! wavenumber region. Absorption at the
region of 1745-1785 em™! were studied.

TLC-densitometry for analysis of triterpenes and sterols

Kieselgel 60 Fys, was used as adsorbent with solvent
system : n-hexane-ethylacetate (6:2). The plates were treated
by sulphuric solution of cerium sulphate then scanned to the
direction of elution by Shimadzu-CS-930 densitometer fitted
at 600 nm. B-amyrin and P-sytosterine compounds were
used as standards.

Results and discussion

Supercritical extraction of volatile compounds
Ratio of monoterpene ester and alcohols

Comparing the essential oil composition of Lavandula and
Salvia sclarea SFE-fractions with that obtained by steam
distillation authors established that the linalyl acetate content
of SFE fractions were in general higher than that of traditional
essential oils, and the Lavandula SFE fractions - independent
from the plant source (English or French Lavandula) — were
in general more valuable, respectively to the higher acetate
content than the distilled one. The statement could be
explained by the reduced possibility of the hydrolytical
processes (Ronyai et al. 1999a; Lemberkovics et al. 1998b).

The composition of feverfew oils obtained by steam
distillation and SFE the yield of camphor and chrysanthenyl
acetate were always higher in SFE products (Table 1) (Kéry
et al. 1998).

Table 1 Composition of feverfew essential oil obtained by steam
distillation and SFE
Percentage occurrence %
Code| Compounds E‘“L_‘;m""l SFE fractions
oi
1. 2 3. 4.
| o-pinene L1 13 trace - 1.t
2 camphene 4.4 3.0 54 4.1 32
3 3-pinene 0.4 0.2 0,1 04 trace
4 limonene 0.3 trace 0.1 0.2 trace
5 cucalyptol 1.9 1,5 2.1 1.6 1,7
6 Y-lerpinene 0.1 0.1 trace trace trace
) linalool 02 trace 0,1 0.2 0.1
8 c-thujone 153 trace 03 02 0,1
9 camphor 538 659 70,9 61,6 67.1
10| borneol 0,2 0,1 trace trace 0.2
11 | chrysanthenyl- 269 297 29,1 27.6 298
acetate

The main component of the steam distillated feverfew
oils of Greece origin was chrysanthenyl-acetate but the
caphor monoterpene ketone was the predominant constituent
in the SFE fractions. It is interesting that the composition of
essential oil obtained by steam distillation of SFE fraction
was in good agreement with the conventional
Chysanthemum oil. We have to remark that chrysanthenyl
alcohol was detectable only in the oils gained by acidic
distillation in the samples (Lemberkovies et al. 1998b),

Change of ratio of mono- and sesquiterpenes during the
: ) ! 8

fluid extraction successively in time

The investigations were carried out on extraction of
Salvia officinalis, S. fruticosa and Ocimum basilicunt.

Authors established that in the SFE fractions of basil the
percentage occurrence of the linalool main component as
well as the monoterpene compounds (e.g. citronellol,
borneol) was lower, but the ratio of sesquiterpencs was
higher than that in traditional basil oil (e.g. B-caryophyllene
0.41 — 0.86%, y-muurolene 2.56 — 4.85% and y-cadinene
1.88 — 3.34%) (Ronyai et al. 1999b).

In the case Of sage the change of essential oil
composition was studied during the fluid extraction. The
results showed that in general the first fractions were richer
in monoterpenes (0-, B-pinenes. camphene, limonene,
eucalyptol, p-cymene, o-, B-thujone, borneol, camphene,
bornyl-acctate) than the latter ones. In the second and third
fractions the rate of sesquiterpenes was mostly higher thun
they were in the first fractions (B-caryophyllene 3 — 4.7%,
o-humulene 5.0 = 7.06 %) (a/ Lemberkovies et al. 1998).

Distribution of monoterpene hydrocarbons and oxygenated
monoterpenes during the supercritical extraction

Comparing the composition of traditional rosemery oil
with that of SFE fractions it was established that the main
components: ¢-pinene, cucalyptol, camphor, verbenon were
the sume in both samples.

Table 2 Comparing of composition of essential il and SFE fractions of
rosemury

Components Percentage occurrence %
I:xsc!mul SFE fractions
oil

6/1 6/2 6/3 6/4 6/5
o-pinene 15.8 15,1 14,9 15,1 4.51 1.30
camphene 3.73 3,15 | 291 2,68 086 0,24
p-cymene 1,33 155 | L33 | 133 | 069 | 042
limonene 4.28 590 | 532 | 495 233 0,55
cucalyptol 16.8 174 16,7 184 16.3 16.9
(1, 8-cineole) 1,88 1,66 [, 12 1.61 1.74 %12
linalool
camphor 14 14,3 13.4 14,1 16,8 19,7
borneol 7,66 795 | &§200| ;5% 10,1 109
terpinene-4-ol 0,90 105 1.33 1,20 triace trace
o-terpineol 220 204 | 234 233 283 2,65
verbenon 11,0 13,8 13,6 15,3 20,0 239
neryl-acetate 1.67 1,22 | 094 | 0,69 0.86 0.80
caryophyllene 1,84 232 | 265 | Ziet 245 137
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Regarding the percentage occurrence of the components it
was provable that the SFE fractions were poorer in
hydrocarbons than the essential oil obtained by steam
distillation. The first SFE fractions contained the monoterpenc
hydrocarbons and the oxygenated monoterpenes were present
mainly in the latter fractions (Tuble 2) (Oszagyan, 1998).

Supercritical extraction of volatile aromatic
(phenyipropane derivative) compounds

For studying this question two species from the Apiaceae
family: Anthriscus cerefolium and Levisticim officinale
were choosed. Fresh chervil was collected by us in Budapest
(Népliget),

Eleven major components of the chervil oil and volatile
concentrate (SFE) were identified. The compositions of SFE
volatile concentrates and distilled oil were significantly
different. Table 3 shows that the methyl chavicol content of

Table 3 Compuarative percentage composition of chervil vil produced by
SFE and steam distillution

Components Steam SFE
distillation
Ol Aqueous
phasce®

a-pinene trace lrace 0.7
camphene trace trace 0,3
[3-pinene trace trace 0.7
myrcene lrace (I .2
limonene 0.2 1.3 19,7
p-cymene trice truce 5.2
I 8-cineol trace truce 1,0
undecane truce trace 1.0
methyl-cavicol 80.0 214 28.0
(E)-anethole 02 t 1.4
L-allyl-2.4-dimethoxy-
benzene 16.0 574 13

# 0l recovered from aqueous phase by petroleum ether extraction

distilled oil was much higher and the compound of 1-allyl-
2 4-dimethoxy-benzene was considerably lower than that of
SFE volatile concentrales.

The oil and water obtained by SFE were almost
completely immiscible; however, the volatile components
were partly soluble in water (liquid-liquid equilibrium). The
chemical composition of the oil recovered from agueous
phase by petroleum cther extraction was significantly
different from the composition of the SFE volatile
concentrate (Simdndi et al. 1996),

Comparing the composition of lovage oil with that of
lovage SFE fractiones authors established that in all cases
the main component was the phtalide-derivative Z-ligustilid
(component 13). Its highest concentration (79,3%) was in
SFE-3, 77.7% was in oil obtained by steam distillation,
78.0% in hexane and 67.3% ethanole extract (Tuble 4).
There was a significant, remarkable difference in the optical
rolation value of essential oil (o +1.4%) and SFE fractions
(SFE-2, 0:: 427.8) which is probably caused by the different
ratio of ligustilid enantiomers (Z/E 28.0 —14.3).

SFE extraction of phenoloid compounds
(aromatic monoterpene derivatives) from Thynus and
Origanum species

Authors established that the phenolic components were
obtained only partly in SFE fractions relatived to the
essential oil obtained by steam distillation, The yield of
phenoloid compounds was better, if the SFE fraction was
water steam distillated. A fraction rich in phenoloid
components was obtained, if the steam distillation was
carried out from acidic medium (Lemberkovics et.al. 1998b;
Oszagydn et al. 1996b; Oszagydn et al. 2000).

On the bases of our above mentioned results for the
characterization of solubility and extractability (in fuid

Table 4 Percentage occurrence of volatile oil components of essential oil and SFE fractions of lovage

Components F Percentage oceurrence %
Essential oil | SFE | SFE2. | SFE3/I SFE 3/2 SFE 3/3 sFE34 | Heawie | Alcoholic
extrict extrict

| 0,37 0.05 0,18 0,08 0.14 = 0,07 - 7.3
2 0,38 0.04 0,25 0.15 0.23 0,08 - = — +
3 040 (.16 0,54 0.36 0.47 027 0,47 0,65 =
4 0.45 0,013 0,17 16 0,63 0,12 . - -
5 0,45 001 0,66 (.38 0,74 0.26 0.23 0,14 - =
6O 0,54 023 .47 (0,34 0.64 0,24 0,16 0,12 e —
7 0.61 0,17 0,74 0.55 0,93 0.36 0,26 0. 19 lrace =
8 0.68 091 0.27 029 0,20 022 041 (.83 - =
9 0.85 022 0.14 0,17 0,18 2 0,20 0,11 - -
10 0,87 1,00 1.28 1,29 1,32 1.33 1,00 1.03 1,30 trace
11 0.89 5.80 330 3.31 323 323 333 3,67 340 .60
12 0,93 048 0,52 0,51 (1,39 051 0,80 0,90 0,70 truce
3 1.00 717 754 79,1 716 79.3 77.8 784 78.0 67.3
14 1.01 3,15 3.86 2,69 2.69 29 2,58 307 2,80 2,20
15 1,02 1.60 3.52 3.00 2.60 337 2,85 i 3.00 L 140
16 .16 278 298 5.54 4,80 6,57 4.87 647 6,60 ¥ 250

Legend:

F= retention tactor 1eltive to Z-ligustilide 12 buthyl-phtalide 15 3-buthyl-4.5-dihidrophtalide

11 n-buthylidene-phtalide 13 Z-hewstilide 16 E-ligustilide




82

C0,) of the individual volatile components a factor
(measuring number: 100¥log P/M) was introduced which
contained the hydrophobity (influenced by polarity) and
molecular mass of the components (Table 5). The linearic
connection between this factor and extractability is
demonstrated in Figure I (Oszagyan et al. 2000).

Table 5 Factor(100% log P/M) of some volatile components for
characterization on their fluid extractability

Components logP 1O0F logP/M
geranyl-ucetate 2.68 1,36
t-terpineol 222 1,44
linulyl-ucetate 2,87 1.46
linulool 2,27 1.47
terpinene-4-ol 2,28 148
verbenon 2,27 1.51
camphor 271 1.78
(-pinene 33235 2,38
curyophyllene 4,99 244
cineol 3,77 244
camphene 340 249
carvacrol 334 222
thymol 3.34 222
Y-lerpinene 3.00 227
p-cymene 3,72 277

Legend: logl: hydrophobity: M: molecular mass

F  factor of
extractability

16 number of SFE
fractions successively
in time

5 ' T &y ")-Jar‘ c%q_
v )‘*Mn.

)
L
7 pm“‘

Figure 1 Yield (%) of main components of rosemary during SFE

Supercritical extraction of non volatile terpenoids

Extraction of sesquiterpence—lactones from Asteraceae

Sfamilies

SFE of Chrysanthemum parthenium and Cnicus benedictus

lactones in feverlfew 1s (.73

The yield of sesquiterpene
/100 g calculated in parthenolide. The recovery of
purthenolide was almost complete by SFE.

The extraction of c¢nicin from Cnicus benedicrus was
unsuccessful by using lactor levels (pressure: 100, 250, 400
bar, temperature 40, 50, 60 °C) of feverfew extraction,
Cnicin was absent in the SFE products. When 4% methuanol
was added o the CO, flow to the column, it eluted the
lactone fraction L'(ll]!(ii‘I]iI'Ig T0% cnicin (Kéry et al. 1998;
Kéry et al. 1999),

At the same time it was established that the azulenogene
guajanolide sesquiterpene-y-luctones (e.g. matricin) were
not present in SFE fractions obtained from chamomile and
wormwood respectively. The possibility of hydrolysis and
during the

isomerization excluded

supercritical extraction, therefore the volatile fractions did

processes  were
not contain chamazulene (Lemberkovies et al. 1998b).

Supercritical extraction of sterols and witerpenes from
Taraxacum officinale, Levisticum officinale and
Calendula officinalis

In all cases authors established that the phyrosterol
content (calculated in B-sytosterol) and the free writerpene
content of SFE fractions were higher than the extracts
obtained by traditional extraction methods using organic
solvents. For example the faradiol and faradiol-monoester
triterpene content was .06 g and 0.10 g, respectively in
alcoholic extract and 5.0 g and 12.0 g, respectively in SFE
extract of marigold (Rdnvai et al, 1998),

Authors established also that the supereritical extraction
is more selective for B-amyrin, than the traditional extracts
obtained by organic solvents. Above mentioned lacts were
demonstrated by the data on common dandelion: 24,5 ¢/100
g SFE extract, 13,0 g/100 g n-hexane extract and 1.3 g/100
g ethanole extract (Kristad et al. 2000),

j L]

=

Conclusion

The monoterpenc-ester content of SFE fractions in
general is higher and the alcohol content is lower than those
in essential oils obtained by steam distillation. I the steam
distillation is carried out for a longer time (-~ 5-6 hours) or
from acidic medium, the ratio of alcoholic components
increases or new alcoholic components appear in oil. This
fact proves that a part of volatile terpenes is in bounded [orm
in the plant. Studying the change of composition of SFE
fractions succesively in time we could establish that the
monoterpene hydrocarbones are present in the first fractions,
the oxygenated monoterpenes as well as the sesquiterpenes
and volatile phenolic compounds are concentrated in the
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latter fractions. During the supercritical extraction the
azulenogene sesquiterpene lactones don’t transform 1o
azulenes, but the non volatile SFE fraction of some
Asteraceae  plant  contain
unchanged structure as well as free triterpene and sterol
components in high quantities. Summerizing we cuan
establish that the composition of volatile part of SFE

fractions is closer to the original aroma — composition of

plant then that of essential oil obtained by steam distillation.
Further the method is suitable to obtain extracts which are
rich in biologically active compounds and could provide
good basis for the production of medicaments.
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