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Fig. 2. Different separation processes which can be imple-
mented after the exiraction stage.

(a) decompression, (b) temperature variation, (c) adsorption, (d)
antisolvent addition.
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Fig. 3. Conlinuous counter—current high—-pressure tower
&g, &=, 99 packing, B9 Zolt for the fractionation of liquid feeds by supercritical GO;,
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Table 1. Supercritical fluid extraction of flavor and fragrance compounds (analytical results)

seedi—t{'—ﬂ essential oil& %30}31 B g4 %714 Eip

Angelica (root)
Anise (seed)

Basil (leaf)
Cardamon (seed)
Chamomile (flower)
Cinnamon (leaf)
Citron (pcel)
Coriander ([ruil)
Dragonhead (leaf)
Evodia Rutaecarpa (herb)
Geranium (leaf)
Ginger (rhizome)
Hopes (fruit)

Iris (rhizome)
Jasmine (flower)
Lavander (flower)
Lavandula (flower)
Kumgquat (peel)
Marjoram (lcaf)
Massol (bark)
Mirrh (herb)

Onion (bulb)
Oregano (leaf)
Pampelmousse (peel)
Paprika (fruit)
Pepper (fruit)
Peppermint (leaf)
Rose (flower)
Rosemary (leaf)

Sage (leaf)

Savory (leaf)

Spearmint (leaf)
Strawberry (berry)
Thyme (leaf)

Tsuga Canndiensis (leaf)
Vanilla (pod)

Nakanen et al. (7)

Ondarza and Sanchez (8)

Gopalakrishnan and Narayanan (9)
Reverchon and Senatore (10)

Sanders (11)

Poiana et al. (12)

Cieslinski et al. (13), Kallio and Kerrola (14), Kerrola and Kallio (15}
Ilawthorne et al. (16)

Ma et al. (17)

Ma et al. (17)

Machado et al. (18)

Sankar (19), Bartley and Foley (20)
Verschuere et al. (21), Langenzaal ct al. (22)
Bicchi et al. (23)

Gopalakrishnan and Narayanan (24), Rao et al. (25), Sankar (19), Reverchon et al. (26)

Adasoglu et al. (27), Reverchon et al. (28)
Oszagyan ct al. (29)

Poiana et al.(12)

Reverchon et al. (30) Reverchon. (31). Hawthorne et al. (16)
Dick et al. (32)

Ma et al. (17)

Sinha et al. (33)

Ondarza and Sanchez (8)

Poiana et al. (12)

Knez et al. (34)

Sankar (19)

Reverchon et al. (35), Hawthorne et al. (16)
Reverchon et al. (36)

Reverchon and De Camillis (37), Reverchon and Senatore (38), Mendes et al. (39),

Oszagyan et al. (29)
Reverchon et al. (40)
Hawthorne et al. (16)
Barton et al. (410
Polesello et al. (42)
Osazagyan et al. (29)
Guinamant (43)
Nguyen et al. (44)

Table 2. Composition of angelica root extracts obtained by SFE at 40°C and at various pressure conditions and by steam

distillation (SD)

SFE SD
Pressure (bar) 80 90 100 150 200
Terpenes and sesquiterpenes (%) 78 80 63 41 4 81
Benzopiranoids (%) 7 8 22 3 50 3
Miscellaneous compounds (%) 15 12 10 15 16 11
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Fig. 4. A schematic representation of the leaf structure and
the locations of cuticular waxes and vacuoles.
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Table 3. Comparison between rosemary oil isolated by SFE
at 40°C and 100 bar with fractional separation, and sleam-
distilled oil (SD)

Area (%) SFE SD
Monoterpene hydrocarbons 155 36.5
Monoterpenes oxygenated 737 59.4
Sesquiterpene hydrocarbons 6.6 2.2
Sesquiterpenes oxygenated 0.3 09
Other compounds o 1.3 0.7
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Fig. 5. Yield of simultaneous extraction of oil, essential oil
and water from coriander seeds at 200 bar and 40°C as
a function of the total amount of CQ. used.

W, essential oil; @, vegetable oil; I, water.
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Fig. 6. Variation of sage oil composition with extraction
time.

, terpenes; v, oxygenated terpenes: [J, sesquiterpenes; M,
oxygenated sesquiterpenes.

SAME A5



T¥ 025~050 g/em’ ]
ol ol F#29S ¢Uth BT AL AP AME 2
AFAE o] &3 F2HE F-&317 dA A= Fgs)

7} AP 2ot 2ot AT ZAALA S o]-2% &7

Hgel 2 Y TR0 Bash 29 7 42

of ek 22 vk s =0 #dg 257} Basirt &
g FAMET) g dFE ol R B AEH &
3| 784 RdEE AlFdA ot M2 FE2E F2F
o] B88 F3}4 essential oilA] £ 23 FERL ¢
o= 7led g Holy LRIPIAE FES 5 e 2

o}l .
%1 E s

1. Encyclopaedia of food science and technology. Wiley,
New York (1992)

2. Stahl, E., Quirin, K.W. and Gerard, D. : Verdichete Gase
zur Extraction und Raffination. Springer, Berlin (1987)

3. Reverchon, E. and Sesti Osseo, L. : Comparison of proc-
esses for supercritical COz extraction of oil from soybean
seeds. J. Am. Qil Chem. Soc., 71, 1007 (1994)

4. Perrut, M. : High performance extract-solvent separators.
In Proceedings of the first international symposium on
supercritical fluids, Perrut, M. (ed.), p627 (1988)

5. Birtigh, A. and Brunner, G.: Regeneration of loaded
supercritical fluids. In Proceedings of the third congresso
italiano sui fluidi supercritici e loro applicazioni, Kikic
I and Alessi P. (eds.), p.67 (1995)

6. Moyler, D.A. : Extraction of natural products using near-
critical solvent. In Extraction of flavours and fragrances
with compressed COs, King, M.B. and Bott, T.R. (eds.),
Blackie, Glasgow (1993)

7. Nykanen, I, Nykanen, L. and Alkio, M. : Composition of
angelica root oils obtained by supercritical CO; extraction
and steamn distillation. J. Essential Oil Res., 3, 229 (1991)

8. Ondarza, M. and Sanchez, A.: Steam distillation and su-
percritical fluid extraction of some mexican spices. Chro—
matographia, 30, 16 (1990)

9. Gopalakrisshnan, N. and Narayanan, C.S. : Carbon dioxide
extraction of indian jasmine concrete. J. Flavour Fragr.,
6, 135 (1991)

10. Reverchon, E. and Senatore, F. © Supercritical carbon diox-
ide extraction of chamomile essential oil and its analysis
by gas chromatography-mass spectrometry. J. Agric
Food Chem., 42, 154 (1994)

11. Sanders, N. : Extraction of natural products using near-
critical solvent. King, M.B. and Bott, T.R. (eds.), Blackie,
Glasgow, p.43 (1994)

12. Poiana, M., Sicar, V. and Neri, B.A. ' Extraction par CO;y

13.

14.

15,

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

supercritique de certaines essences d'agrumes, Jeme Col-
loque sur les fluides supercritiques. Applications aux
produits Natruels, Pellerin, P. and Perrut, M. (eds.), p.173
(1996)

Cieslingki, B.Gz,, Wilkinson, G.T., Kluba, R. and Homby,
S. : Optimal conditions for the separation of essential oil
from liquid carbon dioxide extracts of coriander seeds.
In Proceedings of the third international symposium on
supercritical fluids, Perrut, M. and Brunner, G. (eds.), 2
323 (1994)

Kallio, H. and Kerrola, K. Application of liquid carbon
dioxide to the extraction of essential oil of coriander. Leb-
ensm. Unters. Forsch, 195, 545 (1992)

Kerrola, K. and Kallio, H.: Volatile compounds and odor
characteristics of carbon dioxde extracts of coriander
fruits. J. Agric Food Chem., 41, 785 (1993)
Hgwthorne, S.B., Riekkola, M.L., Serenius, K., Holm, Y.,
Hiltunen, R. and Hartonen, K. : J. Chromatogr., 634, 297
(1993)

Ma, X, Yu, X, Zhen, Z. and Mao, J.: Analytical super-
critical fluid extraction of chineses herbal medicines.
Chromatographia, 32, 40 (1991)

Machado, A.S.R., Gomes de Azavedo, E., Sardinha, RM.
A. and Nunes da Ponte, M. : High pressure CQs extraction
from geranium plants. J. Essential Oil Res., 5, 185 (1993)
Sankar, K.U.: Supercritical fluid carbon dioxide tech-
nology for extraction of spices and other high value
bio-active compounds. In Supercritical fluid processing
of food and biomaterials, Rizvi, 3.5.H. (ed.), p.155 (1994)
Bartley, J.P. and Foley, P.: Supercritical fluid extraction
of australian-grow ginger. J. Sci Food Agric., 66, 365 (1994)
Verchuere, M., Sandra, P. and David, F.: Fractionation
by SFE and microcolumn analysis of the essential oil and
the bitter principles of hops. J. Chromatogr. Sci., 30, 388
(1992)

Langenzaal, CR., Chandra, A., Katsiotis, 5.T., Scheffer,
J.J.C. and De Haan, A.B. : Analysis of supercritical carbon
dioxide extracts from cones and leaves of Humulus
lupulus L. cultivar. J. Sci. Food Agric., 53, 445 (1990)
Bicehi, C. Rubiolo, P. and Rovida, C.: Analysis of con-
stituents of Irisrhizomes : Simultaneous SFE of irones
and iridals from Iris Pallida L. J. Flavour Fragr., 8, 261
(1993)

Gopalakrishnan, N. and Narayanan, C.5.: Supercritical
carhon dioxide extraction of cardamom. J. Agric. Food
Chem., 39, 1976 (1991)

Rao, G.V.R., Srinivas, P, Sastry, S.V.GK. and Muk-
hopadyay, M. : Modeling solute—cosolvent interactions for
supereritical fluid extraction of fragrances. J. Supercrit.
Fluids, 5, 19 (1992)

Reverchon, E., Della Porta, G. and Gorgoglione, D.: Su-
percritical CQs fractionation of jasmine concrete. J. Su-
percrit. Fluids, 7, 60 (1993)

Adasoglu, N., Dincer, S. and Bolat, E. 1 Supercritical fluid
extraction of essential oil from Trukish lavender flowers.



ZOARHE 0188 SIIME0| & 19

28.

29.

30.

3l

32

33

34,

35.

37.

38.

39.

40.

J. Supercrit. Fluids, 7, 93 (1994)

Reverchon, E., Della Porta, G. and Senatore, F.: Super-
critical COz extraction and fraction of lavender essential
oil and waxes. J. Agric. Food Chem., 43, 1654 (1995)
Lamberkovics, K.E. : Supercritical fluid extraction of es—
sential oils from mixtures of medicinal plants. In Pro—
ceedings of the third symposium on supercritical fluids,
Perrut, M. and Brunner, G. (eds.), Vol 2, p453 (1994)
Reverchon, E,, Donsi, G. and Pota, F.: Extraction of es—
sential oils using supercritical CO;: effect of some proc-
ess and pre-process parameters. Int. J. Food Sci., 3, 187
(1992)

Reverchon, E.: Fractional separation of SCF extracts
from marjoram leaves ' mass transfer and optimization.
J. Supercrit. Fluids, 5, 256 (1992)

Dick, R., Quirin, KW. and Cresp, P.: Massoia lactone,
extraction et concentration par le CQO, supercritique. Par-
Jums, Cosmetiques, Aromes, 103, 91 (1992)

Sinha, N.K., Guyer, D.E., Gage, D.A. and Lira, CT.: Su-
percritical carbon dioxide extraction of onion flavors and
their analysis by a gas chromatography-mass spectro-
metry. J. Agric. Food Chem., 40, 842 (1992)

Knez, Z., Posel, F. and Golob, J. : Extraction of plant ma—
terials with supercritical CQs In Proceedings of the
second international symposium on supercritical fluids,
McHugh, M.A. (ed.), p.101 (1991)

Reverchon, E., Ambruosi, A. and Senatore, F. : Isolation
of peppermint oil using supercrtical CO: extraction. J.
Flavour Fragr., 9, 19 (1994)

. Reverchon, E, Della Porta, G. and Gorgoglione, D. : Su-

percritical COy extraction of volatile oil from rose con-
crete. J. Flavour Fragr., 12, 37 (1997)

Reverchon, E. and De Camillis, M. : Produzione di estratti
alimentari mdefante SCFE, Ind. Aliment. p.266 (1991)
Reverchon, E. and Senatore, F. © [solation of rosemary oil
* comparison between hydrodistillation and supercritical
CO. extraction. J. Flavour Fragr., 7, 227 (1992)
Mendes, R.L., Coelho, J.P., Fernandes, H.L., Marrucho, L
J., Cabral, JM.5., Novais, ] M. and Palavra, A.: Appli-
cations of supercritical CO. extraction to microalgac and
plants. J. Chem. Technol. Biotechnol., 62, 53 (1995)
Reverchon. E.. Della Porta, G. and Taddo. R. : Extraction

41.

42.

43.

46.

47.

48.

49.

52.

of sage essential oil by supercritical COz: influence of
someprocess parmeters. J. Supercrit. Fluids, 8, 302 (1995)
Barton, P., Hughes, R.E. and Hussein, M.M. : Supercritical
carbon dioxide extraction of peppermint and searmint. J.
Supercrit Fluids, 5, 157 (1992)

Poleselly, J., Lovati, F., Rizzolo, A. and Rovida, C. : Super-
critical fluid extraction as a preparative tool for straw-
berry aroma analysis. J. High Res. Chromatogr., 16, 5hb
(1993)

Cuinamant, J. : Extraction par [lwide supercritique : appli—
cations aux aromes et aux parfums. Parfums, Cosme-
tiques, Aromes, 104, 81 (1929)

. Nquyen, K., Barton, P. and Spencer, ].5.: Supercritical

carbon dioxide extraction of vanilla. J. Supercrit. Fluids,
4, 40 (1991)

. Sankar, K.U.: Studies on the physocochemical charac-

teristics of volatile oil {rom pepper extracted by super—
critical carbon dioxide. J. Sci. Food Agric., 48, 483 (1989)
Stahl, E., Quirin, KW. and Gerard, D: Solubilities of
soybean oil, jojoba oil and culicular waxes in dense car—
hon dioxide. Fette Seifen Anstrichmittel., 12, 458 (1983)
Bestrnann, H.J., Erler, J. and Vostrowsky, O. | Extraktion
von thymian mit flussigem CQz im labormaPestab. Leb-
ensm. Unters. Forsch, 180, 491 (1985)

Chen, C.C. and Ho, C.T.: Gas chromatographic analysis
of volatile components of ginger oil extracted with liquid
carbon dioxide. J. Agric. Food Chem., 36, 322 (1988)
Cathpole, O.]., Andrews, E-W., Toikka, G.N. and Wilkinson,
G.T.: Mathemethical models for the extraction of oils
from plant matrices using near critical solvent. In Pro-
ceedings of ther third international symposium on super—
critical fluids, Perrut, M. and Brunmer, G. (eds.), 2, 47 (1994)

. Ozer, E., Platin, S., Akman, U, Ortacsy, O. and Goto, M.

. Doga (Trukish J. Chem.), 16, 273 (1992)

31. Kerrola, K., Galambosi, 3. and Kallio, H.: Character-

ization of volatile composition and odor or angelica root
extracts. J. Agric Food Chem., 42, 1979 (1994)
Reverchon, E. and Sesti, OL.: Modelling the super-
critical extraction of basil il. In Proceedings of the third
symposium on supercritical fluids, 2, 189 (1994)

. Reverchon, E.: Mathematical modelling of supercritical

extraction of basil oil. AIChE ., 42, 1765 (1996)



